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Evaluation of: Buttsreecrth BE, Chapman JR. Exposure of hematopoistic stem cslls to
ethylene oxide during processing represents a potertial carcinogenic risk for transplant
recipients. fegul. Tomcod. Pharmacod, 49(1), 148-153 (2007).

The future of sthylers oxide [ECQ) sterilization has been questioned, dus to its associated
toxicity. EC hes been arourd for more than B0 years, mainly dus to itz recogrized
characteristics of reliability and effectiveness, coupled with the process flexbility as well &s its
compatibility with most of the desices. Despite the well known EQ toxicity the undesirable
effects of medical desices’ EQ residues on the patients health have not yet beem well
established. Thers are limitations related to the current risk-assessment studies. To overcome
thiese drawbacks, demands on greater zafety are increasing, which lkead to improverments in
sterilizers and seration equipment, as well as processes design. The paper under evaluation
highlights risks related to EQ sterilization of materials used during proocessing of stem cells for
transplantation, but i= an example of a study where the dose of the residues it the devices is

not considerad.

KEYWDRDS: cthykne coide residun * sthylena oxida sterdization * medical dovices » procoss design = toxicicy

The paper under evaluation relates ethylens
cucide (EQ Jsterilization of medical disposable
sets, used to collect, purify and store hermato-
poietic stem cells for tramsplantation, with cell-
derived leukermia I:CDL:I in patients receiving
the transplantaton [1].

This article provides a comprehenshe: review in
the comtext of toxicity related to medical devices
(M) sterilized by ECL. The frst part presents
an overview of the advantages of this sterilimtion
techmology over the other two industrial sterilim-
tion technologies most widely used. The second
part surmmnarizes the regulsted Bmits for residual
ED and its by-products on MDs The third part
outlines the activity mechanism and the inherent
tomicity of the sterilining agent, giving ermphesis
to the risk-assesgment studies related to the sig-
nificance of BED levels in MDs on patdent’s
health. Finally, we addres the importance of
developing advanced EC diffusion process mod-
els in order to allow prediction and efficient
reduction of M D EC residues.

EO sterilization: advantages & uses

EQ sterilmaton provides a long-history  of
extensive wse as an effective method. EO s

compatible with nearly every dewice, basically

due to the fexbility created by the large
mumber of process variables. Morecwver, B has
undergone significant advances in order to owver-
come potentlal hamards to employes, patient
and ervironmental safety

The wse of EQ gas has sssumed a dorminant
positon in the Bel of industrial sterilizton and
its volurme & increasng besically due the growth
of single-use medical devices amd specifically
becmse there has been a transition to custormimed
packs for use in specific medical and surgical pro-
cedures. The diversity of product desigrs, mabe-
ral types and packaging applications dermanded
ED steriliztion developments [2-4].

Stearn or high-energy irradiaton sterilimtion
results in extensive material degradation due o
temperature effects and becouse the energy of
y-radlation is five orders of magnitude greater
than that of any carbon chemical band. EC has
been used effectvely for the serlimtdon of
et -, modsture- andfor radiation-sersitve med-
dcal devices .74

There are many sxamples that demonstrae the
preference of ED serilimton over the other
methods and some of them are explained below.
The use of ECH for the sterilimtion of bone trans-
plants, as well & climically used demineralized
bone matrices, has been reported with excellent
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results. ECQ sterilimtion is effective, becauss it completely pens-
trates into bone, destroying bacteria and wimses, and has a less
detrimental effect on the Hssies compared with albernative ster-
ilization methods, such as irradiation or autoclaving. ED was
reported as a safe, inexpersive and effective sterilant for bone
and tismies, snce care weas taken to reduce the concentration of
residual gases to acceptable levels [2.8010].

A similar conclusion was also reported for the banking of
skin for allografts and collagen sponges prepared for Hssue engt-
neering. Modst heat darmages the structure of the skin tdssue,
due to collagen deraturation. Chn the other hand, y-irmdiation
raises the question of effectveness, becmse small viruses and
spore-forming bacteria are quite resistant to this method and
the high doses that would be required to inacehvate HIWV would
cause the same problerms as modst beat. [t has been dermon-
strated that collagen can maintain its structural integrity and
stability after EC sterilimtion and adequate s=ration. The aera-
tion procedure complied with regulatory limits and was enocugh
to reduce reskdual EC o a noncytotosc level [11,12).

Concerning the sterilization of ultrahigh-rmckecular-weight poby-
ethydens (THMWPE], which remains the matedal of choice ussd
in orthopedic prosthetic surgery, the mechanical properties and
structural integrity of UHMWEFE are very critical becmse they
may interfere with the comsequent performance and long-term
structural integrity of crthopedic implants. The stdies recogrim
that stearn sterilimbion is not convendent because it can affect
dimersional sability of the polvethylenes (PEs), and ionizing radi-
cross-linking. The formation of free radicals renders UHMWFPE
unstable, becmse mopgen diffusion into the polymer and its reac-
tion with free radicab causes chain scission. This & sccompanied
by internal cross-linking reactions, with the ovenll result being a
change in physical propertes of the polymer, and bence a change
in wear performance. Wear debris produces inflimmabory response
and bore hysis, which leads to loss of of the implant [7,13-13].

Diifferent studies also suggest that B is the industrial method
of cholce to sterilre poburethane (FU). PLT undergoes signifi-
cant degradation when subjectsd to y-radistion or sutochving,
and among the mubstances produced from PU degradation a car-
cinogen, 4.4 -methylnsdiandline (MDA, hes besn reported.
Maoreover, high-energy mdiation may cause material degradation
and cross-linking, which leads to mechardoal property losses and
increases in tersile strength, respectbvely. [12,16-18]

Control of ethylene oxide residues in medical devices
Diespite the concerns over the ED toxicity and dts by-prod-
ucts, it was only in 1978 that the LI3 FDOA established recom-
mendations on minimum-allowed levels for BD, ethylens
chorchydrin (ECH) and ethylene ghecol (EG) residual con-
centrations on serlized products. Moreover, the first regula-
tory document of the series of biclogical evaluation of b Dis,
related to EO sterilization residuals (IS0 108993-T), was
edited in 1995 z1g.

The first conclusion that can be drawn i that human expo-
sures to potentially tosde effects was for a long tme not estab-
lished, justifying the large quantity of publicatiors reporting
toode BV effects, without considering the exposure dose, This
question is addressed in more detadl below.

The 150 108893-T7 specifies the allowable limdts for residual
EC and its by-product, ECH. which is formed due to the ECH
reaction with chlorinated compounds, during MDs ECH sterili-
zation. EC) may abso react with water vapor to form EG, but no
lirndts are specified for this chermical, becmse the risk assessroent
described in 10993-T indicates that calculted allowahle
lewels are higher than those Hkely to ocour in a b0,

The standard describes the methods of analysis via gas Bguid
chromatography and allowable hrmits based on an examination
of toxicological risks of the residue, according to the type and
pericd of time the patent is ikely to ke exposd to the device.
Accordingly, the produces are categorized as limited exposure,
pralonged exposure. permanent contact and spacial situations
are also defimed. Limits are expressed as masdmum average dadly
doses received by the patient (mg/day) for each type of device,
and additional bmits for prolongsd or permanent-exposure
device are also added; that is, prolonged exposure devices must
meet thedr own category limit and that of the imited exposure
device. However, B -sterilized devices that have no patient con-
tact, which includes in wifre diagnostic dewices, are not coverned
by this stamdard [19,50].

Aralyrng the paper under svaluation, it can be concluded
that the medical disposable components used during processing
of stern cells are not under the regulatory lmits defined by 150
109937 1oz

Far further safety, and despite data demonstrating the effects
of exposure to EQ reddues on MDs, the most recent revissd 1500
10%53-T draft indicates that the acceptable resicual levels will be
rechuced in the future, thus requitdng even longer asration Hrmes
and/ar the redesign of the sterilization process [15.20).

Ethylens oxide sterilization mechanism & toxicity

After steriliztion, some BEO' may remain adsorbed on the
device surface or dissalved into fts construction materiak, Do
the device contacts directly or indirectly with the body, the
residual BEO can potentially dissipate from the device into the
body at a rate depending on the materialk of the MDs, the
degree of aemation and other factoms. EQ and its reaction prod-
ucts, ECH and EG, hawve shown to cause chronic todcity or
reproductive effects in aboratory andmals at relatively high
deses. In addition, ECV ds an allpdating agent compound that
reacts with the DPA of the microorganisms rendering them
nomviable. ccording to the sume mechanism. it has mubgenic
and carcinogenic propertdes. BD has been demonstrated o be
genotowic in a wide varlety of biological systems, and carcino-
genic in rats and mice. Since EC has caused towdcity in humans
at high doses and because cccupational exposure to lower, but
still substantial levels of ED & related to cancer and other

Bypeet R Mind. Devicar 5(3), (2003)
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athverse effects, health risk doubts arise concerning the effects of
much lower and gererally brief doses that patients can recefve
from exposure o sterilized B0,

In this context, at the end of the 1980s the Heath Industry
Manufacturers Association (HIMA) has requested Emdron to
investigate the risks from exposure to BO residues on B Ds.
The scope of this sudy included only risks to patients, and
only the risks asscoiated with MDs delivered sterile to hospitals,
physicians or the patient.

It is recognizsd that the mutagenic potential of ECY stremgth-
ers the weight of the evidence for is carcinogenicity. Howewer,
the current understanding on this topic is insufficient o estab-
lish quantitatively the significance of EC's mutgenic actvity to
human health risk.

Ermvviron has performed a risk assessment that quantfied the
effects from exposure to D sterilizsd MDs, adopting assamp-
tions that wield the highest estimated risk or, in other words,
msuming a conservative position in assessing cancer risks.

The estrmated cancer risks are hypothetiol and are not predic-
Hors of any direct evidence of hurman cancers attributable o ECY
exposures, They were extrapolated based on data from experimen-
tal amirmals o humans and also from high-to-low exposures, which
ane tobally distinct from the true dsks of large numbers of people
expossd to the sarme agent at much lower levels. The study consid-
ened the botal dose from all kinds of devices that a typdoal individual
might recetve during hisher lifetime, and also that residues of BO
and fis reaction products are present on MDs at levels proposed by
thee FDUA in 1978, which are certainky abowe the real exposure.

Enwviron hes estimated the upper probability of human risk
from cancer csed by ED and the number found was seven in
a rmillion, a figure that & rarely congdensd significant in regula-
tory decisions, and that & usually comsidered trivial in canses
where the benefits of medical treatment are obwious [21-23].

The paper under evaluation states that there is a “no effect” doss
to b considered, since the sk of cancer abways exists indepen-
dently of the residual D levels, despite recognizing that thers
does not exist amy data demonstrating the genotosdc effects of ECY
residues in devices for the processing of hurman stern cells [1]. This
study is not in agreernent with Fodricks o af who state that the
risk of cancer is related to the level of exposure to a carcinogen and
the residues of BD should be kept o low as feasible becase the
probability of cancer cocuming becormes toivially small if doses ares
sufficiently low 12123, There are lrge cumulatve uncertainties
mmsociated with extrapolation of adverse effects, but the actual risk
is miost likely to be lower than the defined upper limit. The con-
cheion was that exposure to BO-sterilimed b Ds is unlikely to
cause sigrificant risk to human health and the true risk of cancer
from low BECY doses may be 2o, Regarding other chronic towccity,
s well s reproductive effects, Emvron concluded that no concemn
about the possible health effects in hurmans exises [21-23.

Although a number of studies on the advers: effects of BEO
henve appearsd in the Hterature, none of the imestigatons alter
EMVIROMN's conclusions about the toxicity of EQ or dts by
products, mor conclusions about risks to health from exposure

tor B resichues on sterilized MDs. Besdes the main ED health
concern, that is carcinogendcity, allergic reactions, an anaphylac-
tide type of reaction, as well as other hypersensitivity reactions are
commaonly described 25 a comsequence from exposure toan BO-
sterilized device. Howenser, although most of the reports consider
the relevance of decreasing the residues concentration, no quant-
tative corsideration of dose mpects is addressed [22124- 3], There
are exceptions such as the study of Anand e af, as well 28 Horse-
DCheter Lembes, which conclude based on concentration that the
resichues below certain level do result in sfe use [35 38,

There is much to dio to tmprove the current situation and this
question deserves closer investgation in the future.

Reducing ethylene oxide residues on medical devices
One big challengs & related to reducing the BO reddues below
its toodcity and in the shortest possible pericd of dme. In fact,
despite little svidence mailable to indicate the levels of ED at
which toxic reactions occur, EQ sterilization is continuing its
development towards a technology-neutral’ solution [14,27).

Traditicmally, asration was achieved by leaving the product for
a period of time in ambient conditions. Howeser, nowadays the
improverment of the product aeration methods is being carried
acconding to two different perspectives. design of the cycle and
aeration. Under the perspective of the design of the cycle, there is
a tentative to reduce the ED) concentration ussd in the gas dwell
phase, which mirdmizes reddue levels in product ewen after iis
trarsference inio the aemation phese. bdore efficient seration is
achieved using elevated ternperatures and high air-change rates,
as well as by combimators of goses, pressure st points, vacuam
rates anc ga-injection rates, Methods to be considersd for the
Fuiture will inchade the use of seam addition and remosal, and
rewer developments such s microwave desorption [3,4,37].

Dlespite the major interest on mirdmizng the residual amount
of EQV in the devices, imvestigations related yo the efficency of
the different aeration technologies are missing 5238

The modeling of the EC diffusion through different sub-
strates, including the packaging, and taking into account differ-
ent environmental conditions both for sterilimton and aema-
tion is still a challenge. The diffusion rates vary greatly among
the various materals in MDs according to their materials of
construction, their volume and surface area, as well & accord-
ing to the packaging specification. The ability to predict the
dynamic distributdon of EQ concentration within the load,
besides allowing the prediction of the sterilization lethaliby
woulld also allow estirmating the dissipation of the residues after
sterilimtion in order to estmate the required aeration Hrme to
reduce reddues to a desined level.

Discussion & conclusion

The authors of the paper under evaluation relate EO steriliza-
ton of medical disposable sets, used during processing of
hematopoietic stem cells for transplantation, with CDL on
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patients receiving the transplantation [1. This fact & becase
E} is a direct-acting mutagen that has been demonstrated to
induce cancer.

The paper under evaluation states that there is a no effect”
dose to be considered, since the risk of cancer always exists
independently of the residual EO levels, despite recognizing
that there does not exst any data demorstrating the genc-
towic effects of EO) residues in devices for the processing of
human stem cells [1]. In recent reports from Rodricks & al,
not yei overcome by others investdgations, despite recogni-
tion that there are large uncertinbes asociated with the
quantitative risk msessment performed, the mutagende activ-
ity to human health was always estimated conssrvatively,
which means that risks should be overestimated. The studies
recognize that the probability of developing cancer is dose-
related and it becomes trivially small if doses from exposume
to EQ-sterilized MDis are sufficiently low and can truly be
Ero [21-23.

Dlespite their conclusors, the authors recognize that other
possible factors could be ako addressed with COL, and also rec-
ognize some fragility on their investigation. In fact, like many
other studies that indicate significant dissdvantages of EJ ster-
ilization, & quantitative risk assessrment wos not performed. The
authors recogrize that theres is a nesd for a systermatic review of
all cases of domor-cell derfved hermatologic malignancies in stem
cell products and identification of all donors” conditions, in
order to estimate the extent of the problem and the degres to

which ED) may have played a role in COL. They also recognize
that the degres to which EQ DNA adducts are produced in
stem cells was not examined [1.

There is alsy an important factor that should be addressed.
The awthors write that the EC residuals remaining in process-
ing sets under discussion are regulated by governmental man-
dated standards and assurme the same limits as the ones defined
for lrmited exposure devices, But in fact, d1 witre dlagnostic
devices are not covered by 150 10993-T, and according to that
the medical disposble components used during processing of
semn celb are not under regulatory limits defined by IS0
10993-7 1,19 200. The technical committes should consider the
regulation of the lmits for this and other @ witre diagnostic
devices, which indirectly can interfere with human health.

The paper under evaluation totally dissuades the use of EO
o sterilize materials used during processing and storage of stern
cells [1]. If there are altematives, they should be corsidered but,
like in other sudies it is ewident that the mutmgenic properties
of ECY are interfering wdth the authors conchsicrs. This draw-
back can sigmificantly Hmit the precise and accurate anahysis of
the condition under evaluation.

ED represents the dominant mode of sterilimiion and there is
a recognized history of relisbiting However, further quantimtive
risk assesmments related o the risk of uang EO-serlized devices
should be performed in order to confirm and develop the resuls
of previous studies on this rmatter. The conclusions taken for one
device shall be very carefully extrapolated for another.

The futura of ethyiene cxide [EC) steriization has bean questioned dus to the toxicity assodatad with the sterlizing agant, but tha

developmants to overcome ks waaknassas, coupled with ks undeniable advantages In companson wkh other avallable Industrial
starlization methods, comverted EC In o the dominam modea of ndustria sterlization.

Fequiated limits Tor residual ED and its oy-products on medical devices [MO5) are defined oy 50 1084935-7. The residue |evels are defined

acconding to the type and pariod of time the patient is likely to be exposad to the device and In Wiro devices a5e not Lnder the scope.

appropriate risk assassment studas,

the current studies on risk F5sessmet.

Despite the mutagenk and carcinogenic properties of B, the sigrificance of EO levels in MDs on patiant's haatth shall be deined by
The urdesirabla effects of EC reskiues in MOs on the patient’s health heve ot been well estabiished, Thers are Imitations relatad to

Erwinon has estimated conservathaly the uppar probabliity of numan risk from cancer cawused by ED and the number found was sewan

i a millon. According to the same nvestigation, the reskiuas of BD should ba kepk & (0w a5 feasible, bacausa tha probablity of
EI:LITII'E cancar bsoomes LI'MH|]' =mial oF even Zero IF dosss E'E'SLI'I'HI:EI'I'J]' I,

Thea paper undar evaluation states that thare |5 & “no effact ™ dose to be corskdered, since the sk of cancer always axsts

indapendently of the resldual B0 levals, despite recognizng that there doas not extst any data demonstrating the genotoxlc effects of

ED residues In devices for the procassing of human stem cells.

Although a number of studas on the adversa nealth effacts of BO hawe appaarad In the Ikeratura, none of the nyvestigations aker
EMVIRON's conclusions about the toxcity of EQ or its by-products.

The papar undar evaluation Righiights Ee risks related wkh E sterllzation of matenals used during processing and storage of stem

cells Tor transplantation, but there ane fragliities and it 5 an example of a study that does not take into considaration the residues dose

In the devices.

* HOWwardays, a new challenge in the contest of EC stariization & the devalopment of madels for EQ difusion, in omder to alow the
prediction and Improvement of efficlent removal of EO resldues from MOs.

deficiencies of the investigations currently avallable.

& comprefiensiva quankitative risk assessment ralated with the haalth effects of ED residues on MOs would allow ovencoming the

Bppert fine Al Dvicar 5(3), (2008
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Five-year wiew

Comsidering the advantages of BD sterilimaton over the other
industrial methods, as well as the latest developments that have
been performed in this technodogy, BO will remain an essentdal
elerment in sterilization technology

Further developments are mesded in the way of undemstand-
ing desorpton of EQ residuals in expossd MDs under different
meration conditions, which would allow the design and devel-
opment of a more efficient process.

Regulatory bmits defined by IS0 10893-T have been defined
based on examimation of toxcological risks of the residues of
ED sterilization, but there are limitations related with current
studies on risk assessment that were explained before. If other
and more detailed risk asssments would be available, they

would probably ghe more ssurance to the individuals somme-
b binked with EOQ sterilized M Ds,
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B.1 Running cycles conditions

A preliminary effort was undertaken to stabilize and set constant conditions through each
cycle experiment, in particular for temperature, ethylene oxide (EO) concentration,
relative humidity (see Table B.1) and time (see Table B.2; the time maximum variability
was 6 %, from the first EO injection until the end of the first exhaustion vacuum,

excluding exposition).

Table B.1 Conditions attained for each run through each cycle experiment

RUN no. 1
Cycle no. T (°C) RH (%) C(mglL?)

608 59.1 64 239

609 59.5 54 204

610 58.9 71 195

618 62.9 62 219

625 58.2 64 255

626 59.1 64 260

629 58.8 63 255

Mean 59.50 63.1 232.5
Standard deviation 1.44 5.0 24.5
Standard deviation /Mean (%) 2.4 7.9 10.6

RUN no. 2
Cicle no. T (°C) RH (%) C(mglL?)

337 43.9 86 223

338 44.2 89 222

345 44.1 89 235

346 43.8 92 222

552 42.5 75 250

554 43.7 78 269

555 42.5 82 265

669 44.9 94 282

673 43.6 80 316

675 43.3 90 286

Mean 43.65 85.5 257.0
Standard deviation 0.70 6.4 30.5
Standard deviation /Mean (%) 1.6 7.5 11.9
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Table B.1 (continued) Conditions attained for each run through each cycle experiment

RUN no. 3
Cicle no. T (°C) RH (%) C(mglL?)

335 34.2 55 201

360 35.1 59 221

362 35.2 58 217

364 35.7 54 217

367 34.2 58 225

370 34.8 61 225

371 34.6 60 229

410 34.7 59 223

515 32.9 72 234

516 32.9 69 222

545 33.0 54 223
Mean 34.30 59.9 221.5
Standard deviation 0.93 5.8 8.0
Standard deviation /Mean (%) 2.7 9.6 3.6

RUN no. 4
Cicle no. T (°C) RH (%) C(mgL?)

449 41.3 90 969

450 41.9 93 964

489 39.4 93 974

500 40.8 90 981

501 40.1 92 1000

512 40.3 90 985

535 39.2 85 1004

546 40.1 96 932

597 39.6 84 1011
Mean 40.30 90.3 980.0
Standard deviation 0.84 3.8 22.8
Standard deviation /Mean (%) 2.1 4.3 2.3
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Table B.1 (continued) Conditions attained for each run through each cycle experiment

RUN no. 5
Cicle no. T (°C) RH (%) C(mglL?)
631 58.8 84 278
633 59.5 81 234
634 58.4 81 254
636 58.8 82 242
638 58.9 91 303
689 57.8 81 282
Mean 58.70 83.3 265.5
Standard deviation 0.52 3.9 24.2
Standard deviation /Mean (%) 0.9 4.7 9.1
RUN no. 6
Cicle no. T (°C) RH (%) C(mglL?)
434 34.9 47 963
463 33.4 61 948
471 34.3 65 959
472 33.2 70 933
483 334 63 970
486 33.1 71 968
508 34.1 67 908
509 33.8 67 982
510 34.1 44 943
518 34.5 58 920
520 32.4 50 908
680 31.0 64 959
681 31.4 64 854
Mean 33.35 60.8 940.0
Standard deviation 1.12 8.7 33.4
Standard deviation /Mean (%) 3.4 14.3 3.6
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Table B.1 (continued) Conditions attained for each run through each cycle experiment

RUN no. 7
Cicle no. T (°C) RH (%) C(mglL?)

646 59.4 97 1006

647 60.7 98 1017

648 60.4 98 1009
649 58.8 96 989

661 58.2 97 1013
664 59.6 98 992

684 59.1 99 1002

Mean 59.45 97.6 1004.0
Standard deviation 0.81 1.0 9.7
Standard deviation /Mean (%) 1.4 1.0 1.0

RUN no. 9
Cicle no. T (°C) RH (%) C(mglL?t)

816 34.6 86 692
817 37.0 74 669
818 36.7 71 684
819 37.4 73 695
824 37.8 61 685
869 37.8 76 653
870 37.7 78 664
871 36.7 69 660
872 37.7 81 665
873 36.6 65 676

Mean 37.00 73.4 674.0
Standard deviation 0.92 7.4 13.5
Standard deviation /Mean (%) 2.5 10.1 2.0
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Table B.1 (continued) Conditions attained for each run through each cycle experiment

RUN no. 10
Cicle no. T (°C) RH (%) C(mglL?)

807 37.6 75 456

808 37.2 77 473

809 37.0 85 460

810 37.6 78 449

812 36.4 82 465

813 37.1 76 481

814 36.5 83 460

815 36.4 84 453

874 36.1 79 441

875 37.5 80 438

876 37.6 81 440
Mean 37.00 80.0 456.0
Standard deviation 0.54 3.3 13.1
Standard deviation /Mean (%) 1.4 4.2 2.9

RUN no. 11
Cicle no. T (°C) RH (%) C(mglL?)

838 50.0 80 229

839 51.5 81 266

847 51.6 73 189

848 52.5 88 244

849 51.4 80 259

851 50.5 83 259

854 50.7 77 256

855 50.6 86 255

856 50.2 74 266
Mean 51.00 80.2 247.0
Standard deviation 0.76 5.0 23.2

Standard deviation /Mean (%) 1.5 6.3 9.4
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Table B.1 (continued) Conditions attained for each run through each cycle experiment

RUN no. 12
Cicle no. T (°C) RH (%) C(mglL?t)
988 50.3 67 437
989 51.0 69 452
991 50.8 70 444
992 51.0 66 451
993 50.5 64 451
Mean 50.72 67.2 447.0
Standard deviation 0.28 2.4 5.8
Standard deviation /Mean (%) 0.5 3.6 1.3
RUN no. 13
Cicle no. T (°C) RH (%) C(mglL?)
980 49.8 73 666
984 49.9 72 688
985 50.0 67 682
986 50.0 71 674
987 49.9 79 662
Mean 49.93 72.4 674.5
Standard deviation 0.07 4.3 9.7
Standard deviation /Mean (%) 0.1 6.0 1.4
RUN no. 14
Cicle no. T (°C) RH (%) C(mglL?)
994 61.2 69 705
996 60.9 74 742
997 61.8 76 749
999 57.7 64 746
1001 58.8 72 745
Mean 60.08 71.0 738.4
Standard deviation 1.56 4.7 16.4
Standard deviation /Mean (%) 2.6 6.6 2.2
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Table B.1 (continued) Conditions attained for each run through each cycle experiment

RUN no. 15
Cicle no. T (°C) RH (%) C(mglL?)
1004 61.1 77 501
1005 63.8 78 478
1006 61.2 75 516
1007 62.1 74 504
1011 61.7 81 491
Mean 61.98 77.0 498.0
Standard deviation 0.98 2.7 12.8
Standard deviation /Mean (%) 1.6 3.6 2.6

For clarifying the experimental conditions attained, two examples of extreme conditions
(representative cycle of RUN 1 - high temperatures and low EO concentrations, and of
RUN 6 - low temperatures and high EO concentrations) are presented in the figures
bellow (Figures B.1.1 and B.1.2). The data demonstrated that temperature was constant
throughout equivalent time, U, for all cycles carried out. The cases presented are the
worse extreme situations. Since uniform temperature histories (from the first EO injection
until the end of the first exhaustion vacuum) were observed, the integration of

temperature change during the cycle is useless.
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70.0 -
65.0 U (s) T (°C)
RS I A S PO SR IR N . 0 63.0
60.0 - * . 120  63.0
240 63.5
55.0 - 360 63.7
c 480 63.8
& 5004 600  63.8
720 64.0
450 1 840  62.3
200 | 960 63.6
1080 63.6
350 4 1200 63.5
1320 62.6
30.0 ; ; ; ; ; ; ; ‘ ‘ 1440 61.6
0 200 400 600 800 1000 1200 1400 1600 1800 1560 61.0
1680 60.4
U (s)
Figure B.1.1 Temperature history through equivalent time for a
representative cycle of high temperatures and low EO concentrations
conditions.
U(s) T(°C)
0 29.2
65.0 120 29.4
240 29.3
60.0 - 360 29.7
480 29.9
55.0 1 600  30.1
720 30.3
20.0 1 840  30.6
O 450 960 30.9
- 1080 31.1
40.0 - 1200 31.3
1320 31.4
35.0 4 1440 31.6
e e O s 66000004, 1560 22.4
300400000’ 1680  31.9
1800 32.0
25.0 T T T T T 1 1920 32.1
0 500 1000 1500 2000 2500 3000 2040 32.2
U (s) 2160 32.3
2280 32.2
2400 32.1
Figure B.1.2. Temperature history through equivalent time for a 524218 313
representative cycle of low temperatures and high EO concentrations 2760 31:5

conditions.
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B.2 Enumeration of viable spores of B. subtilis

Table B.2.1 Enumeration of viable spores for cycles of RUN 1 condition

) §% §2% 2% %% &>o
o 8, 9©, 28, =3, Som N N N/No  log (N/No)
S} SE S%E SE K%E SEY
§ =& 285 x5 &E5 3=

4.91x10* 1.37x10% -0.8648

4.57x10*° 1.27x10% -0.8963

4.93x10*° 1.37x101 -0.8636

8.14x10* 2.26x1071 -0.6455

610 412 94 3 445 525.5 3.60x10° 8.29x10%° 2.30x101 -0.6380
8.29x10*° 2.30x10%1 -0.6380

6.86x10™° 1.90x10? -0.7202

6.14x10%° 1.71x10% -0.7679

6.57x10*°  1.83x107* -0.7386

1.11x10* 3.10x102 -1.5093

1.13x10*° 3.13x102 -1.5038

1.11x10*®  3.10x107 -1.5093

7.86x10** 2.18x107 -1.6610

625 397 90 224 434 729.5  3.60x10° 6.57x10** 1.83x1072 -1.7386
5.43x10** 1.51x107 -1.8216

8.86x10** 2.46x107 -1.6090

9.57x10** 2.66x107 -1.5753

8.29x10** 2.30x107 -1.6380

4.57x10** 1.27x1072 -1.8963

4.43x10** 1.23x107? -1.9100

4.86x10%"  1.35x10%? -1.8699

4.80x10** 1.33x107 -1.8751

626 382 90 282 395 760.5 3.60x10° 5.29x10** 1.47x102 -1.8332
5.16x10** 1.43x107? -1.8439

9.41x10** 2.62x107 -1.5825

9.46x10** 2.63x107 -1.5805

9.60x10** 2.67x107 -1.5740
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Table B.2.1 (continued) Enumeration of viable spores for cycles of RUN 1 condition

S S $>w £4 8% §>2
QC) 8:; gw@:)’ §B’ g:)’ E TT No N N/No log (N/No)
S SE E53E of £E SEvY
O S5 zZ085  ¥5 w s g+

1.14x10**  3.17x1073 -2.4983

7.86x10"*  2.18x107 -2.6610

7.71x10**  2.14x107 -2.6690

1.07x10**  2.98x1073 -2.5263

618 410 90 442 395 934.5 3.60x10° 1 57x10*  3.53x107 -2.4520
1.14x10**  3.17x1073 -2.4983

9.86x10*  2.74x1073 -2.5626

1.03x10**  2.86x1073 -2.5441

1.07x10**  2.98x1073 -2.5263

5.43x10*2  1.51x10™ -3.8216

5.00x10*2  1.39x10™ -3.8573

4.14x10%%  1.15x10™* -3.9390

7.00x10*?  1.94x10™ -3.7112

609 416 94 703 454 1232.0 3.60x10° 543x10*2 1.51x10% -3.8216
6.00x10*?  1.67x10™ -3.7782

5.57x10*?  1.55x10 -3.8103

6.71x10*?  1.87x10* -3.7293

7.14x10*?  1.98x10* -3.7024

7.14x10*?  1.98x10™* -3.7024

5.71x10*?  1.59x10™* -3.7993

3.00x10™2  8.33x107° -4.0792

5.29x10*2  1.47x10™ -3.8332

629 405 91 764 449 1282.0 3.60x10° 5.00x10%2 1.39x10 -3.8573
5.57x10"2  1.55x10™* -3.8103

5.86x10*2  1.63x10™* -3.7886

5.29x10*2  1.47x10* -3.8332

4,71x10**  1.31x10™ -3.8829
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Table B.2.1 (continued) Enumeration of viable spores for cycles of RUN 1 condition

. o) =

<] 0 s> = ® e oD

s ©Be 9%9 2% 89 Sgm N N N/No  log (N/No)

S 2E S>E ©SF SE SEY

§ g5 285 & EE 3=
5.71x10** 1.59x10°° -4.7993
4.29x10*! 1.19x107° -4.9243
1.43x10*! 3.97x10°® -5.4014
2.86x10™* 7.94x10° -5.1004

608 416 94 1020 430 1537.0 3.60x10° 1.43x10*! 3.97x10°¢ -5.4014
4.29x10*! 1.19x107° -4.9243
2.86x10™ 7.94x10° -5.1004
2.86x10™ 7.94x10° -5.1004
4.29x10*! 1.19x10° -4.9243
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Table B.2.2 Enumeration of viable spores for cycles of RUN 2 condition

) 5% 523 Y% #® 5o

s ©Bw By 23 Bz SS9z N N N/No  log (N/No)

S ZE E£>E CoF SE SEY

@) S5 Z 95 =] m s Fe
1.21x10*®  4.86x10* -0.3136
1.09x10*® 4.34x101 -0.3622
1.19x10%*® 4.74x101 -0.3240
1.41x10%*® 5.66x10! -0.2474

675 400 92 3 428 509.0 2.50x10°® 1.17x10%® 4.69x107! -0.3292
1.46x10%° 5.83x10* -0.2344
1.36x10%*° 5.43x10! -0.2653
1.10x10*®  4.40x10* -0.3565
1.13x10%® 4.51x10% -0.3454
7.29x10*°  3.31x107* -0.4800
6.00x10%° 2.73x101 -0.5643
6.57x10%° 2.99x101 -0.5248
8.00x10%° 3.64x10* -0.4393

338 441 95 407 405 925.0 2.20x10° 5.43x10*5 2.47x1071 -0.6077
6.14x10%° 2.79x10%1 -0.5541
7.43x10%° 3.38x10¢ -0.4715
7.00x10%° 3.18x10¢ -0.4973
8.71x10*° 3.96x10* -0.4022
5.86x10%° 2.34x1071 -0.6303
4.57x10%° 1.83x10% -0.7379
5.14x10*°  2.06x107* -0.6867
1.01x10*®  4.06x10* -0.3918

673 413 92 662 439 1180.0 2.50x10° 7.57x10%5 3.03x10! -0.5188
8.29x10*° 3.31x10* -0.4796
9.57x10%° 3.83x10* -0.4170
9.14x10*° 3.66x10* -0.4369
1.09x10%*® 4.34x101 -0.3622
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Table B.2.2 (continued) Enumeration of viable spores for cycles of RUN 2 condition

) 5§ S22 L% 8% &o

o B9 9t% 2% 24 Saom N N N/No  log (N/No)

© SE S%E SE K%E SEY

§ £ 28f (£ ZE 3=
3.29x10%° 1.31x101 -0.8813
3.06x10%° 1.22x10% -0.9126
3.46x10%° 1.38x101 -0.8592
3.36x10%° 1.34x101 -0.8720

552 374 101 840 452 1354.0 2.50x10° 3.13x10%° 1.25x101 -0.9026
2.97x10%° 1.19x101 -0.9250
2.86x10%° 1.14x10? -0.9420
3.29x10%° 1.31x10% -0.8813
2.84x10%° 1.14x10% -0.9442
1.33x10*° 5.31x1072 -1.2746
1.44x10%° 5.77x1072 -1.2387
1.69x10*° 6.74x107 -1.1712
1.83x10*° 7.31x107 -1.1358

669 416 91 1140 440 1659.0 2.50x10° 1.87x10%*° 7.49x1072 -1.1258
1.73x10*° 6.91x107 -1.1603
1.46x10*° 5.83x10%2 -1.2344
1.54x10*° 6.17x107 -1.2096
1.67x10*° 6.69x107 -1.1749
3.29x10** 2.05x107 -1.6875
4.43x10** 2.77x107 -1.5579
2.57x10** 1.61x107? -1.7939
5.43x10™ 3.39x102 -1.4694

346 378 96 1440 385 1917.5 1.60x10° 5.86x10** 3.66x102 -1.4364
4.43x10** 2.77x107 -1.5579
3.29x10** 2.05x107 -1.6875
2.86x10** 1.79x107? -1.7482
3.86x10™* 2.41x107 -1.6179
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Table B.2.2 (continued) Enumeration of viable spores for cycles of RUN 2 condition

) 5§ S22 L% 8% &o

o B9 9t% 2% 24 Saom N N N/No  log (N/No)

© SE S%E SE K%E SEY

§ £ 28f (£ ZE 3=
5.43x10"3 2.47x1073 -2.6077
6.29x10%3 2.86x1073 -2.5441
8.29x10%3 3.77x1073 -2.4241
8.43x10%3 3.83x1073 -2.4167

337 430 95 1800 398 2309.0 2.20x10° 6.86x10*3 3.12x1073 -2.5063
4.57x10%3 2.08x1073 -2.6824
7.29x10%3 3.31x10°3 -2.4800
4.43x10*3 2.01x1073 -2.6962
5.00x10*3 2.27x1073 -2.6435
2.36x10"3 9.43x10™* -3.0256
2.00x10%3 8.00x10™* -3.0969
2.16x10%3 8.63x10™* -3.0641
1.86x10*3 7.43x10™* -3.1291

554 349 102 2160 437 2655.0 2.50x10° 2.07x10*3 8.29x10°* -3.0817
1.69x10*3 6.74x10™* -3.1712
1.43x10*3 5.71x10* -3.2430
1.46x10%3 5.83x10™ -3.2344
1.71x10*3 6.86x10™ -3.1639
7.14x10%* 4.46x107° -4.3502
8.57x10*! 5.36x107° -4.2711
7.14x10%* 4.46x107 -4.3502
8.57x10*! 5.36x107° -4.2711

345 410 93 2520 388 3012.0 1.60x10° 1.14x10*2 7.14x107° -4.1461
1.14x10%? 7.14x10° -4.1461
1.14x10%? 7.14x10° -4.1461
1.00x10%*2 6.25x107° -4.2041
7.14x10%* 4.46x107° -4.3502
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Table B.2.2 (continued) Enumeration of viable spores for cycles of RUN 2 condition

. c - c — O - o~ =

E %T:’ fév’»ﬁf% 72 E% %z@ No N N/No  log (N/No)

§ EE £3f §E FE 35
1.43x10*! 5.71x10°® -5.2430
2.86x10™* 1.14x107° -4.9420
2.86x10™t 1.14x10° -4.9420
5.71x10%* 2.29x10° -4.6410

555 354 101 2940 434 3435.0 2.50x10° 4.29x10*! 1.71x107° -4.7659
2.86x10™* 1.14x10° -4.9420
1.43x10*! 5.71x10°® -5.2430
1.43x10*! 5.71x10°® -5.2430
4.29x10*! 1.71x107 -4.7659
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Table B.2.3 Enumeration of viable spores for cycles of RUN 3 condition

S S $>w £4 8% §>2
5 89 9ty 2% 8e Sam M N N/No  log (N/No)
S SE E53E of £E SEvY
O S5 zZ085  ¥5 w5 g*

8.14x10™  5.09x107 -0.2933

8.29x10"  5.18x10% -0.2858

8.86x10*°  5.54x10! -0.2568

8.14x10*>  5.09x10! -0.2933

370 385 95 2 329 454.0 1.60x10° g 71x10*° 4.20x10" -0.3771
8.29x10">  5.18x10% -0.2858

8.14x10"°  5.09x10! -0.2933

8.29x10*°  5.18x10! -0.2858

7.86x10™°  4.91x107* -0.3089

6.00x10">  3.75x10* -0.4260

5.71x10%5  3.57x107% -0.4472

7.71x10%5  4.82x1071 -0.3168

5.86x10*°  3.66x107! -0.4364

410 483 94 747 330 1247.5 1.60x10° 6.29x10*5 3.93x10! -0.4058
5.43x10%°  3.39x107! -0.4694

7.00x10%°  4.38x107! -0.3590

6.86x10%°  4.29x107* -0.3680

7.43x10%°  4.64x1071 -0.3332

4.57x10">  2.86x107! -0.5441

3.57x10%°  2.23x1071 -0.6513

5.00x10*°  3.13x107! -0.5051

5.14x10%5  3.21x107 -0.4929

367 386 95 1020 335 1475.5 1.60x10° 4.29x10*° 2.68x101 -0.5721
4.00x10*°  2.50x107! -0.6021

4.43x10%°  2.77x10! -0.5579

4.00x10*°  2.50x107! -0.6021

4.86x10"°  3.04x10! -0.5177
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Table B.2.3 (continued) Enumeration of viable spores for cycles of RUN 3 condition

S S $>w £4 8% §>2

s B9 S9t% 23 "o Sa% No N N/No log (N/No)

S SE E53E of £E SEvY

O S - s oP
2.06x10*°  1.29x10°! -0.8909
1.91x10*°  1.20x10? -0.9221
2.03x10%°  1.27x107 -0.8969
2.20x10%°  1.38x107 -0.8617

364 391 95 1620 330 2075.5 1.60x10° 2 14x10*°  1.34x10" -0.8731
2.11x10*°  1.32x10% -0.8790
1.91x10*®  1.20x10? -0.9221
2.03x10%°  1.27x107% -0.8969
2.04x10™°  1.28x107% -0.8939
4.49x10™*  2.80x1072 -1.5523
4.43x10™  2.77x1072 -1.5579
4.46x10™  2.79x107 -1.5551
4.26x10™  2.66x1072 -1.5750

362 389 95 2400 331 2855.0 1.60x10°  4.39%10*  2.74x1072 -1.5621
4.30x10**  2.69x1072 -1.5707
4.60x10*  2.88x1072 -1.5414
4.53x10*  2.83x1072 -1.5482
4.66x10™  2.91x1072 -1.5360
1.39x10**  8.66x1073 -2.0624
1.30x10**  8.13x1073 -2.0901
1.26x10**  7.86x1073 -2.1047
1.49x10**  9.29x10°3 -2.0322

360 462 93 2460 331 2949.5 1.60x10° 1.59x10+ 9.91x103 -2.0039
1.69x10**  1.05x107 -1.9773
1.23x10**  7.68x1073 -2.1147
2.20x10**  7.50x1073 -2.1249
1.27x10**  7.95x1073 -2.0998
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Table B.2.3 (continued) Enumeration of viable spores for cycles of RUN 3 condition

S §% §2% 2% %% &>o

s B9 S9t% 23 "o Sa% No N N/No log (N/No)

S SE S%E SE K%E SEY

§ 55 285 5 &5 3=
2.09x10%3 9.48x10™* -3.0232
2.40x10%3 1.09x1073 -2.9622
2.20x10%3 1.00x1073 -3.0000
2.04x10%3 9.29x10™* -3.0322

335 427 95 3540 337 4017.0 2.20x10° 1.99x10*3 9.03x10™ -3.0445
1.93x10*3 8.77x10™* -3.0572
2.16x10%3 9.81x10™* -3.0085
2.07x10%3 9.42x10™* -3.0262
1.93x10*3 8.77x10™* -3.0572
1.00x10*3 6.25x10™ -3.2041
1.14x10%*3 7.14x10™* -3.1461
1.00x10*3 6.25x10™ -3.2041
1.14x10%*3 7.14x10™* -3.1461

371 381 95 3720 315 4163.0 1.60x10° 1.43x10*3 8.93x10* -3.0492
1.71x10*3 1.07x1073 -2.9700
1.29x10*3 8.04x1073 -3.0950
1.19x10*3 7.41x10™* -3.1301
1.24x10*3 7.77x10™* -3.1097
4.86x10%? 1.94x10™* -3.7116
5.29x10%2 2.11x10™* -3.6748
5.71x10%2 2.29x10™* -3.6410
4.71x10%? 1.89x10™* -3.7245

516 394 101 4500 404 5000.0 2.50x10° 4.57x10*2 1.83x10™ -3.7379
5.43x10*?  2.17x10* -3.6633
5.29x10%2 2.11x10™* -3.6748
4.71x10%? 1.89x10™* -3.7245
4.57x10%? 1.83x10™* -3.7379
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Table B.2.3 (continued) Enumeration of viable spores for cycles of RUN 3 condition

C~ o~ O~ o~ €

E %% :'é-’»g% g% g% %z@ No N N/No  log (N/No)

§ fr fir ke g it
2.00x10"2 _ 8.00x10°  -4.0969
2.29x10"2  9.14x10°  -4.0389
1.86x10"?  7.43x10°  -4.1291
4.00x10%2  1.60x10*  -3.7959

545 396 116 4860 412  5380.0 2.50x10°  386x10%2  1.54x10“  -3.8117
3.29x10  1.31x10%  -3.8816
3.86x10"2  1.54x10%  -3.8117
4.29x102  1.71x10*  -3.7659
3.29x10  1.31x10%  -3.8813
8.57x10°"  3.43x10°  -4.4649
1.00x10"  4.00x10°  -4.3979
8.57x10""  3.43x10°  -4.4649
8.57x10""  3.43x10°  -4.4649

515 380 93 5400 394  5880.0 2.50x10° g 7x10*  3.43x10°  -4.4649
1.00x10">  4.00x10°  -4.3979
8.57x10*"  3.43x10°  -4.4649
8.57x10*"  3.43x10°  -4.4649
1.00x10">  4.00x10°  -4.3979
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Table B.2.4 Enumeration of viable spores for cycles of RUN 4 condition

S S $>w £4 8% §>2
s B9 S9t% 23 "o Sa% No N N/No log (N/No)
S SE E53E of £E SEvY
O S5 zZ085  ¥5 w5 g*

4.71x10">  1.89x10’! -0.7245

4.93x10*>  1.97x10! -0.7052

4.91x10"°  1.97x10! -0.7065

4.04x10"°  1.62x107! -0.7913

489 505 110 0 507 616.0  2.50x10°  4.63x10*°  1.85x10- -0.7325
4.44x10*°  1.78x107! -0.7503

4.09x10*>  1.63x107! -0.7867

4.24x10*°  1.70x10! -0.7703

3.94x10%°  1.58x107! -0.8021

2.57x10™°  1.03x10% -0.9878

2.79x10"°  1.11x10% -0.9530

2.49x10%5  9.94x107 -1.0025

2.61x10™  1.05x10% -0.9806

535 563 102 5 583 680.0 2.50x10° 2.49%x10%5 9.94x107? -1.0025
2.30x10*°  9.20x107 -1.0362

2.66x10%°  1.06x107*! -0.9735

2.81x10%°  1.13x107* -0.9486

2.80x10%°  1.12x107* -0.9508

1.54x10"°  4.29x1072 -1.3680

1.31x10"®  3.65x1072 -1.4376

1.57x10*°  4.37x10%2 -1.3600

1.43x10*°  3.97x10%2 -1.4014

597 640 106 90 588 810.0 3.60x10° 1.56x10*° 4.33x102 -1.3640
1.61x10*°  4.48x10%2 -1.3483

1.90x10*®  5.28x10732 -1.2775

1.54x10*°  4.29x10%2 -1.3680

1.84x10"®  5.12x10%2 -1.2908
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Table B.2.4 (continued) Enumeration of viable spores for cycles of RUN 4 condition

) 5§ S22 L% 8% &o
5 89 9ty 2% 8e Sam M N N/No  log (N/No)
© SE S%E SE K%E SEY
§ £ 28f (£ ZE 3=

2.43x10** 1.52x107? -1.8188

2.51x10** 1.57x107 -1.8037

2.33x10** 1.46x1072 -1.8370

2.16x10** 1.35x1072 -1.8702

449 652 94 211 548 905.0 1.60x10° 1.63x10* 1.02x102 -1.9923
1.51x10* 9.46x1073 -2.0239

2.51x10** 1.57x107 -1.8037

2.87x10** 1.79x1072 -1.7460

3.27x10** 2.04x107 -1.6894

4.29x10*3 2.68x107 -2.5721

3.71x10%3 2.32x1073 -2.6342

4.57x10%3 2.86x107 -2.5441

4.86x10*3 3.04x1073 -2.5177

450 669 94 392 552 1096.5 1.60x10° 4.71x10"3 2.95x1073 -2.5307
4.43x10*3 2.77x1073 -2.5579

5.00x10%3 3.13x10°3 -2.5051

4.71x10*3 2.95x1073 -2.5307

4.29x10*3 2.68x1073 -2.5721

3.23x10%3 1.29x1073 -2.8889

3.13x10%3 1.25x1073 -2.9026

3.04x10%3 1.22x1073 -2.9147

3.10x10"*  1.24x10° -2.9066

500 539 92 543 603 1206.0 2.50x10° 2.67x10%3 1.07x1073 -2.9712
3.13x10"3 1.25x10°3 -2.9026

3.04x10"3 1.22x1073 -2.9147

3.03x10%3 1.21x1073 -2.9167

2.60x10%3 1.04x1073 -2.9830
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Table B.2.4 (continued) Enumeration of viable spores for cycles of RUN 4 condition

S S $>w £4 8% §>2

o B9 9t% 2% 24 Saom N N N/No  log (N/No)

S SE E53E of £E SEvY

5 E5 285 s ds 3@
1.11x10**  4.46x10™* -3.3509
1.24x10**  4.97x10™* -3.3035
1.21x10**  4.86x10™* -3.3136
1.23x10**  4.91x10* -3.3085

512 554 89 721 616 1395.0 2.50x10° 1.20x10*3 4.80x10™* -3.3188
1.19x10%3  4.74x10™* -3.3240
1.21x10*>  4.86x10™* -3.3136
1.13x10*>  4.51x10* -3.3454
1.21x10**  4.86x10™* -3.3136
3.14x1072  1.26x10™* -3.9006
3.29x10*%  1.31x10™ -3.8813
2.14x10%2  8.57x107° -4,0669
1.86x10%2  7.43x107° -4,1291

546 560 102 899 628 1595.0 2.50x10° {.57%10*2  6.29x10° -4.2016
1.57x10*?  6.29x10°° -4,2016
3.29x10*?  1.31x10* -3.8813
1.86x10%?  7.43x107° -4,1291
3.00x10*?  1.20x10™* -3.9208
5.71x10*'  2.29x107° -4.6410
5.71x10*'  2.29x107° -4.6410
4.29x10*'  1.71x10°® -4.7659
2.86x10"'  1.14x107° -4.9420

501 507 91 1200 603 1846.0 2.50x10° 5.71x10*! 2.29x107° -4.6410
5.71x10*'  2.29x10° -4.6410
7.14x10*'  2.86x107° -4.5441
5.71x10*'  2.29x10° -4.6410
4,29x10*'  1.71x10°° -4,7659
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Table B.2.5 Enumeration of viable spores for cycles of RUN 5 condition

S S $>w £4 8% §>2
s B9 S9t% 23 "o Sa% No N N/No log (N/No)
S SE E53E of £E SEvY
O S5 zZ085  ¥5 w5 g*

5.71x10™  1.59x10% -0.7993

3.86x10*°  1.07x107! -0.9700

3.00x10%°  8.33x107 -1.0792

6.00x10%°  1.67x107! -0.7782

636 406 90 5 480 538.0 3.60x10° 6.57x10%° 1.83x10! -0.7386
6.00x10*°  1.67x107! -0.7782

5.14x10%°  1.43x107 -0.8451

5.00x10%°  1.39x107*! -0.8573

5.43x10*5  1.51x1071 -0.8216

8.86x10™*  2.46x107 -1.6090

8.14x10™  2.26x10%2 -1.6455

8.43x10™*  2.34x107 -1.6305

7.29x10%*  2.02x107 -1.6938

638 394 90 164 466 684.0 3.60x10° 9 71x10*  2.70x1072 -1.5689
7.14x10**  1.98x107 -1.7024

8.71x10™  2.42x10%2 -1.6161

9.86x10™  2.74x1072 -1.5626

8.14x10™  2.26x1072 -1.6455

2.17x10**  6.03x1073 -2.2196

2.26x10**  6.27x1073 -2.2027

2.14x10**  5.95x1073 -2.2253

2.40x10**  6.67x1073 -2.1761

633 413 91 315 500 862.5 3.60x10° 2.06x10** 5.71x1073 -2.2430
2.23x10**  6.19x1073 -2.2083

2.40x10**  6.67x1073 -2.1761

2.21x10**  6.15x1073 -2.2111

2.07x10**  5.75x1073 -2.2400
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Table B.2.5 (continued) Enumeration of viable spores for cycles of RUN 5 condition

) 5§ S22 L% 8% &o
o B9 9t% 2% 24 Saom N N N/No  log (N/No)
© SE S%E SE K%E SEY
§ g5 285 & EE 3=

7.86x10*?  2.18x10™ -3.6610

9.00x10%2 2.50x10™* -3.6021

9.57x10%2 2.66x10™ -3.5753

6.14x10%2 1.71x10™* -3.7679

631 387 91 604 446 1111.5 3.60x10° 7.29%10%2 2.02x10% -3.6938
9.71x10%**  2.70x10* -3.5689

8.14x10*? 2.26x10™* -3.6455

8.29x10*? 2.30x10™* -3.6380

8.29x10%? 2.30x10™* -3.6380

2.86x10%? 7.94x107° -4.1004

2.86x10%2 7.94x10° -4.1004

2.86x10%2 7.94x107° -4.1004

4.29x10%? 1.19x10™* -3.9243

634 400 91 757 500 1298.0 3.60x10° 4.29x10*2 1.19x10™* -3.9243
2.86x10%2 7.94x10° -4.1004

3.43x10%2 9.52x10° -4.0212

2.57x10%2 7.14x10° -4.1461

2.57x10%2 7.14x10° -4.1461

7.14x10%* 2.46x10° -4.6085

5.71x10** 1.97x107° -4.7054

1.00x10%*? 3.45x10°° -4.4624

1.29x10%? 4.43x107 -4.3533

689 427 89 900 467 1436.0 2.90x10° 7.14x10*1 2.46x107° -4.6085
7.14x10%* 2.46x107° -4.6085

7.14x10%* 2.46x107° -4.6085

7.14x10%* 2.46x107° -4.6085

8.57x10*! 2.96x10° -4.5293
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Table B.2.6 Enumeration of viable spores for cycles of RUN 6 condition

S S $>w £4 8% §>2
5 89 9ty 2% 8e Sam M N N/No  log (N/No)
S SE E53E of £E SEvY
O S5 zZ085  ¥5 w5 g*

7.00x10*°  4.38x107! -0.3590

7.29x10%5  4.55x1071 -0.3416

7.86x10%°  4.91x107* -0.3089

6.71x10%°  4.20x107! -0.3771

434 605 92 3 530 662.5 1.60x10° 6.00x10*° 3.75x10! -0.4260
7.29x10%5  4.55x107 -0.3416

7.29x10%°  4.55x107! -0.3416

7.57x10%°  4.73x107! -0.3249

8.71x10">  5.45x10% -0.2639

3.83x10%°  2.39x107! -0.6211

3.89x10%°  2.43x107! -0.6146

4.09x10">  2.55x10% -0.5929

3.26x10*5  2.04x1071 -0.6913

463 623 90 180 591 877.0 1.60x10° 3 10x10*°  1.94x10-" -0.7128
3.46x10%°  2.16x107* -0.6654

3.19x10%°  1.99x107* -0.7009

3.37x10%°  2.11x107* -0.6763

3.53x10%°  2.21x107* -0.6565

2.21x10*%°  8.86x107 -1.0527

2.46x10%°  9.83x107 -1.0075

2.13x10™°  8.51x107 -1.0669

1.93x10*°  7.71x10%2 -1.1127

471 560 88 420 538 1057.0 2.50x10° 2.11x10%5 8.46x1072 -1.0728
1.73x10*®  6.91x10%2 -1.1603

2.49x10%5  9.94x107 -1.0025

2.74x10%5  1.10x107 -0.9597

2.93x10%°  1.17x1071 -0.9313
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Table B.2.6 (continued) Enumeration of viable spores for cycles of RUN 6 condition

S S $>w £4 8% §>2

o B9 9t% 2% 24 Saom N N N/No  log (N/No)

S SE E53E of £E SEvY

O S5 zZ085  ¥5 w s g*
9.29x10**  3.71x1072 -1.4301
8.00x10™*  3.20x107 -1.4949
8.71x10**  3.49x107 -1.4577
1.01x10*°>  4.06x1072 -1.3918

483 592 85 548 540 1199.0 2.50x10° 1. 17x10*° 4.69x1072 -1.3292
1.10x10**  4.40x1032 -1.3565
1.30x10*°  5.20x1032 -1.2840
1.27x10*°  5.09x1032 -1.2936
1.46x10*°  5.83x1032 -1.2344
4.86x10"  1.94x1072 -1.7116
4.00x10**  1.60x1072 -1.7959
4.71x10*  1.89x1072 -1.7245
4.57x10**  1.83x1072 -1.7379

486 630 91 660 531 1331.5 2.50x10°  5.14x10** 2.06x1072 -1.6867
5.86x10**  2.34x107 -1.6303
6.29x10**  2.51x107 -1.5996
6.14x10**  2.46x107 -1.6096
5.57x10**  2.23x107 -1.6520
1.80x10**  7.20x1073 -2.1427
1.70x10**  6.80x1073 -2.1675
1.90x10**  7.60x1073 -2.1192
2.29x10**  9.14x1073 -2.0389

472 547 92 834 548 1473.5 2.50x10° 2.20x10** 8.80x1073 -2.0555
2.49x10**  9.94x1073 -2.0025
2.21x10**  8.86x1073 -2.0527
2.33x10**  9.31x1073 -2.0309
2.10x10**  8.40x107 -2.0757
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Table B.2.6 (continued) Enumeration of viable spores for cycles of RUN 6 condition

S S $>w £4 8% §>2
QC) 8:; gw@:)’ §B’ g:)’ E TT No N N/No log (N/No)
S SE E53E of £E SEvY
O S5 zZ085  ¥5 s oP

1.06x10**  4.23x1073 -2.3738

1.16x10**  4.63x1073 -2.3346

9.86x10*3  3.94x107 -2.4042

8.71x10*"  3.49x1073 -2.4577

518 584 105 900 607 1600.5 2.50x10° {.01x10* 4.06x107 -2.3918
8.29x10**  3.31x1073 -2.4796

1.33x10**  5.31x107 -2.2746

9.43x10**  3.77x1073 -2.4235

1.16x10**  4.63x1073 -2.3346

5.40x10™  2.16x107 -2.6655

4.90x10**  1.96x107 -2.7077

5.23x10*3  2.09x1073 -2.6796

5.14x10%3  2.06x1073 -2.6867

509 550 90 1140 590 1800.0 2.50x10°  534x10*3  2.14x107 -2.6702
5.20x10*3  2.08x1073 -2.6819

5.29x10*%  2.11x1073 -2.6748

5.19x10*3  2.07x1073 -2.6831

5.24x10%3  2.10x1073 -2.6784

1.51x10"®  9.46x10™ -3.0239

1.71x10*®  1.07x1073 -2.9700

1.57x10**  9.82x10™* -3.0078

2.34x10%%  1.46x1073 -2.8344

680 715 85 1260 601 2003.0 1.60x10° 2.21x10%3 1.38x1073 -2.8589
2.40x10%3 1.50x1073 -2.8239

2.06x10™  1.29x1073 -2.8909

2.09x10*3  1.30x1073 -2.8849

1.94x10"®  1.21x107 -2.9157
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Table B.2.6 (continued) Enumeration of viable spores for cycles of RUN 6 condition

) 5§ S22 L% 8% &o
o B9 9t% 2% 24 Saom N N N/No  log (N/No)
© SE S%E SE K%E SEY
§ g5 285 & EE 3=

4.86x10%2 3.04x10* -3.5177

4.00x10%2 2.50x10™* -3.6021

4.43x10%2 2.77x10™* -3.5579

6.00x10%2 3.75x10™* -3.4260

681 711 95 1500 599 2250.0 1.60x10° 5.29%x10%2 3.30x10* -3.4810
6.86x10%2 4.29x10* -3.3680

3.14x10%2 1.96x10™* -3.7068

3.57x10%2 2.23x10™* -3.6513

4.29x10%? 2.68x10™* -3.5721

1.29x10%**  8.04x10° -4.0950

1.14x10*? 7.14x10° -4.1461

1.57x10%? 9.82x107° -4.0078

1.00x10%*? 6.25x107° -4.2041

508 700 100 1800 580 2540.0 1.60x10° 7.14x10*t 4.46x10° -4.3502
1.43x10*? 8.93x10° -4.0492

1.29x10*? 8.04x10° -4.0950

1.00x10*? 6.25x10° -4.2041

1.14x10*? 7.14x10° -4.1461

5.71x10** 3.57x107° -4.4472

4.29x10*! 2.68x10° -4.5721

8.57x10*! 5.36x107° -4.2711

2.86x10™* 1.79x107° -4.7482

510 684 88 2100 560 2810.0 1.60x10° 7.14x10*? 4.46x107° -4.3502
5.71x10%* 3.57x10°° -4.4472

4.29x10*! 2.68x107° -4.5721

8.57x10*! 5.36x107° -4.2711

7.14x10%* 4.46x107° -4.3502
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Table B.2.6 (continued) Enumeration of viable spores for cycles of RUN 6 condition

. 1) €
o 5w ©2w 5@ ©w @©>
o 8, 9©, 28, =2, Som N N N/No  log (N/No)
< 2E S5%E gE KE SET
o S5 Z2°s gs ds 5=
1.43x10**  8.93x10° -5.0492
1.43x10**  8.93x10° -5.0492
2.86x10*'  1.79x107 -4.7482
4.29x10**  2.68x107° -4.5721
520 613 86 2220 575  2900.0 1.60x10° 143x10*! 8.93x10° -5.0492
2.86x10""  1.79x107° -4.7482
4.29x10**  2.68x107 -4.5721
5.71x10*!  3.57x107 -4.4472
2.86x10""  1.79x107° -4.7482
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Table B.2.7 Enumeration of viable spores for cycles of RUN 7 condition

S S $>w £4 8% §>2
o B9 9t% 2% 24 Saom N N N/No  log (N/No)
S SE E53E of £E SEvY
O S5 zZ085  ¥5 w5 g*

7.14x10*2  2.86x10™ -3.5441

7.29x10*2  2.91x10™ -3.5355

8.43x10"  3.37x10™ -3.4722

1.06x10"®  4.23x10™ -3.3738

649 532 89 2 651 682.5 2.50x10°  {.33x10*® 5.31x10* -3.2746
1.46x10*®  5.83x10™ -3.2344

1.69x10"®  6.74x10™ -3.1712

1.63x10"®  6.51x10™ -3.1861

1.53x10*®  6.11x10™ -3.2137

1.43x10*3  3.97x10™ -3.4014

1.49x10*®  4.13x10™ -3.3844

1.47x10**  4.09x10™* -3.3886

1.46x10*>  4.05x10™* -3.3928

648 577 88 20 641 717.0 3.60x10° 1.66x10*3 4.60x10™* -3.3369
1.61x10"®  4.48x10™ -3.3483

1.44x10"*  4.01x10* -3.3971

1.49x10"*  4.13x10™ -3.3844

1.74x10"®  4.84x10™ -3.3150

8.43x10™2  3.37x10™ -3.4722

5.43x10*2  2.17x10* -3.6633

4.86x10"2  1.94x10* -3.7116

7.43x10%2  2.97x10™ -3.5270

646 582 88 50 641 749.5 2.50x10° 1.00x10*3 4.00x10* -3.3979
5.00x10*2  2.00x10™ -3.6990

7.71x10™2  3.09x10™* -3.5106

7.43x10%2  2.97x10™ -3.5270

1.16x10"*  4.63x10™ -3.3346
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Table B.2.7 (continued) Enumeration of viable spores for cycles of RUN 7 condition

S §a §$5>% £4% 8% §>2
o 8, 9©, 28, =2, Som N N N/No  log (N/No)
S SE E53E of £E SEvY
O S5 zZ085  ¥5 s oP

3.14x1072  1.26x10™* -3.9006

5.00x10"2  2.00x10™ -3.6990

4.00x10*2  1.60x10™ -3.7959

4.14x10*2  1.66x10™ -3.7806

664 552 88 80 637 762.5 2.50x10° 3.57x10%2 1.43x10™ -3.8451
4.14x10%?  1.66x10™* -3.7806

3.43x10*2  1.37x10* -3.8628

3.29x10*2  1.31x10* -3.8813

3.86x10"2  1.54x10™ -3.8117

1.43x10*2  3.97x10° -4.4014

3.29x10"2  9.13x10° -4.0397

2.00x10"2  5.56x107 -4,2553

2.43x10*2  6.75x10° -4.1710

684 592 88 130 631 829.5 3.60x10° 5 29x10"2  6.35x10° -4.1973
1.71x10*?  4.76x10°® -4.3122

2.14x10*2  5.95x10° -4.2253

2.57x10%2  7.14x10° -4.1461

1.86x10*2  5.16x10° -4.2875

1.86x10*2  5.16x10° -4.2875

1.71.x10*?  4.76x10°® -4.,3222

1.86x10*2  5.16x107 -4.2875

1.29x10*2  3.57x10°S -4.4472

647 586 88 180 660 891.0 3.60x10° 1.14x10*2 3.17x10°° -4.4983
1.71x10*?  4.76x10°° -4.3222

2.86x10*1  7.94x10°® -5.1004

5.71x10*'  1.59x10°% -4.7993

2.00x10*2  5.56x10° -4.2553
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Table B.2.7 (continued) Enumeration of viable spores for cycles of RUN 7 condition

. 1) €

g 6@ ©3® 5@ B® &>

o 8, 9©, 28, =2, Som N N N/No  log (N/No)

< 2E S5%E gE KE SET

O S5 Z°85 % = g*=
1.43x10**  3.97x10°® -5.4014
4.29x10*'  1.19x10°  -4.9243
5.71x10*"  1.59x10°  -4.7993
4.29x10*'  1.19x10°  -4.9243

661 542 88 230 647  912.5 3.60x10°  420x10*!  1.19x10°  -4.9243
7.14x10%! 1.98x107° -4.7024
2.86x10*"  7.94x10°  -5.1004
2.86x10*"  7.94x10°  -5.1004
5.71x10%! 1.59x107° -4.7993
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Table B.2.8 Enumeration of viable spores for cycles of RUN 9 condition

) 5§ S22 L% 8% &o
s B9 S9t% 23 "o Sa% No N N/No log (N/No)
© SE S%E SE K%E SEY
§ £ 28f (£ ZE 3=

1.11x10%*® 3.84x10* -0.4154

1.06x10%® 3.65x10t -0.4383

9.71x10*° 3.35x10¢ -0.4750

1.23x10*®  4.24x10%* -0.3730

819 726 93 7 596 761.0 2.90x10° 1.17x10*®  4.04x10* -0.3937
1.09x10%® 3.74x10* -0.4267

8.43x10*° 2.91x10%1 -0.5366

1.03x10%*® 3.55x10 -0.4502

9.29x10*° 3.20x10* -0.4946

3.99x10%° 1.37x101 -0.8619

4.16x10*° 1.43x10% -0.8436

4.26x10%*°  1.47x10* -0.8333

4.47x10*° 1.54x10% -0.8120

824 785 94 245 591 1027.0 2.90x10° 4.41x10%° 1.52x101 -0.8175
4.60x10*° 1.59x10% -0.7996

3.83x10%° 1.32x101 -0.8794

4.06x10*° 1.40x10? -0.8542

4.20x10*° 1.45x10? -0.8391

1.60x10*° 5.52x10%2 -1.2583

1.46x10%° 5.02x10%2 -1.2989

1.40x10%° 4.83x107? -1.3163

2.14x10%° 7.39x107 -1.1314

816 726 94 489 596 1244.0 2.90x10° 2.73x10%5 9.41x107? -1.0265
2.43x10%° 8.37x107 -1.0770

2.04x10%° 7.04x107 -1.1522

1.81x10%° 6.26x107 -1.2037

2.27x10%° 7.83x107 -1.1061
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Table B.2.8 (continued) Enumeration of viable spores for cycles of RUN 9 condition

) §% §2% 2% %% &>o

s B9 S9t% 23 "o Sa% No N N/No log (N/No)

© SE S%E SE K%E SEY

§ g5 285 & EE 3=
5.14x10** 1.77x107 -1.7512
6.71x10** 2.32x107 -1.6354
4.86x10** 1.67x1072 -1.7760
5.86x10** 2.02x107 -1.6947

818 738 94 899 589 1656.5 2.90x10° 5.43x10** 1.87x102 -1.7277
6.29x10** 2.17x107 -1.6640
6.57x10** 2.27x107 -1.6447
4.71x10** 1.63x107 -1.7890
5.43x10** 1.87x107 -1.7277
4.29x10** 1.48x107? -1.8304
5.57x10** 1.92x107? -1.7164
6.71x10** 2.32x107 -1.6354
4.43x10** 1.53x107 -1.8161

873 744 94 900 631 1681.5 2.90x10° 3.00x10** 1.03x102 -1.9853
3.29x10** 1.13x107 -1.9458
2.71x10** 9.36x1073 -2.0287
2.43x10** 8.37x1073 -2.0770
3.43x10™* 1.18x107 -1.9273
4.71x10*3 1.63x1073 -2.7890
4.19x10*3 1.44x1073 -2.8406
4.36x10%3 1.50x1073 -2.8232
8.24x10%3 2.84x1073 -2.5463

817 751 93 1199 590 1962.5 2.90x10° 7.10x10%3 2.45x1073 26111
8.00x10%3 2.76x107 -2.5593
6.14x10"3 2.12x1073 -2.6740
7.43x10%3 2.56x107 -2.5915
8.14x10*3 2.81x1073 -2.5516
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Table B.2.8 (continued) Enumeration of viable spores for cycles of RUN 9 condition

) §% §2% 2% %% &>o
o B9 9t% 2% 24 Saom N N N/No  log (N/No)
© SE S%E SE K%E SEY
§ 55 285 5 &5 3=

4.16x10*3 1.43x1073 -2.8436

4.59x10*3 1.58x1073 -2.8010

4.83x10%3 1.67x1073 -2.7786

3.06x10%3 1.05x1073 -2.9771

869 719 96 1319 637 2093.0 2.90x10° 2.80x10%3 9.66x10™* -3.0152
2.71x10%3 9.36x10™* -3.0287

4.69x10*3 1.62x1073 -2.7916

4.19x10*3 1.44x1073 -2.8406

4.71x10*3 1.63x1073 -2.7890

1.11x10*3 3.84x10™* -3.4154

1.49x10*3 5.12x10* -3.2905

1.21x10*3 4.19x10™* -3.3781

7.14x10*?  2.46x10™ -3.6085

870 728 92 1619 638 2394.0 2.90x10° 6.86Xx10*2 2.36x10° -3.6263
1.00x10*3 3.45x10™ -3.4624

1.47x10*3 5.07x10* -3.2947

1.40x10*3 4.83x10™* -3.3163

1.17x10%*3 4.04x10™* -3.3937

6.14x10%2 2.12x10™* -3.6740

5.00x10%2 1.72x10™* -3.7634

6.57x10%2 2.27x10™* -3.6447

6.14x10%2 2.12x10™* -3.6740

871 712 92 1680 606 2431.0 2.90x10° 5.00x10%2 1.72x10™ -3.7634
4.57x10*  1.58x10™ -3.8023

5.71x10%2 1.97x10™* -3.7054

6.29x10%2 2.17x10™* -3.6640

6.57x10%2 2.27x10™* -3.6447

201



Appendix B

Appendix to Chapter 2

Table B.2.8 (continued) Enumeration of viable spores for cycles of RUN 9 condition

3 cC ~ [ ~ U~ =~ E

o o wn o >n S0 ® n o=

s Bs S%e 3 By Sgm Mo N N/No  log (N/No)

] 2E S>E ©SF SE SEY

O S5 Z°85 % = g*=
1.14x10*? 3.94x10°° -4.4044
1.14x10%? 3.94x10°° -4.4044
5.71x10%* 1.97x10° -4.7054
1.71x10%*? 5.91x10°° -4.2283

872 757 98 1980 645 2779.0 2.90x10° 1.14x10*2 3.94x10°° -4.4044
1.00x10%*? 3.45x10°® -4.4624
8.57x10*! 2.96x10° -4.5293
8.57x10*! 2.96x10° -4.5293
1.29x10%? 4.43x10° -4.3533
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Table B.2.9 Enumeration of viable spores for cycles of RUN 10 condition

S S $>w £4 8% §>2
o B9 9t% 2% 24 Saom N N N/No  log (N/No)
S SE E53E of £E SEvY
O S5 zZ085  ¥5 ws oP

1.57x10*®  5.42x10* -0.2661

1.57x10*®  5.42x10* -0.2661

2.00x10*¢  6.90x107*! -0.1614

1.77x10*®  6.11x107 -0.2141

807 661 94 3 531 693.0  2.90x10°  {.53x10*® 5.27x10" -0.2781
1.49x10*®  5.12x10% -0.2905

1.66x10"®  5.71x10* -0.2430

1.59x10*®  5.47x10* -0.2622

1.73x10*®  5.96x10* -0.2247

7.29x10™°  2.51x107 -0.5999

9.43x10*°  3.25x107! -0.4880

8.86x10*°  3.05x107% -0.5151

1.01x10*®  3.50x10% -0.4562

813 646 94 201 532 884.0 2.90x10° 8.57x10%° 2.96x101 -0.5293
9.86x10*°  3.40x10! -0.4686

8.86x10"°  3.05x107! -0.5151

9.57x10"°*  3.30x10! -0.4814

8.57x10"°  2.96x107! -0.5293

2.97x10%°  1.02x107° -0.9894

3.46x10%°  1.19x107* -0.9237

2.96x10%5  1.02x107 -0.9915

4.43x10*°  1.53x107! -0.8161

810 642 95 419 538 1104.0 2.90x10° 4.09x10%° 1.41x1071 -0.8511
4.40x10*°  1.52x107 -0.8189

4.71x10">  1.63x107" -0.7890

4.43x10*°  1.53x107! -0.8161

4.86x10"°  1.67x10! -0.7760
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Table B.2.9 (continued) Enumeration of viable spores for cycles of RUN 10 condition

S S $>w £4 8% §>2

o B9 9t% 2% 24 Saom N N N/No  log (N/No)

S SE E53E of £E SEvY

O S5 zZ085  ¥5 s oP
2.24x10">  7.73x1072 -1.1116
2.16x10%°  7.44x107? -1.1285
2.07x10%°  7.14x107? -1.1461
2.19x10%°  7.54x1072 -1.1228

809 633 95 593 527 1268.0 2.90x10°  {.91x10"°  6.60x107 -1.1804
1.90x10*°  6.55x1072 -1.1836
2.07x10%°  7.14x1072 -1.1461
2.13x10%°  7.34x1072 -1.1343
2.00x10"*  6.90x107 -1.1614
1.46x10*®  5.02x10%2 -1.2989
1.19x10*°  4.09x10%2 -1.3884
1.37x10*°  4.73x10%2 -1.3252
8.86x10™  3.05x1072 -1.5151

812 650 94 900 522 1580.0 2.90x10° {1 00x10*°  3.45x107 1.4624
1.34x10*°  4.63x1072 -1.3344
1.46x10*°  5.02x10%2 -1.2989
8.14x10*  2.81x1072 -1.5516
6.86x10™*  2.36x1072 -1.6263
2.01x10**  6.95x1073 -2.1583
2.06x10**  7.09x1073 -2.1491
2.09x10%**  7.19x1073 -2.1431
2.59x10™  8.92x1073 -2.0498

808 662 94 1200 529 1889.5 2.90x10° 3.00x10** 1.03x10%2 -1.9853
2.29x10**  7.88x1073 -2.1034
2.34x10**  8.08x1073 -2.0927
2.44x10**  8.42x1073 -2.0745
2.24x10**  7.73x1073 -2.1116
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Table B.2.9 (continued) Enumeration of viable spores for cycles of RUN 10 condition

S S $>w £4 8% §>2
s B9 S9t% 23 "o Sa% No N N/No log (N/No)
S SE E53E of £E SEvY
O S5 zZ085  ¥5 w5 g*

1.34x10"*  4.63x1073 -2.3344

1.51x10**  5.22x1073 -2.2822

1.60x10**  5.52x1073 -2.2583

1.46x10**  5.02x1073 -2.2989

815 635 95 1499 537 2180.0 2.90x10° 1 66x10**  5.71x103 -2.2430
1.73x10™*  5.96x1073 -2.2247

1.27x10**  4.38x1073 -2.3581

1.61x10**  5.57x1073 -2.2544

1.50x10™*  5.17x1073 -2.2863

2.89x10**  9.95x10™ -3.0021

2.40x10**  8.28x10™* -3.0822

2.53x10™®  8.72x10™* -3.0595

2.70x10™*  9.31x10™* -3.0310

814 646 94 1679 580 2386.0 2.90x10° 3.09x10*3 1.06x1073 -2.9730
4.33x10"*  1.49x1073 -2.8261

5.06x10*3  1.74x1073 -2.7585

5.34x10*3  1.84x1073 -2.7346

5.14x10**  1.77x1073 -2.7512

1.69x10"®  5.81x10™ -3.2356

1.89x10"*  6.50x10™ -3.1869

1.71x10*®  5.91x10™ -3.2283

1.14x10*®  3.94x10* -3.4044

874 652 94 1980 556 2678.0 2.90x10° 1.23x10*3 4.24x10™* -3.3730
1.54x10*®  5.32x10™ -3.2741

1.29x10**  4.43x10™* -3.3533

1.13x10**  3.89x10™* -3.4099

1.34x10"*  4.63x10™ -3.3344
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Table B.2.9 (continued) Enumeration of viable spores for cycles of RUN 10 condition

S S $>w £4 8% §>2

s By 232 33 2a Sgz M N N/No  log (N/No)

o LE LS>E ©oF SE SET

O S - ws o
2.86x10"2  9.85x10° -4.0065
2.14x10%2 7.39x10°° -4.1314
2.43x10*2  8.37x10° -4.0770
5.14x10**  1.77x10* -3.7512

875 647 95 2280 578  2987.5 2.90x10°  5.57x10*2  1.92x10% 3.7164
3.57x10"2  1.23x10™* -3.9096
3.86x10**  1.33x10* -3.8761
4.00x10**  1.38x10* -3.8603
3.29x10%2  1.13x10™* -3.9458
1.00x10%? 3.45x107 -4.4624
8.57x10**  2.96x10° -4.5293
5.71x10%* 1.97x107 -4,7054
1.71x10%? 5.91x107 -4.2283

876 651 94 2580 569  3284.0 2.90x10° {.57410"2  5.42x10° 4.2661
8.57x10**  2.96x10°° -4.5293
5.71x10*!  1.97x10° -4.7054
8.57x10**  2.96x10°° -4.5293
1.00x10*2  3.45x10° -4.4624
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Table B.2.10 Enumeration of viable spores for cycles of RUN 11 condition

S S $>w £4 8% §>2
o 8, 9©, 28, =2, Som N N N/No  log (N/No)
S SE E53E of £E SEvY
] S5 zZ085  ¥5 w s g*

1.17x10*®  4.04x10* -0.3937

1.30x10*®  4.48x10% -0.3485

1.13x10*®  3.89x107* -0.4099

1.21x10*®  4.19x10* -0.3781

847 346 78 0 498 500.0 2.90x10° g9 14x10*° 3.15x10 -0.5013
9.86x10*°  3.40x107! -0.4686

1.46x10*®  5.02x10* -0.2989

1.50x10*®  5.17x10* -0.2863

1.27x10*®  4.38x10% -0.3581

6.71x10"5  2.32x107 -0.6354

1.04x10*®  3.60x10* -0.4442

9.00x10*°  3.10x10! -0.5082

8.00x10*°  2.76x107! -0.5593

856 421 89 30 551 605.0 2.90x10°  7.00x10*° 2.41x10" -0.6173
7.14x10*°  2.46x107* -0.6085

7.43x10*°  2.56x107* -0.5915

7.00x10*°  2.41x107* -0.6173

7.14x10*°  2.46x107* -0.6085

2.30x10*°  7.93x107 -1.1007

2.47x10*°  8.52x107 -1.0694

2.23x10*5  7.68x1072 -1.1144

2.93x10"5  1.01x1071 -0.9957

855 416 94 240 520 802.0 2.90x10° 2.51x10%5 8.67x1072 -1.0620
2.60x10*5  8.97x1072 -1.0474

1.94x10**  6.70x1032 -1.1740

2.43x10%5  8.37x107 -1.0770

2.07x10*°  7.14x107 -1.1461
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Table B.2.10 (continued) Enumeration of viable spores for cycles of RUN 11 condition

S S $>w £4 8% §>2

5 89 9ty 2% 8e Sam M N N/No  log (N/No)

S SE E53E of £E SEvY

O S5 zZ085  ¥5 s oP
4.86x10™ 1.67+x102 -1.7760
4.57x10™  1.58x10%2 -1.8023
5.14x10"*  1.77x1072 -1.7512
5.86x10™*  2.02x1072 -1.6947

839 421 95 360 543 937.0  2.90x10° 5.gex10™  2.02x107 -1.6947
5.57x10%*  1.92x107 -1.7164
5.71x10**  1.97x1072 -1.7054
5.43x10**  1.87x1072 -1.7277
5.43x10**  1.87x107 -1.7277
1.27x10**  4.38x1073 -2.3581
1.37x10**  4.73x1073 -2.3252
1.09x10**  3.74x1073 -2.4267
1.36x10**  4.68x1073 -2.3298

849 391 95 597 533 1154.0 2.90x10° 1 60x10**  5.52x107 -2.2583
1.41x10**  4.88x1073 -2.3119
1.23x10**  4.24x1073 -2.3730
1.00x10**  3.45x1073 -2.4624
1.07x10**  3.69x1073 -2.4324
2.27x10"  7.83x10* -3.1061
2.89x10**  9.95x10* -3.0021
2.80x10"*  9.66x10™ -3.0152
2.64x10**  9.11x10™ -3.0403

838 414 94 899 530 1465.0 2.90x10° 2.74x10%3 9.46x10* -3.0242
2.56x10"*  8.82x10™ -30546
2.61x10™  9.01x10™* -3.0450
2.97x10*%  1.02x1073 -2.9894
2.39x10*3  8.23x10* -3.0848
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Table B.2.10 (continued) Enumeration of viable spores for cycles of RUN 11 condition

S S $>w £4 8% §>2

5 89 9ty 2% 8e Sam M N N/No  log (N/No)

o] SE LS£2E o€ SE SEY

O S5 z0°05 Fs s oW
6.00x1072  2.07x10° -3.6842
6.57x10%2 2.27x10% -3.6447
4.00x10*2  1.38x10° -3.8603
5.14x10*?  1.77x10* -3.7512

848 343 94 1199 520  1724.5 2.90x10° 3 71x10*2  1.28x10% 3.8925
5.00x10*2  1.72x10% -3.7634
4.57x10*2  1.58x10° -3.8023
5.00x10*2  1.72x10* -3.7634
5.57x10%2 1.92x10* -3.7164
1.29x10"2  4.43x10° -4.3533
1.43x10*2  4.93x10°° -4.3075
1.71x10%? 5.91x10° -4.2283
1.14x10%2 3.94x10° -4.4044

851 392 94 1199 510  1744.0 2.90x10° 3 00x10*2  6.90x10° 41614
1.71x10"  5.91x10° -4.2283
1.00x10"2  3.45x10° -4.4624
2.86x10*2  9.85x10°° -4.0065
1.43x10"  4.93x10° -4.3075
7.14x10"T  2.46x10° -4.6085
4.29x10*'  1.48x10°° -4.8304
4.29x10*'  1.48x10°° -4.8304
7.14x10**  2.46x10°° -4.6085

854 390 92 1440 506 1980.0 2.90x10° 8.57x10*! 2.96x107° -4.5293
1.14x10%? 3.94x107° -4.4044
8.57x10"!  2.96x10° -4.5293
5.71x10*! 1.97x107 -4.7054
1.43x10"2  4.93x10° -4.3075
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Table B.2.11 Enumeration of viable spores for cycles of RUN 12 condition

S S $>w £4 8% §>2

o B9 9t% 2% 24 Saom N N N/No  log (N/No)

o] SE LS£2E o€ SE SEY

O S5 z0°05 Fs us  gw
7.00x10** 2.41x107? -1.6173
6.43x10*  2.22x1072 -1.6543
7.71x10**  2.66x102 -1.5751
8.71x10™  3.00x1072 -1.5222

991 617 94 4 521 667.0 2.90x10° 7 00x10**  2.41x102 1.6173
6.71x10**  2.32x107 -1.6354
5.20x10**  1.82x10% -1.7393
4.29x10"*  1.48x1072 -1.8304
4.86x10** 1.67x1072 -1.7760
2.33x10"*  8.03x107 -2.0953
2.34x10*  8.08x107 -2.0927
2.64x10**  9.11x107 -2.0403
2.66x10"  9.16x107 -2.0380

993 611 94 150 532 815.5 2.90x10° 2 43x10"  8.37x10° -2.0770
2.31x10**  7.98x10° -2.0980
2.43x10**  8.37x10° -2.0770
2.30x10**  7.93x10° -2.1007
2.57x10**  8.87x10° -2.0522
4.06x10"  1.40x107 -2.8542
3.89x10*3  1.34x10° -2.8729
4.43x10%3 1.53x1073 -2.8161
4.84x10%3 1.67x1073 -2.7773

992 633 94 300 569 995.0 2.90x10° 4.51x10*3 1.56x1073 -2.8078
4.74x10%3 1.64x1073 -2.7864
4.43x10%3 1.53x1073 -2.8161
4.24x10%3 1.46x1073 -2.8347
4.09x10"3  1.41x107 -2.8511
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Table B.2.11 (continued) Enumeration of viable spores for cycles of RUN 12 condition

c o~ c oo~ 0~ oo~ =

E %% :'é-’»g% g% g% %z@ No N N/No  log (N/No)

3§ EE 285 FE zf 35
3.57x10**  1.23x10* -3.9096
2.86x10%2  9.85x107° -4.0065
4.43x10*2  1.53x10* -3.8161
3.14x10*2  1.08x10* -3.9651

989 632 94 601 546 1284.0 2.90x10°  3.43x10*2  1.18x10% -3.9273
3.86x10*?  1.33x10™ -3.8761
5.00x10*2  1.72x10* -3.7634
4,00x10*2  1.38x10* -3.8603
4.57x10*%  1.58x10™* -3.8023
7.14x10%  2.46x10° -4.6085
8.57x10**  2.96x10°° -4.5293
5.71x10**  1.97x10° -4.7054
4,29x10**  1.48x10° -4.8304

988 636 94 799 496 1459.0 2.90x10°  4.29x10*  1.48x10° -4.8304
7.14x10**  2.46x10° -4.6085
8.57x10**  2.96x10° -4.5293
5.71x10**  1.97x10° -4.7054
2.86x10*'  9.85x10° -5.0065
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Table B.2.12 Enumeration of viable spores for cycles of RUN 13 condition

S S $>w £4 8% §>2
s B9 S9t% 23 "o Sa% No N N/No log (N/No)
S SE E53E of £E SEvY
O S5 zZ085  ¥5 w5 g*

8.14x10"*  2.81x10° -2.5516

9.00x10*  3.10x1073 -2.5082

9.71x10**  3.35x1073 -2.4750

9.43x10**  3.25x1073 -2.4880

984 632 96 2 640 734.0  2.90x10° 9 43x10**  3.25x107 -2.4880
1.06x10**  3.65x1073 -2.4383

8.14x10"*  2.81x1073 -2.5516

8.29x10*3  2.86x107 -2.5441

9.29x10**  3.20x107 -2.4946

1.29x10*  4.43x10™* -3.3533

1.26x10**  4.33x10™* -3.3630

1.33x10"®  4.58x10™ -3.3390

1.17x10*®  4.04x10™ -3.3937

985 644 94 206 634 939.0 2.90x10° 1.26x10*3 4.33x10™* -3.3630
1.34x10"*  4.63x10™ -3.3344

1.19x10"®  4.09x10™ -3.3884

1.13x10"*  3.89x10™ -3.4099

1.00x10"*  3.45x10™ -3.4624

4.86x10"2  1.67x10™ -3.7760

3.71x10*2  1.28x10™ -3.8925

3.43x10*2  1.18x10™ -3.9273

4.00x10*>  1.38x10™ -3.8603

986 634 96 327 646 1063.0 2.90x10° 5.14x10%2 1.77x107* -3.7512
4.43x10*2  1.53x10™ -3.8161

3.57x10"2  1.23x10™* -3.9096

3.29x10"2  1.13x10™* -3.9458

2.14x10*2  7.39x10° -4.1314
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Table B.2.12 (continued) Enumeration of viable spores for cycles of RUN 13 condition

c o~ c oo~ 0~ oo~ =

E %% :'é-’»g% g% g% %z@ No N N/No  log (N/No)

§ B ciE gE BE E
1.14x10"2  3.94x10°  -4.4044
1.00x10*2  3.45x10°  -4.4624
1.57x10*2  5.42x10°  -4.2661
1.57x10*2  5.42x10°  -4.2661

980 607 95 397 641  1116.0 2.90x10° 5 145102  7.39x10°  -4.1314
1.57x10*2  5.42x10°  -4.2661
1.43x10*2  4.93x10°  -4.3075
1.00x10*2  3.45x10°  -4.4624
8.57x10"1  2.96x10°  -4.5293
2.86x10""  9.85x10°  -5.0065
1.43x10**  4.93x10° -5.3075
2.86x10*!  9.85x10®  -5.0065
5.71x10*'  1.97x10°  -4.7054

987 607 95 547 631  1261.0 2.90x10° 429410  1.48¢x10°  -4.8304
4.29x10""  1.48x10°  -4.8304
2.86x10*!  9.85x10°  -5.0065
4.29x10""  1.48x105  -4.8304
8.57x10"  2.96x10°  -4.5293
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Table B.2.13 Enumeration of viable spores for cycles of RUN 14 condition

S S $>w £4 8% §>2
s B9 S9t% 23 "o Soa No N N/No log (N/No)
S SE E53E of £E SEvY
O S5 zZ085  ¥5 w5 g*
1.43x10**  4.93x10™* -3.3075
1.43x10**  4.93x10™* -3.3075
8.57x10"  2.96x10™ -3.5293
1.00x10"®  3.45x10™ -3.4624
994 596 91 1 676 728.0 2.90x10° 1.14x10*3 3.94x10* -3.4044
5.71x10*2  1.97x10* -3.7054
1.29x10"®  4.43x10™ -3.3533
1.29x10"®  4.43x10™ -3.3533
7.14x1072  2.46x10™* -3.6085
4.00x10*2  1.38x10™ -3.8603
4.57x10%%  1.58x10™* -3.8023
3.57x10"2  1.23x10™* -3.9096
2.57x10*2  8.87x10° -4.0522
1001 580 94 40 712 780.0 2.90x10° 2.86x10*2 9.85x107° -4.0065
3.29x10*2  1.13x10™ -3.9458
4.14x10"2  1.43x10™ -3.8451
4.57x10"2  1.58x10™ -3.8023
5.00x10*2  1.72x10* -3.7634
3.14x10*2  1.08x10™ -3.9651
2.29x10*2  7.88x107 -4.1034
1.71x10"2  5.91x10°° -4.2283
3.57x10"2  1.23x10™* -3.9096
999 643 94 60 700 825.5 2.90x10° 3.00x10%2 1.03x10™ -3.9853
2.71x10*2  9.36x10° -4.0287
2.43x10*2  8.37x10° -4.0770
2.57x10*2  8.87x10° -4.0522
1.43x10"2  4.93x10°° -4.3075
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Table B.2.13 (continued) Enumeration of viable spores for cycles of RUN 14 condition

C~ Co~ O~ s~ €

E %% :'é-’»g% g% g% %z@ No N N/No  log (N/No)

§ BE Rt gt 5t Gf
1.43x10*>  4.93x107° -4.3075
1.14x10%? 3.94x10°® -4.4044
1.86x10"*  6.40x10° -4.1936
7.14x10**  2.46x107° -4.6085

997 640 95 122 681 877.5 2.90x10° g s57x10*! 2.96x10° -4.5293
5.71x10** 1.97x10°® -4.7054
1.00x10**  3.45x10°® -4.4624
8.57x10*'  2.96x10°® -4.5293
5.71x10** 1.97x10°® -4.7054
7.14x10"*  2.46x107° -4.6085
1.00x10%2 3.45x10°® -4.4624
4.29x10** 1.48x107° -4.8304
5.71x10** 1.97x10°® -4.7054

996 639 95 160 710 929.5 2.90x10° 2.86x10*! 9.85x10° -5.0065
5.71x10** 1.97x10°® -4.7054
4.29x10** 1.48x10°° -4.8304
5.71x10** 1.97x10°® -4.7054
4.29x10** 1.48x10°® -4.8304
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Table B.2.14 Enumeration of viable spores for cycles of RUN 15 condition

) 5§ S22 L% 8% &o
5 89 9ty 2% 8e Sam M N N/No  log (N/No)
© SE S%E SE K%E SEY
@) S5 Z 05 S5 s o
4.67x10%3 4.67x1073 -2.3306
4.89x10%3 4.89x1073 -2.3111
4.79x10%3 4.79x1073 -2.3201
3.33x10%3 3.33x10°3 -2.4777
1005 457 84 1 731 679.0 1.00x10° 3.56x10*3 3.56x1073 -2.4489
3.51x10%3 3.51x1073 -2.4542
3.00x10%3 3.00x10°3 -2.5229
3.19x10%3 3.19x10°3 -2.4968
3.19x10%3 3.19x10°3 -2.4968
2.03x10"3 2.03x107 -2.6928
1.64x10%3 1.64x1073 -2.7844
1.86x10*3 1.86x107 -2.7312
2.43x10"3 2.43x1073 -2.6146
1007 536 92 15 790 770.0 1.00x10° 2.17x10*3 2.17x1073 -2.6633
2.07x10%3 2.07x1073 -2.6837
1.40x10*3 1.40x1073 -2.8539
1.16x10%*3 1.16x1073 -2.9366
1.29x10*3 1.29x1073 -2.8909
1.04x10*3 1.04x1073 -2.9818
9.57x10*? 9.57x10™* -3.0190
1.09x10%3 1.09x10°3 -2.9643
8.57x10%?  8.57x10™ -3.0669
1006 539 95 81 793 842.0 1.00x10° 8.29x10*2 8.29x10* -3.0817
8.57x10%%  8.57x10™ -3.0669
6.86x10%2 6.86x10™ -3.1639
5.57x10%2 5.57x10* -3.2540
6.29x10%2 6.29x10™* -3.2016
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Table B.2.14 (continued) Enumeration of viable spores for cycles of RUN 15 condition

C~ S~ U~ s~ €

E %% :'é-’»g% g% g% %z@ No N N/No  log (N/No)

g 2F fiEogE §E if
1.00x10*>  1.00x10™* -4.0000
1.57x10%? 1.57x10™ -3.8037
1.29x10%? 1.29x10* -3.8909
1.29x10%? 1.29x10* -3.8909

1004 492 93 230 762 950.0 1.00x10° 2.00x10*2 2.00x10* -3.6990
1.71x10%2 1.71x10™ -3.7659
1.00x10*? 1.00x10™* -4.0000
1.71x10%? 1.71x10* -3.7659
1.43x10%2 1.43x10™ -3.8451
1.43x10%! 1.43x10°® -4.8451
1.43x10%! 1.43x10°® -4.8451
2.86x10**  2.86x107° -4.5441
5.71x10**  5.71x107° -4.2430

1011 497 94 330 795 1070.0 1.00x10° 5.71x10*' 5.71x10° -4.2430
2.86x10**  2.86x107° -4.5441
4.29x10*'  4.29x10°® -4.3680
1.43x10%! 1.43x10°® -4.8451
2.86x10"*  2.86x107° -4.5441
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B.3 Results of B. subtilis inactivation, as predicted by the Gompertz model and

by the model expressed only in terms of the relevant process variables

Table B.3.1 Predicted results of B.subtilis inactivation by the Gompertz model (eq. 2.1)

and by the model that integrated process conditions (eq. 2.5) for cycles of RUN 1

N

N log— (eq. 2.5

Time (s) |09N— (eq. 2.1) gNo (ea )
0

T (°C) = 59.50 T (°C) = 61.88 T (°C) = 57.12

C(mgL')=2325 C(mglL?)=2651 C(mgL?) =200.0

0 -0.0420 -0.0826 -0.1325 -0.0525
100 -0.0924 -0.1639 -0.2609 -0.1031
200 -0.1804 -0.2930 -0.4583 -0.1847
300 -0.3182 -0.4794 -0.7325 -0.3056
400 -0.5147 -0.7280 -1.0821 -0.4723
500 -0.7737 -1.0376 -1.4974 -0.6879
600 -1.0932 -1.4013 -1.9621 -0.9520
700 -1.4655 -1.8080 -2.4571 -1.2606
800 -1.8789 -2.2441 -2.9630 -1.6066
900 -2.3194 -2.6956 -3.4625 -1.9812
1000 -2.7730 -3.1489 -3.9419 -2.3744
1100 -3.2263 -3.5926 -4.3911 -2.7765
1200 -3.6683 -4.0176 -4.8037 -3.1783
1300 -4.0901 -4.4172 -5.1765 -3.5720
1400 -4.4854 -4.7871 -5.5087 -3.9512
1500 -4.8504 -5.1250 -5.8014 -4.3111
1600 -5.1830 -5.4302 -6.0568 -4.6483
1700 -5.4829 -5.7032 -6.2779 -4.9608
1800 -5.7506 -5.9455 -6.4681 -5.2477
1900 -5.9878 -6.1590 -6.6307 -5.5089
2000 -6.1965 -6.3461 -6.7692 -5.7450
2100 -6.3792 -6.5092 -6.8866 -5.9571
2200 -6.5383 -6.6508 -6.9859 -6.1467
2300 -6.6763 -6.7733 -7.0696 -6.3153
2400 -6.7955 -6.8790 -7.1401 -6.4647
2500 -6.8983 -6.9699 -7.1992 -6.5966
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Table B.3.1 (continued) Predicted results of B.subtilis inactivarion by the Gompertz

model (eq. 2.1) and by the model that integrated process conditions (eq. 2.5) for cycles

of RUN 1
N Ioc_:Jﬂ (eq. 2.5)
Time (s) log— (eq. 2.1) No t
No
T (°C) = 59.50 T (°C) = 61.88 T(°C) = 57.12
C(mgL')=232.5 C(mglL') =2651 C(mgL?) =200.0
2600 -6.9867 -7.0480 -7.2488 -6.7128
2700 -7.0625 -7.1148 -7.2904 -6.8148
2800 -7.1274 -7.1720 -7.3251 -6.9042
2900 -7.1828 -7.2209 -7.3542 -6.9824
3000 -7.2302 -7.2626 -7.3784 -7.0506
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Table B.3.2 Predicted results of B.subtilis inactivarion by the Gompertz model (eq. 2.1)

and by the model that integrated process conditions (eq. 2.5) for cycles of RUN 2

N
N log— (eq. 2.5)
Time (s) Iogm (eq. 2.1) Ng

T (°C) = 43.65 T (°C) = 45.40 T (°C) = 41.90

C(mgL')=257.0 C(mglL?')=293.0 C(mglL?) =221.0

0 -0.0322 -0.0385 -0.0331 -0.0490
100 -0.0452 -0.0575 -0.0537 -0.0671
200 -0.0622 -0.0833 -0.0836 -0.0900
300 -0.0839 -0.1172 -0.1251 -0.1187
400 -0.1111 -0.1608 -0.1805 -0.1538
500 -0.1445 -0.2153 -0.2521 -0.1960
600 -0.1850 -0.2820 -0.3416 -0.2462
700 -0.2331 -0.3619 -0.4505 -0.3047
800 -0.2895 -0.4557 -0.5796 -0.3722
900 -0.3547 -0.5638 -0.7290 -0.4490
1000 -0.4292 -0.6863 -0.8983 -0.5354
1100 -0.5131 -0.8231 -1.0863 -0.6314
1200 -0.6067 -0.9736 -1.2916 -0.7369
1300 -0.7098 -1.1371 -1.5120 -0.8519
1400 -0.8224 -1.3124 -1.7452 -0.9758
1500 -0.9441 -1.4983 -1.9887 -1.1084
1600 -1.0745 -1.6934 -2.2398 -1.2490
1700 -1.2131 -1.8962 -2.4959 -1.3970
1800 -1.3593 -2.1051 -2.7544 -1.5517
1900 -1.5123 -2.3185 -3.0130 -1.7122
2000 -1.6713 -2.5349 -3.2695 -1.8777
2100 -1.8356 -2.7527 -3.5219 -2.0473
2200 -2.0042 -2.9706 -3.7686 -2.2203
2300 -2.1763 -3.1873 -4.0083 -2.3957
2400 -2.3512 -3.4015 -4.2397 -2.5728
2500 -2.5278 -3.6121 -4.4619 -2.7506
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Table B.3.2 (continued) Predicted results of B.subtilis inactivarion by the Gompertz

model (eq. 2.1) and by the model that integrated process conditions (eq. 2.5) for cycles

of RUN 2
N Iogﬁ (eq. 2.5)
Time (s) Iogm (eq. 2.1) Ng

T (°C) = 43.65 T (°C) = 45.40 T (°C) = 41.90

C(mgL?) =257.0 C(mglL')=293.0 C(mgL?')=221.0
2600 -2.7054 -3.8184 -4.6744 -2.9284
2700 -2.8833 -4.0194 -4.8766 -3.1056
2800 -3.0606 -4.2146 -5.0683 -3.2815
2900 -3.2368 -4.4033 -5.2494 -3.4554
3000 -3.4112 -4.5852 -5.4199 -3.6268
3100 -3.5832 -4.7599 -5.5799 -3.7952
3200 -3.7523 -4.9273 -5.7297 -3.9602
3300 -3.9181 -5.0872 -5.8696 -4.1213
3400 -4.0803 -5.2395 -5.9999 -4.2784
3500 -4.2383 -5.3843 -6.1210 -4.4311
3600 -4.3921 -5.5216 -6.2334 -4.5792
3700 -4.5413 -5.6517 -6.3376 -4.7225
3800 -4.6859 -5.7745 -6.4339 -4.8609
3900 -4.8255 -5.8904 -6.5229 -4.9944
4000 -4.9602 -5.9996 -6.6049 -5.1229
4100 -5.0900 -6.1022 -6.6806 -5.2464
4200 -5.2147 -6.1986 -6.7502 -5.3648
4300 -5.3344 -6.2891 -6.8142 -5.4783
4400 -5.4491 -6.3738 -6.8729 -5.5868
4500 -5.5589 -6.4531 -6.9269 -5.6905
4600 -5.6638 -6.5273 -6.9764 -5.7895
4700 -5.7640 -6.5966 -7.0218 -5.8839
4800 -5.8595 -6.6612 -7.0633 -5.9738
4900 -5.9505 -6.7215 -7.1014 -6.0593
5000 -6.0372 -6.7778 -7.1362 -6.1406
5100 -6.1195 -6.8301 -7.1681 -6.2178
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Table B.3.2 (continued) Predicted results of B.subtilis inactivarion by the Gompertz

model (eq. 2.1) and by the model that integrated process conditions (eq. 2.5) for cycles

of RUN 2
N Iogﬁ (eq. 2.5)
Time (s) Iogm (eq. 2.1) Ng

T (°C) = 43.65 T (°C) = 45.40 T (°C) = 41.90

C(mgL?) =257.0 C(mglL')=293.0 C(mgL?')=221.0
5200 -6.1977 -6.8789 -7.1972 -6.2910
5300 -6.2720 -6.9242 -7.2238 -6.3605
5400 -6.3424 -6.9664 -7.2481 -6.4263
5500 -6.4092 -7.0056 -7.2703 -6.4886
5600 -6.4724 -7.0420 -7.2906 -6.5476
5700 -6.5322 -7.0758 -7.3091 -6.6034
5800 -6.5888 -7.1072 -7.3260 -6.6561
5900 -6.6423 -7.1363 -7.3415 -6.7059
6000 -6.6929 -7.1633 -7.3555 -6.7530
6100 -6.7406 -7.1884 -7.3683 -6.7974
6200 -6.7857 -7.2116 -7.3800 -6.8393
6300 -6.8282 -7.2331 -7.3907 -6.8788
6400 -6.8684 -7.2531 -7.4004 -6.9161
6500 -6.9062 -7.2715 -7.4093 -6.9512
6600 -6.9419 -7.2887 -7.4174 -6.9842
6700 -6.9755 -7.3045 -7.4247 -7.0154
6800 -7.0071 -7.3192 -7.4315 -7.0447
6900 -7.0369 -7.3328 -7.4376 -7.0723
7000 -7.0650 -7.3453 -7.4431 -7.0983
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Table B.3.3 Predicted results of B.subtilis inactivarion by the Gompertz model (eq. 2.1)

and by the model that integrated process conditions (eq. 2.5) for cycles of RUN 3

N
N log— (eq. 2.5

Time (s) |09N— (eq. 2.1) gNo (ea-2:5)
0

T (°C) = 34.30 T (°C) =35.67 T (°C) = 32.93

C(mglL')=221.5 C(mglL?')=2525 C(mglL?')=190.5

0 -0.1152 -0.2120 -0.1449 -0.3202
100 -0.1335 -0.2291 -0.1649 -0.3313
200 -0.1539 -0.2472 -0.1869 -0.3427
300 -0.1766 -0.2663 -0.2110 -0.3544
400 -0.2016 -0.2865 -0.2372 -0.3664
500 -0.2291 -0.3076 -0.2656 -0.3786
600 -0.2591 -0.3298 -0.2964 -0.3911
700 -0.2919 -0.3530 -0.3295 -0.4038
800 -0.3274 -0.3774 -0.3651 -0.4169
900 -0.3657 -0.4028 -0.4031 -0.4301
1000 -0.4069 -0.4293 -0.4437 -0.4437
1100 -0.4511 -0.4570 -0.4868 -0.4576
1200 -0.4982 -0.4857 -0.5325 -0.4717
1300 -0.5483 -0.5156 -0.5808 -0.4861
1400 -0.6014 -0.5466 -0.6316 -0.5007
1500 -0.6575 -0.5787 -0.6850 -0.5157
1600 -0.7166 -0.6120 -0.7409 -0.5309
1700 -0.7787 -0.6463 -0.7993 -0.5464
1800 -0.8436 -0.6818 -0.8603 -0.5622
1900 -0.9113 -0.7184 -0.9236 -0.5782
2000 -0.9818 -0.7561 -0.9892 -0.5945
2100 -1.0550 -0.7949 -1.0572 -0.6111
2200 -1.1307 -0.8348 -1.1274 -0.6280
2300 -1.2089 -0.8758 -1.1997 -0.6452
2400 -1.2895 -0.9178 -1.2740 -0.6626
2500 -1.3723 -0.9608 -1.3502 -0.6803
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Table B.3.3 (continued) Predicted results of B.subtilis inactivarion by the Gompertz

model (eq. 2.1) and by the model that integrated process conditions (eq. 2.5) for cycles

of RUN 3
N Iogﬁ (eq. 2.5)
Time (s) |Ogm (eq. 2.1) No

T (°C) = 34.30 T (°C) =35.67 T (°C) = 32.93

C(mgL') =221.5 C(mgL') =2525 C(mgL') =190.5
2600 -1.4572 -1.0048 -1.4283 -0.6982
2700 -1.5441 -1.0498 -1.5082 -0.7165
2800 -1.6328 -1.0958 -1.5897 -0.7350
2900 -1.7232 -1.1428 -1.6726 -0.7538
3000 -1.8152 -1.1906 -1.7570 -0.7728
3100 -1.9086 -1.2394 -1.8427 -0.7922
3200 -2.0032 -1.2890 -1.9295 -0.8117
3300 -2.0989 -1.3395 -2.0173 -0.8316
3400 -2.1955 -1.3908 -2.1061 -0.8517
3500 -2.2930 -1.4428 -2.1957 -0.8721
3600 -2.3911 -1.4957 -2.2860 -0.8927
3700 -2.4897 -1.5492 -2.3768 -0.9136
3800 -2.5886 -1.6034 -2.4681 -0.9347
3900 -2.6878 -1.6583 -2.5597 -0.9561
4000 -2.7871 -1.7137 -2.6516 -0.9777
4100 -2.8864 -1.7698 -2.7435 -0.9996
4200 -2.9855 -1.8264 -2.8355 -1.0217
4300 -3.0843 -1.8836 -2.9275 -1.0441
4400 -3.1827 -1.9412 -3.0192 -1.0667
4500 -3.2806 -1.9993 -3.1106 -1.0896
4600 -3.3779 -2.0577 -3.2017 -1.1126
4700 -3.4745 -2.1166 -3.2924 -1.1359
4800 -3.5703 -2.1758 -3.3825 -1.1595
4900 -3.6653 -2.2353 -3.4720 -1.1832
5000 -3.7592 -2.2951 -3.5608 -1.2072
5100 -3.8521 -2.3552 -3.6489 -1.2314
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Table B.3.3 (continued) Predicted results of B.subtilis inactivarion by the Gompertz

model (eq. 2.1) and by the model that integrated process conditions (eq. 2.5) for cycles

of RUN 3
N Iogﬁ (eq. 2.5)
Time (s) |Ogm (eq. 2.1) No

T (°C) = 34.30 T (°C) =35.67 T (°C) = 32.93

C(mgL') =221.5 C(mgL') =2525 C(mgL') =190.5
5200 -3.9439 -2.4154 -3.7361 -1.2558
5300 -4.0346 -2.4759 -3.8225 -1.2804
5400 -4.1240 -2.5364 -3.9079 -1.3053
5500 -4.2121 -2.5971 -3.9924 -1.3303
5600 -4.2989 -2.6579 -4.0758 -1.3555
5700 -4.3843 -2.7187 -4,1582 -1.3809
5800 -4.4683 -2.7795 -4.2394 -1.4066
5900 -4.5508 -2.8404 -4.3194 -1.4324
6000 -4.6319 -2.9011 -4.3983 -1.4584
6100 -4.7115 -2.9619 -4.4760 -1.4845
6200 -4.7896 -3.0225 -4.5524 -1.5109
6300 -4.8661 -3.0830 -4.6276 -1.5374
6400 -4.9411 -3.1434 -4.7014 -1.5641
6500 -5.0145 -3.2035 -4.7740 -1.5910
6600 -5.0864 -3.2635 -4.8453 -1.6180
6700 -5.1567 -3.3233 -4,9152 -1.6452
6800 -5.2255 -3.3828 -4.9838 -1.6725
6900 -5.2926 -3.4420 -5.0510 -1.7000
7000 -5.3583 -3.5010 -5.1169 -1.7277
7100 -5.4223 -3.5597 -5.1815 -1.7554
7200 -5.4849 -3.6180 -5.2447 -1.7834
7300 -5.5459 -3.6760 -5.3066 -1.8114
7400 -5.6054 -3.7336 -5.3672 -1.8396
7500 -5.6634 -3.7908 -5.4264 -1.8679
7600 -5.7199 -3.8476 -5.4843 -1.8963
7700 -5.7749 -3.9041 -5.5409 -1.9248
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Table B.3.3 (continued) Predicted results of B.subtilis inactivarion by the Gompertz

model (eq. 2.1) and by the model that integrated process conditions (eq. 2.5) for cycles

of RUN 3
N Iogﬁ (eq. 2.5)
Time (s) |Ogm (eq. 2.1) No

T (°C) = 34.30 T (°C) =35.67 T (°C) = 32.93

C(mgL') =221.5 C(mgL') =2525 C(mgL') =190.5
7800 -5.8285 -3.9600 -5.5962 -1.9535
7900 -5.8807 -4.0156 -5.6502 -1.9823
8000 -5.9315 -4.0707 -5.7029 -2.0111
8100 -5.9809 -4.1253 -5.7544 -2.0401
8200 -6.0289 -4.1794 -5.8046 -2.0691
8300 -6.0757 -4.2331 -5.8536 -2.0983
8400 -6.1211 -4.2862 -5.9014 -2.1275
8500 -6.1652 -4.3388 -5.9479 -2.1569
8600 -6.2080 -4.3909 -5.9934 -2.1863
8700 -6.2497 -4.4425 -6.0376 -2.2157
8800 -6.2901 -4.4935 -6.0807 -2.2453
8900 -6.3293 -4.5440 -6.1227 -2.2749
9000 -6.3674 -4.5939 -6.1636 -2.3046
9100 -6.4044 -4.6433 -6.2034 -2.3343
9200 -6.4402 -4.6921 -6.2421 -2.3641
9300 -6.4750 -4.7403 -6.2798 -2.3939
9400 -6.5087 -4.7880 -6.3165 -2.4238
9500 -6.5414 -4.8351 -6.3522 -2.4537
9600 -6.5731 -4.8816 -6.3869 -2.4837
9700 -6.6038 -4.9275 -6.4206 -2.5137
9800 -6.6336 -4.9729 -6.4534 -2.5437
9900 -6.6625 -5.0176 -6.4853 -2.5738
10000 -6.6904 -5.0618 -6.5163 -2.6039
10100 -6.7175 -5.1054 -6.5464 -2.6340
10200 -6.7437 -5.1484 -6.5757 -2.6641
10300 -6.7691 -5.1908 -6.6041 -2.6942
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Table B.3.3 (continued) Predicted results of B.subtilis inactivarion by the Gompertz

model (eq. 2.1) and by the model that integrated process conditions (eq. 2.5) for cycles

of RUN 3
N Iogﬁ (eq. 2.5)
Time (s) |Ogm (eq. 2.1) No

T (°C) = 34.30 T (°C) =35.67 T (°C) = 32.93

C(mgL') =221.5 C(mgL') =2525 C(mgL"') =190.5
10400 -6.7937 -5.2327 -6.6317 -2.7243
10500 -6.8175 -5.2739 -6.6585 -2.7545
10600 -6.8405 -5.3146 -6.6846 -2.7846
10700 -6.8628 -5.3546 -6.7098 -2.8147
10800 -6.8844 -5.3941 -6.7344 -2.8449
10900 -6.9052 -5.4330 -6.7582 -2.8750
11000 -6.9254 -5.4714 -6.7813 -2.9051
11100 -6.9450 -5.5091 -6.8038 -2.9352
11200 -6.9639 -5.5463 -6.8255 -2.9653
11300 -6.9822 -5.5829 -6.8467 -2.9953
11400 -6.9998 -5.6190 -6.8672 -3.0253
11500 -7.0169 -5.6545 -6.8871 -3.0553
11600 -7.0335 -5.6894 -6.9063 -3.0853
11700 -7.0495 -5.7238 -6.9250 -3.1152
11800 -7.0649 -5.7577 -6.9432 -3.1450
11900 -7.0799 -5.7909 -6.9608 -3.1749
12000 -7.0943 -5.8237 -6.9778 -3.2047
12100 -7.1083 -5.8559 -6.9944 -3.2344
12200 -7.1218 -5.8876 -7.0104 -3.2641
12300 -7.1348 -5.9188 -7.0259 -3.2937
12400 -7.1474 -5.9494 -7.0410 -3.3233
12500 -7.1596 -5.9795 -7.0556 -3.3528
12600 -7.1713 -6.0091 -7.0697 -3.3823
12700 -7.1827 -6.0383 -7.0834 -3.4117
12800 -7.1937 -6.0669 -7.0967 -3.4410
12900 -7.2043 -6.0950 -7.1096 -3.4702
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Table B.3.3 (continued) Predicted results of B.subtilis inactivarion by the Gompertz

model (eq. 2.1) and by the model that integrated process conditions (eq. 2.5) for cycles

of RUN 3
N Iogﬁ (eq. 2.5)
Time (s) |Ogm (eq. 2.1) No

T (°C) = 34.30 T (°C) =35.67 T (°C) = 32.93

C(mgL') =221.5 C(mgL') =2525 C(mgL"') =190.5
13000 -7.2146 -6.1226 -7.1221 -3.4994
13100 -7.2245 -6.1498 -7.1342 -3.5285
13200 -7.2340 -6.1765 -7.1459 -3.5575
13300 -7.2433 -6.2027 -7.1572 -3.5865
13400 -7.2522 -6.2284 -7.1682 -3.6153
13500 -7.2608 -6.2537 -7.1789 -3.6441
13600 -7.2691 -6.2785 -7.1892 -3.6728
13700 -7.2772 -6.3029 -7.1992 -3.7014
13800 -7.2849 -6.3269 -7.2088 -3.7299
13900 -7.2924 -6.3504 -7.2182 -3.7583
14000 -7.2997 -6.3735 -7.2273 -3.7866
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Table B.3.4 Predicted results of B.subtilis inactivarion by the Gompertz model (eq. 2.1)

and by the model that integrated process conditions (eq. 2.5) for cycles of RUN 4

N
N log— (eq. 2.5

Time (s) |09N— (eq. 2.1) gNo (ea-2:5)
0

T (°C) = 40.30 T (°C) = 41.91 T (°C) = 38.69

C(mgL')=980.0 C(mglL?')=1117.2 C(mgL?) = 842.8

0 -0.0744 -0.0479 -0.0492 -0.0508
100 -0.1288 -0.0974 -0.1129 -0.0906
200 -0.2088 -0.1792 -0.2258 -0.1511
300 -0.3197 -0.3028 -0.4027 -0.2374
400 -0.4653 -0.4753 -0.6529 -0.3540
500 -0.6476 -0.7002 -0.9772 -0.5040
600 -0.8667 -0.9769 -1.3683 -0.6889
700 -1.1203 -1.3007 -1.8124 -0.9082
800 -1.4046 -1.6635 -2.2917 -1.1596
900 -1.7143 -2.0553 -2.7875 -1.4392
1000 -2.0433 -2.4651 -3.2827 -1.7422
1100 -2.3851 -2.8820 -3.7628 -2.0629
1200 -2.7333 -3.2964 -4.2170 -2.3952
1300 -3.0819 -3.6998 -4.6378 -2.7335
1400 -3.4258 -4.0858 -5.0211 -3.0722
1500 -3.7605 -4.4496 -5.3652 -3.4065
1600 -4.0823 -4.7881 -5.6705 -3.7323
1700 -4.3886 -5.0996 -5.9386 -4.0463
1800 -4.6774 -5.3835 -6.1721 -4.3458
1900 -4.9476 -5.6401 -6.3740 -4.6291
2000 -5.1986 -5.8705 -6.5476 -4.8950
2100 -5.4302 -6.0759 -6.6962 -5.1428
2200 -5.6429 -6.2583 -6.8228 -5.3723
2300 -5.8371 -6.4194 -6.9303 -5.5838
2400 -6.0138 -6.5612 -7.0213 -5.7778
2500 -6.1738 -6.6856 -7.0982 -5.9549
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Table B.3.4 (continued) Predicted results of B.subtilis inactivarion by the Gompertz

model (eq. 2.1) and by the model that integrated process conditions (eq. 2.5) for cycles

of RUN 4
N Iogﬁ (eq. 2.5)
Time (s) |Ogm (eq. 2.1) No

T (°C) = 40.30 T(°C) = 41.91 T (°C) = 38.69

C(mgL')=980.0 C(mgL?)=1117.2 C(mgL?) = 842.8
2600 -6.3184 -6.7944 -7.1631 -6.1160
2700 -6.4486 -6.8894 -7.2177 -6.2621
2800 -6.5655 -6.9720 -7.2636 -6.3942
2900 -6.6702 -7.0439 -7.3021 -6.5134
3000 -6.7639 -7.1062 -7.3345 -6.6206
3100 -6.8475 -7.1602 -7.3615 -6.7168
3200 -6.9221 -7.2070 -7.3842 -6.8031
3300 -6.9884 -7.2475 -7.4032 -6.8803
3400 -7.0474 -7.2824 -7.4191 -6.9493
3500 -7.0997 -7.3126 -7.4324 -7.0109
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Table B.3.5 Predicted results of B.subtilis inactivarion by the Gompertz model (eq. 2.1)

and by the model that integrated process conditions (eq. 2.5) for cycles of RUN 5

N
N log— (eq. 2.5

Time (s) |09N— (eq. 2.1) gNo (ea-2:5)
0

T (°C) = 58.70 T (°C) = 61.05 T (°C) = 56.35

C(mgL?')=265.5 C(mgL?) =302.7 C(mglL?) =228.3

0 -0.0610 -0.0730 -0.1129 -0.0484
100 -0.1251 -0.1481 -0.2296 -0.0962
200 -0.2306 -0.2696 -0.4140 -0.1742
300 -0.3877 -0.4479 -0.6756 -0.2908
400 -0.6034 -0.6887 -1.0150 -0.4527
500 -0.8790 -0.9917 -1.4234 -0.6636
600 -1.2106 -1.3506 -1.8853 -0.9233
700 -1.5894 -1.7546 -2.3811 -1.2282
800 -2.0037 -2.1902 -2.8909 -1.5715
900 -2.4401 -2.6430 -3.3966 -1.9443
1000 -2.8854 -3.0992 -3.8834 -2.3368
1100 -3.3277 -3.5469 -4.3406 -2.7391
1200 -3.7569 -3.9764 -4.7611 -3.1420
1300 -4.1654 -4.3809 -5.1414 -3.5373
1400 -4.5476 -4.7557 -5.4803 -3.9186
1500 -4.9003 -5.0982 -5.7789 -4.2809
1600 -5.2217 -5.4077 -6.0393 -4.6207
1700 -5.5118 -5.6845 -6.2646 -4.9358
1800 -5.7711 -5.9302 -6.4582 -5.2253
1900 -6.0014 -6.1467 -6.6236 -5.4890
2000 -6.2044 -6.3363 -6.7643 -5.7274
2100 -6.3826 -6.5015 -6.8834 -5.9417
2200 -6.5382 -6.6449 -6.9840 -6.1332
2300 -6.6735 -6.7688 -7.0687 -6.3036
2400 -6.7909 -6.8756 -7.1398 -6.4546
2500 -6.8923 -6.9675 -7.1995 -6.5879
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Table B.3.5 (continued) Predicted results of B.subtilis inactivarion by the Gompertz

model (eq. 2.1) and by the model that integrated process conditions (eq. 2.5) for cycles

of RUN 5
N Ioc_:Jﬂ (eq. 2.5)
Time (s) log— (eq. 2.1) No t
No
T (°C) = 58.70 T (°C) = 61.05 T (°C) = 56.35
C(mgL') =2655 C(mgL') =302.7 C(mgL?) =228.3
2600 -6.9798 -7.0463 -7.2494 -6.7053
2700 -7.0551 -7.1137 -7.2912 -6.8084
2800 -7.1198 -7.1714 -7.3261 -6.8987
2900 -7.1753 -7.2206 -7.3552 -6.9777
3000 -7.2229 -7.2626 -7.3795 -7.0467
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Table B.3.6 Predicted results of B.subtilis inactivarion by the Gompertz model (eq. 2.1)

and by the model that integrated process conditions (eq. 2.5) for cycles of RUN 6

N

N log— (eq. 2.5

Time (s) |09N— (eq. 2.1) gNo (ea-2:5)
0

T (°C) = 33.35 T (°C) = 34.68 T (°C) = 32.02

C(mgL')=940.0 C(mgL?)=1071.6 C(mgL?) = 808.4

0 -0.0950 -0.0838 -0.0744 -0.1045
100 -0.1321 -0.1272 -0.1263 -0.1415
200 -0.1792 -0.1857 -0.2019 -0.1875
300 -0.2374 -0.2617 -0.3057 -0.2436
400 -0.3080 -0.3574 -0.4413 -0.3107
500 -0.3919 -0.4740 -0.6109 -0.3894
600 -0.4895 -0.6125 -0.8146 -0.4803
700 -0.6014 -0.7728 -1.0510 -0.5838
800 -0.7274 -0.9543 -1.3169 -0.6997
900 -0.8673 -1.1555 -1.6080 -0.8279
1000 -1.0205 -1.3746 -1.9188 -0.9681
1100 -1.1862 -1.6090 -2.2438 -1.1194
1200 -1.3631 -1.8561 -2.5771 -1.2812
1300 -1.5501 -2.1129 -2.9133 -1.4523
1400 -1.7458 -2.3765 -3.2473 -1.6318
1500 -1.9486 -2.6440 -3.5747 -1.8183
1600 -2.1571 -2.9127 -3.8921 -2.0106
1700 -2.3696 -3.1799 -4.1964 -2.2074
1800 -2.5847 -3.4435 -4.4856 -2.4076
1900 -2.8008 -3.7015 -4.7582 -2.6097
2000 -3.0168 -3.9522 -5.0133 -2.8127
2100 -3.2312 -4.1943 -5.2505 -3.0154
2200 -3.4430 -4.4268 -5.4699 -3.2168
2300 -3.6512 -4.6487 -5.6717 -3.4159
2400 -3.8548 -4.8598 -5.8565 -3.6120
2500 -4.0532 -5.0595 -6.0252 -3.8042
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Table B.3.6 (continued) Predicted results of B.subtilis inactivarion by the Gompertz

model (eq. 2.1) and by the model that integrated process conditions (eq. 2.5) for cycles

of RUN 6
N Iogﬁ (eq. 2.5)
Time (s) |Ogm (eq. 2.1) No

T (°C) = 33.35 T (°C) = 34.68 T (°C) = 32.02

C(mgL') =940.0 C(mgL') =1071.6 C(mgL%) =808.4
2600 -4.2457 -5.2477 -6.1785 -3.9919
2700 -4.4318 -5.4246 -6.3175 -4.1745
2800 -4.6112 -5.5901 -6.4431 -4.3517
2900 -4.7834 -5.7447 -6.5564 -4.5231
3000 -4.9484 -5.8886 -6.6584 -4.6884
3100 -5.1060 -6.0223 -6.7500 -4.8473
3200 -5.2562 -6.1462 -6.8321 -4.9997
3300 -5.3990 -6.2608 -6.9056 -5.1457
3400 -5.5345 -6.3667 -6.9714 -5.2851
3500 -5.6628 -6.4642 -7.0301 -5.4180
3600 -5.7840 -6.5540 -7.0825 -5.5445
3700 -5.8985 -6.6365 -7.1292 -5.6646
3800 -6.0063 -6.7123 -7.1708 -5.7785
3900 -6.1077 -6.7818 -7.2079 -5.8864
4000 -6.2030 -6.8454 -7.2408 -5.9885
4100 -6.2925 -6.9037 -7.2701 -6.0849
4200 -6.3763 -6.9570 -7.2961 -6.1758
4300 -6.4548 -7.0057 -7.3192 -6.2616
4400 -6.5283 -7.0501 -7.3398 -6.3423
4500 -6.5969 -7.0907 -7.3580 -6.4182
4600 -6.6611 -7.1278 -7.3741 -6.4895
4700 -6.7209 -7.1615 -7.3885 -6.5565
4800 -6.7767 -7.1923 -7.4012 -6.6193
4900 -6.8287 -7.2203 -7.4125 -6.6782
5000 -6.8772 -7.2458 -7.4225 -6.7335
5100 -6.9223 -7.2690 -7.4313 -6.7852
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Table B.3.6 (continued) Predicted results of B.subtilis inactivarion by the Gompertz

model (eq. 2.1) and by the model that integrated process conditions (eq. 2.5) for cycles

of RUN 6
N Iogﬁ (eq. 2.5)
Time (s) |Ogm (eq. 2.1) No

T (°C) = 33.35 T (°C) = 34.68 T (°C) = 32.02

C(mgL') =940.0 C(mgL') =1071.6 C(mgL%) =808.4
5200 -6.9643 -7.2902 -7.4392 -6.8336
5300 -7.0033 -7.3094 -7.4461 -6.8788
5400 -7.0396 -7.3269 -7.4523 -6.9212
5500 -7.0733 -7.3428 -7.4578 -6.9607
5600 -7.1046 -7.3572 -7.4626 -6.9977
5700 -7.1337 -7.3704 -7.4669 -7.0322
5800 -7.1606 -7.3823 -7.4707 -7.0644
5900 -7.1857 -7.3931 -7.4740 -7.0944
6000 -7.2089 -7.4030 -7.4770 -7.1225
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Table B.3.7 Predicted results of B.subtilis inactivarion by the Gompertz model (eq. 2.1)

and by the model that integrated process conditions (eq. 2.5) for cycles of RUN 7

N

N log— (eq. 2.5

Time (s) |09N— (eq. 2.1) gNo (ea-2:5)
0

T (°C) = 59.45 T (°C) = 61.83 T (°C) = 57.07

C(mgL?') =1004.0 C(mgL?) =1144.6 C(mgL?) = 863.4

0 -0.0256 -0.0822 -0.1004 -0.0646
100 -0.1012 -0.2573 -0.3400 -0.1864
200 -0.2870 -0.6037 -0.8156 -0.4245
300 -0.6323 -1.1416 -1.5274 -0.8048
400 -1.1505 -1.8377 -2.3955 -1.3233
500 -1.8111 -2.6226 -3.3080 -1.9476
600 -2.5545 -3.4208 -4.1696 -2.6299
700 -3.3153 -4.1720 -4.9226 -3.3215
800 -4.0396 -4.8390 -5.5450 -3.9823
900 -4.6922 -5.4060 -6.0394 -4.5854
1000 -5.2563 -5.8727 -6.4209 -5.1166
1100 -5.7285 -6.2474 -6.7092 -5.5716
1200 -6.1146 -6.5428 -6.9240 -5.953
1300 -6.4244 -6.7727 -7.0822 -6.2674
1400 -6.6697 -6.9497 -7.1980 -6.5231
1500 -6.8618 -7.0849 -7.2821 -6.7291
1600 -7.0111 -7.1876 -7.3431 -6.8937
1700 -7.1264 -7.2654 -7.3871 -7.0244
1800 -7.2151 -7.3240 -7.4189 -7.1276
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Table B.3.8 Predicted results of B.subtilis inactivarion by the Gompertz model (eq. 2.1)

and by the model that integrated process conditions (eq. 2.5) for cycles of RUN 9

N
N log— (eq. 2.5

Time (s) |09N— (eq. 2.1) gNo (ea-2:5)
0

T (°C) = 37.00 T (°C) = 38.48 T (°C) = 35.52

C(mgL')=674.0 C(mglL?)=701.0 C(mglL?')=647.0

0 -0.0338 -0.0620 -0.0525 -0.0758
100 -0.0518 -0.0943 -0.0857 -0.1072
200 -0.0769 -0.1381 -0.1334 -0.1477
300 -0.1106 -0.1956 -0.1988 -0.1987
400 -0.1545 -0.2689 -0.2847 -0.2614
500 -0.2103 -0.3595 -0.3935 -0.3368
600 -0.2792 -0.4685 -0.5268 -0.4257
700 -0.3624 -0.5967 -0.6851 -0.5287
800 -0.4609 -0.7442 -0.8682 -0.6459
900 -0.5750 -0.9103 -1.0746 -0.7772
1000 -0.7049 -1.0942 -1.3024 -0.9223
1100 -0.8503 -1.2942 -1.5487 -1.0804
1200 -1.0106 -1.5085 -1.8104 -1.2506
1300 -1.1847 -1.7350 -2.0837 -1.4317
1400 -1.3715 -1.9713 -2.3653 -1.6224
1500 -1.5693 -2.2150 -2.6513 -1.8212
1600 -1.7766 -2.4636 -2.9387 -2.0266
1700 -1.9916 -2.7148 -3.2241 -2.2370
1800 -2.2124 -2.9665 -3.5050 -2.4510
1900 -2.4374 -3.2164 -3.7790 -2.6669
2000 -2.6646 -3.4629 -4.0442 -2.8834
2100 -2.8926 -3.7044 -4.2990 -3.0992
2200 -3.1196 -3.9395 -4.5424 -3.3131
2300 -3.3444 -4.1670 -4.7735 -3.5239
2400 -3.5656 -4.3862 -4.9917 -3.7307
2500 -3.7822 -4.5963 -5.1969 -3.9326
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Table B.3.8 (continued) Predicted results of B.subtilis inactivarion by the Gompertz

model (eq. 2.1) and by the model that integrated process conditions (eq. 2.5) for cycles

of RUN 9
N Iogﬁ (eq. 2.5)
Time (s) |Ogm (eq. 2.1) No

T (°C) = 37.00 T (°C) = 38.48 T (°C) = 35.52

C(mgL') =674.0 C(mgL') =701.0 C(mgL) =647.0
2600 -3.9933 -4.7969 -5.3890 -4.1291
2700 -4,1980 -4,9876 -5.5682 -4.3194
2800 -4.3957 -5.1682 -5.7347 -4.5031
2900 -4.5860 -5.3389 -5.8890 -4.6799
3000 -4.7684 -5.4995 -6.0316 -4.8496
3100 -4.9428 -5.6504 -6.1631 -5.0119
3200 -5.1090 -5.7917 -6.2839 -5.1667
3300 -5.2670 -5.9237 -6.3949 -5.3142
3400 -5.4167 -6.0469 -6.4966 -5.4542
3500 -5.5583 -6.1616 -6.5896 -5.5870
3600 -5.6920 -6.2681 -6.6745 -5.7126
3700 -5.8179 -6.3670 -6.7519 -5.8312
3800 -5.9363 -6.4586 -6.8225 -5.9430
3900 -6.0474 -6.5434 -6.8867 -6.0484
4000 -6.1515 -6.6217 -6.9451 -6.1474
4100 -6.2490 -6.6940 -6.9981 -6.2404
4200 -6.3401 -6.7607 -7.0462 -6.3276
4300 -6.4252 -6.8222 -7.0899 -6.4093
4400 -6.5045 -6.8788 -7.1294 -6.4858
4500 -6.5784 -6.9309 -7.1653 -6.5574
4600 -6.6471 -6.9787 -7.1977 -6.6242
4700 -6.7111 -7.0227 -7.2271 -6.6866
4800 -6.7705 -7.0631 -7.2536 -6.7448
4900 -6.8257 -7.1002 -7.2776 -6.7991
5000 -6.8769 -7.1342 -7.2993 -6.8496
5100 -6.9243 -7.1654 -7.3190 -6.8967
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Table B.3.8 (continued) Predicted results of B.subtilis inactivarion by the Gompertz

model (eq. 2.1) and by the model that integrated process conditions (eq. 2.5) for cycles

of RUN 9
N Iogﬁ (eq. 2.5)
Time (s) |Ogm (eq. 2.1) No

T (°C) = 37.00 T (°C) = 38.48 T (°C) = 35.52

C(mgL') =674.0 C(mgL') =701.0 C(mgL) =647.0
5200 -6.9683 -7.1940 -7.3367 -6.9405
5300 -7.0091 -7.2202 -7.3527 -6.9812
5400 -7.0468 -7.2441 -7.3671 -7.0191
5500 -7.0817 -7.2661 -7.3802 -7.0543
5600 -7.1140 -7.2862 -7.3919 -7.0870
5700 -7.1439 -7.3046 -7.4026 -7.1174
5800 -7.1715 -7.3215 -7.4121 -7.1456
5900 -7.1971 -7.3369 -7.4208 -7.1717
6000 -7.2206 -7.3509 -7.4286 -7.1960
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Table B.3.9 Predicted results of B.subtilis inactivarion by the Gompertz model (eq. 2.1)

and by the model that integrated process conditions (eq. 2.5) for cycles of RUN 10

N
N log— (eq. 2.5

Time (s) |09N— (eq. 2.1) gNo (ea-2:5)
0

T (°C) = 37.00 T (°C) = 38.48 T (°C) = 35.52

C(mgL')=456.0 C(mglL?')=474.2 C(mglL?')=437.8

0 -0.0691 -0.0767 -0.0610 -0.0995
100 -0.0933 -0.1024 -0.0869 -0.1249
200 -0.1237 -0.1343 -0.1206 -0.1550
300 -0.1610 -0.1731 -0.1634 -0.1901
400 -0.2060 -0.2196 -0.2165 -0.2307
500 -0.2594 -0.2744 -0.2810 -0.2771
600 -0.3219 -0.3381 -0.3578 -0.3297
700 -0.3940 -0.4112 -0.4475 -0.3886
800 -0.4760 -0.4760 -0.5506 -0.4542
900 -0.5681 -0.5681 -0.6672 -0.5265
1000 -0.6705 -0.6705 -0.7972 -0.6055
1100 -0.7828 -0.7828 -0.9401 -0.6913
1200 -0.9050 -0.9050 -1.0952 -0.7838
1300 -1.0366 -1.0366 -1.2617 -0.8827
1400 -1.1769 -1.1769 -1.4385 -0.9880
1500 -1.3255 -1.3255 -1.6243 -1.0993
1600 -1.4814 -1.4814 -1.8177 -1.2163
1700 -1.6439 -1.6439 -2.0174 -1.3385
1800 -1.8121 -1.8121 -2.2220 -1.4657
1900 -1.9850 -1.9850 -2.4300 -1.5972
2000 -2.1618 -2.1618 -2.6400 -1.7328
2100 -2.3414 -2.3414 -2.8508 -1.8717
2200 -2.5231 -2.5231 -3.0610 -2.0136
2300 -2.7058 -2.7058 -3.2695 -2.1580
2400 -2.8887 -2.8887 -3.4754 -2.3043
2500 -3.0711 -3.0711 -3.6777 -2.4520
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Table B.3.9 (continued) Predicted results of B.subtilis inactivarion by the Gompertz

model (eq. 2.1) and by the model that integrated process conditions (eq. 2.5) for cycles

of RUN 10
N Iogﬁ (eq. 2.5)
Time (s) |Ogm (eq. 2.1) No

T (°C) = 37.00 T (°C) = 38.48 T (°C) = 35.52

C(mgL') =456.0 C(mgL?)=4742 C(mgL?) =437.8
2600 -3.2522 -3.2522 -3.8756 -2.6007
2700 -3.4314 -3.4314 -4.0685 -2.7499
2800 -3.6080 -3.6080 -4.2557 -2.8991
2900 -3.7814 -3.7814 -4.4368 -3.0479
3000 -3.9513 -3.9513 -4.6115 -3.1959
3100 -4.1172 -4.1172 -4.7794 -3.3427
3200 -4.2788 -4.2788 -4.9405 -3.4880
3300 -4.4357 -4.4357 -5.0945 -3.6315
3400 -4.5877 -4.5877 -5.2415 -3.7728
3500 -4.7347 -4.7347 -5.3815 -3.9118
3600 -4.8766 -4.8766 -5.5145 -4.0482
3700 -5.0132 -5.0132 -5.6407 -4.1818
3800 -5.1445 -5.1445 -5.7601 -4.3125
3900 -5.2704 -5.2704 -5.8731 -4.4400
4000 -5.3911 -5.3911 -5.9796 -4.5642
4100 -5.5066 -5.5066 -6.0801 -4.6852
4200 -5.6168 -5.6168 -6.1747 -4.8027
4300 -5.7220 -5.7220 -6.2636 -4.9167
4400 -5.8223 -5.8223 -6.3472 -5.0273
4500 -5.9176 -5.9176 -6.4256 -5.1343
4600 -6.0083 -6.0083 -6.4991 -5.2378
4700 -6.0944 -6.0944 -6.5679 -5.3377
4800 -6.1761 -6.1761 -6.6323 -5.4342
4900 -6.2536 -6.2536 -6.6926 -5.5272
5000 -6.3270 -6.3270 -6.7489 -5.6167
5100 -6.3964 -6.3964 -6.8015 -5.7029

241



Appendix B Appendix to Chapter 2

Table B.3.9 (continued) Predicted results of B.subtilis inactivarion by the Gompertz

model (eq. 2.1) and by the model that integrated process conditions (eq. 2.5) for cycles

of RUN 10
N Iogﬁ (eq. 2.5)
Time (s) |Ogm (eq. 2.1) No

T (°C) = 37.00 T (°C) = 38.48 T (°C) = 35.52

C(mgL') =456.0 C(mgL?)=4742 C(mgL?) =437.8
5200 -6.4621 -6.4621 -6.8506 -5.7857
5300 -6.5241 -6.5241 -6.8964 -5.8653
5400 -6.5828 -6.5828 -6.9391 -5.9418
5500 -6.6381 -6.6381 -6.9788 -6.0151
5600 -6.6903 -6.6903 -7.0159 -6.0854
5700 -6.7395 -6.7395 -7.0504 -6.1527
5800 -6.7859 -6.7859 -7.0826 -6.2172
5900 -6.8296 -6.8296 -7.1125 -6.2789
6000 -6.8708 -6.8708 -7.1403 -6.3379
6100 -6.9096 -6.9096 -7.1661 -6.3944
6200 -6.9460 -6.9460 -7.1902 -6.4483
6300 -6.9803 -6.9803 -7.2125 -6.4998
6400 -7.0125 -7.0125 -7.2333 -6.5490
6500 -7.0428 -7.0428 -7.2526 -6.5959
6600 -7.0713 -7.0713 -7.2705 -6.6407
6700 -7.0981 -7.0981 -7.2871 -6.6834
6800 -7.1232 -7.1232 -7.3026 -6.7240
6900 -7.1468 -7.1468 -7.3169 -6.7628
7000 -7.1690 -7.1690 -7.3302 -6.7998
7100 -7.1898 -7.1898 -7.3426 -6.8350
7200 -7.2093 -7.2093 -7.3541 -6.8685
7300 -7.2276 -7.2276 -7.3647 -6.9003
7400 -7.2448 -7.2448 -7.3746 -6.9307
7500 -7.2609 -7.2609 -7.3837 -6.9596
7600 -7.2760 -7.2760 -7.3922 -6.9870
7700 -7.2902 -7.2902 -7.4001 -7.0131
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Table B.3.9 (continued) Predicted results of B.subtilis inactivarion by the Gompertz

model (eq. 2.1) and by the model that integrated process conditions (eq. 2.5) for cycles

of RUN 10
N Ioc_:Jﬂ (eq. 2.5)
Time (s) log— (eq. 2.1) No T
No
T (°C) = 37.00 T (°C) = 38.48 T (°C) = 35.52
C(mgL') =456.0 C(mglL') =4742 C(mgL?) =437.8
7800 -7.3035 -7.3035 -7.4074 -7.0380
7900 -7.3159 -7.3159 -7.4142 -7.0616
8000 -7.3276 -7.3276 -7.4204 -7.0840
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Table B.3.10 Predicted results of B.subtilis inactivarion by the Gompertz model (eq. 2.1)

and by the model that integrated process conditions (eq. 2.5) for cycles of RUN 11

N
N log— (eq. 2.5

Time (s) |09N— (eq. 2.1) gNo (ea-2:5)
0

T (°C) = 51.00 T (°C) = 53.04 T (°C) = 48.96

C(mgL?')=247.0 C(mgL?) =256.9 C(mglL?) =237.1

0 -0.0634 -0.0296 -0.0341 -0.0281
100 -0.1074 -0.0551 -0.0666 -0.0493
200 -0.1715 -0.0957 -0.1195 -0.0818
300 -0.2602 -0.1563 -0.1996 -0.1290
400 -0.3770 -0.2414 -0.3127 -0.1943
500 -0.5244 -0.3552 -0.4634 -0.2808
600 -0.7032 -0.5004 -0.6542 -0.3911
700 -0.9130 -0.6783 -0.8849 -0.5267
800 -1.1518 -0.8885 -1.1530 -0.6884
900 -1.4162 -1.1292 -1.4539 -0.8758
1000 -1.7021 -1.3969 -1.7815 -1.0875
1100 -2.0047 -1.6872 -2.1286 -1.3212
1200 -2.3188 -1.9951 -2.4879 -1.5740
1300 -2.6393 -2.3152 -2.8522 -1.8423
1400 -2.9616 -2.6421 -3.2149 -2.1224
1500 -3.2813 -2.9707 -3.5705 -2.4104
1600 -3.5946 -3.2965 -3.9142 -2.7026
1700 -3.8984 -3.6155 -4.2425 -2.9955
1800 -4.1902 -3.9244 -4.5526 -3.2859
1900 -4.4681 -4.2206 -4.8429 -3.5710
2000 -4.7308 -4.5023 -5.1125 -3.8484
2100 -4.9775 -4.7680 -5.3610 -4.1161
2200 -5.2078 -5.0170 -5.5886 -4.3728
2300 -5.4216 -5.2488 -5.7959 -4.6172
2400 -5.6192 -5.4636 -5.9839 -4.8486
2500 -5.8011 -5.6616 -6.1536 -5.0666
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Table B.3.10 (continued) Predicted results of B.subtilis inactivarion by the Gompertz

model (eq. 2.1) and by the model that integrated process conditions (eq. 2.5) for cycles

of RUN 11
N Iogﬁ (eq. 2.5)
Time (s) |Ogm (eq. 2.1) No

T (°C) = 51.00 T (°C) = 53.04 T (°C) = 48.96

C(mgL')=247.0 C(mgL?) =2569 C(mgL?) =237.1
2600 -5.9678 -5.8433 -6.3062 -5.2709
2700 -6.1201 -6.0095 -6.4431 -5.4617
2800 -6.2590 -6.1610 -6.5654 -5.6392
2900 -6.3851 -6.2987 -6.6745 -5.8036
3000 -6.4995 -6.4234 -6.7716 -5.9556
3100 -6.6030 -6.5362 -6.8578 -6.0957
3200 -6.6964 -6.6380 -6.9343 -6.2244
3300 -6.7806 -6.7297 -7.0019 -6.3425
3400 -6.8565 -6.8122 -7.0618 -6.4506
3500 -6.9247 -6.8862 -7.1146 -6.5494
3600 -6.9859 -6.9526 -7.1613 -6.6395
3700 -7.0408 -7.0120 -7.2024 -6.7215
3800 -7.0901 -7.0653 -7.2386 -6.7962
3900 -7.1342 -7.1128 -7.2704 -6.8641
4000 -7.1736 -7.1553 -7.2985 -6.9256
4100 -7.2089 -7.1932 -7.3231 -6.9815
4200 -7.2405 -7.2271 -7.3448 -7.0321
4300 -7.2687 -7.2572 -7.3639 -7.0779
4400 -7.2938 -7.2841 -7.3806 -7.1194
4500 -7.3163 -7.3081 -7.3953 -7.1568
4600 -7.3363 -7.3294 -7.4082 -7.1907
4700 -7.3542 -7.3484 -7.4195 -7.2213
4800 -7.3702 -7.3652 -7.4294 -7.2489
4900 -7.3844 -7.3803 -7.4381 -7.2738
5000 -7.3970 -7.3936 -7.4457 -7.2963
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Table B.3.11 Predicted results of B.subtilis inactivarion by the Gompertz model (eq. 2.1)

and by the model that integrated process conditions (eq. 2.5) for cycles of RUN 12

N

N log— (eq. 2.5

Time (s) |09N— (eq. 2.1) gNo (ea-2:5)
0

T (°C) = 50.72 T (°C) = 52.75 T (°C) = 48.69

C(mgL')=447.0 C(mglL?') =464.9 C(mglL?')=429.1

0 -0.1078 -0.0338 -0.0387 -0.0316
100 -0.1934 -0.0708 -0.0850 -0.0622
200 -0.3203 -0.1339 -0.1662 -0.1127
300 -0.4948 -0.2322 -0.2938 -0.1895
400 -0.7199 -0.3735 -0.4769 -0.2989
500 -0.9945 -0.5628 -0.7201 -0.4455
600 -1.3141 -0.8020 -1.0224 -0.6319
700 -1.6708 -1.0888 -1.3774 -0.8585
800 -2.0552 -1.4176 -1.7748 -1.1229
900 -2.4569 -1.7803 -2.2017 -1.4206
1000 -2.8656 -2.1671 -2.6447 -1.7457
1100 -3.2722 -2.5681 -3.0909 -2.0911
1200 -3.6687 -2.9735 -3.5291 -2.4495
1300 -4.0489 -3.3745 -3.9503 -2.8136
1400 -4.4081 -3.7639 -4.3478 -3.1769
1500 -4.7433 -4.1360 -4.7172 -3.5335
1600 -5.0527 -4.4867 -5.0560 -3.8787
1700 -5.3355 -4.8132 -5.3631 -4.2088
1800 -5.5920 -5.1142 -5.6390 -4.5210
1900 -5.8230 -5.3891 -5.8847 -4.8135
2000 -6.0299 -5.6382 -6.1021 -5.0853
2100 -6.2140 -5.8626 -6.2933 -5.3360
2200 -6.3773 -6.0634 -6.4606 -5.5658
2300 -6.5215 -6.2423 -6.6064 -5.7752
2400 -6.6485 -6.4009 -6.7329 -5.9652
2500 -6.7599 -6.5411 -6.8425 -6.1368
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Table B.3.11 (continued) Predicted results of B.subtilis inactivarion by the Gompertz

model (eq. 2.1) and by the model that integrated process conditions (eq. 2.5) for cycles

of RUN 12
N Iogﬁ (eq. 2.5)
Time (s) |Ogm (eq. 2.1) No

T(°C) = 50.72 T(°C) = 52.75 T (°C) = 48.69

C(mgL') =447.0 C(mgL?)=464.9 C(mgL) =429.1
2600 -6.8574 -6.6646 -6.9370 -6.2911
2700 -6.9427 -6.7731 -7.0184 -6.4296
2800 -7.0170 -6.8682 -7.0885 -6.5534
2900 -7.0817 -6.9514 -7.1485 -6.6638
3000 -7.1380 -7.0239 -7.2000 -6.7621
3100 -7.1868 -7.0872 -7.2441 -6.8494
3200 -7.2292 -7.1423 -7.2818 -6.9268
3300 -7.2660 -7.1902 -7.3141 -6.9954
3400 -7.2978 -7.2318 -7.3416 -7.0560
3500 -7.3254 -7.2679 -7.3651 -7.1095
3600 -7.3492 -7.2992 -7.3851 -7.1567
3700 -7.3698 -7.3263 -7.4022 -7.1984
3800 -7.3876 -7.3498 -7.4167 -7.2351
3900 -7.4030 -7.3702 -7.4291 -7.2674
4000 -7.4163 -7.3878 -7.4397 -7.2958
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Table B.3.12 Predicted results of B.subtilis inactivarion by the Gompertz model (eq. 2.1)

and by the model that integrated process conditions (eq. 2.5) for cycles of RUN 13

N
N log— (eq. 2.5

Time (s) |09N— (eq. 2.1) gNo (ea-2:5)
0

T (°C) = 49.93 T (°C) = 51.93 T (°C) = 47.93

C(mgL')=674.5 C(mglL?)=701.5 C(mglL?')=674.5

0 -0.0972 -0.0360 -0.0403 -0.0339
100 -0.2009 -0.0850 -0.1005 -0.0748
200 -0.3677 -0.1748 -0.2138 -0.1470
300 -0.6086 -0.3199 -0.3985 -0.2616
400 -0.9259 -0.5314 -0.6660 -0.4279
500 -1.3133 -0.8135 -1.0175 -0.6512
600 -1.7571 -1.1629 -1.4433 -0.9319
700 -2.2392 -1.5695 -1.9259 -1.2653
800 -2.7403 -2.0186 -2.4433 -1.6426
900 -3.2423 -2.4931 -2.9732 -2.0523
1000 -3.7300 -2.9764 -3.4959 -2.4819
1100 -4.1917 -3.4534 -3.9955 -2.9188
1200 -4.6196 -3.9123 -4.4611 -3.3521
1300 -5.0092 -4.3441 -4.8857 -3.7722
1400 -5.3587 -4.7429 -5.2663 -4.1722
1500 -5.6683 -5.1058 -5.6025 -4.5469
1600 -5.9398 -5.4316 -5.8960 -4.8932
1700 -6.1758 -5.7209 -6.1496 -5.2094
1800 -6.3795 -5.9756 -6.3670 -5.4954
1900 -6.5543 -6.1981 -6.5522 -5.7518
2000 -6.7036 -6.3911 -6.7089 -5.9801
2100 -6.8305 -6.5578 -6.8411 -6.1820
2200 -6.9381 -6.7009 -6.9521 -6.3597
2300 -7.0289 -6.8235 -7.0450 -6.5154
2400 -7.1055 -6.9280 -7.1226 -6.6513
2500 -7.1700 -7.0170 -7.1873 -6.7694
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Table B.3.12 (continued) Predicted results of B.subtilis inactivarion by the Gompertz

model (eq. 2.1) and by the model that integrated process conditions (eq. 2.5) for cycles

of RUN 13
N Iogﬁ (eq. 2.5)
Time (s) |Ogm (eq. 2.1) No

T (°C) = 49.93 T (°C) = 51.93 T (°C) = 47.93

C(mgL')=674.5 C(mgL?') =701.5 C(mgL") =674.5
2600 -7.2241 -7.0925 -7.2410 -6.8719
2700 -7.2695 -7.1566 -7.2857 -6.9606
2800 -7.3075 -7.2107 -7.3228 -7.0372
2900 -7.3393 -7.2565 -7.3535 -7.1033
3000 -7.3659 -7.2951 -7.3789 -7.1601
3100 -7.3881 -7.3277 -7.4000 -7.2090
3200 -7.4067 -7.3551 -7.4174 -7.2509
3300 -7.4222 -7.3783 -7.4318 -7.2869
3400 -7.4352 -7.3977 -7.4437 -7.3178
3500 -7.4460 -7.4141 -7.4535 -7.3442
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Table B.3.13 Predicted results of B.subtilis inactivarion by the Gompertz model (eq. 2.1)

and by the model that integrated process conditions (eq. 2.5) for cycles of RUN 14

N

N log— (eq. 2.5

Time (s) |09N— (eq. 2.1) gNo (ea-2:5)
0

T (°C) = 60.08 T (°C) = 62.48 T (°C) = 57.68

C(mgL')=7375 C(mglL?)=767.0 C(mglL?')=708.0

0 -0.0357 -0.0915 -0.1257 -0.0680
100 -0.1244 -0.2441 -0.3337 -0.1794
200 -0.3236 -0.5232 -0.7015 -0.3877
300 -0.6737 -0.9465 -1.2351 -0.7145
400 -1.1819 -1.5005 -1.8999 -1.1607
500 -1.8188 -2.1468 -2.6369 -1.7059
600 -2.5312 -2.8362 -3.3844 -2.3156
700 -3.2611 -3.5217 -4.0925 -2.9512
800 -3.9604 -4.1671 -4.7293 -3.5776
900 -4.5966 -4.7496 -5.2797 -4.1680
1000 -5.1527 -5.2580 -5.7412 -4.7053
1100 -5.6243 -5.6906 -6.1194 -5.1805
1200 -6.0148 -6.0513 -6.4240 -5.5915
1300 -6.3326 -6.3475 -6.6659 -5.9409
1400 -6.5875 -6.5877 -6.8562 -6.2336
1500 -6.7899 -6.7807 -7.0047 -6.4761
1600 -6.9493 -6.9346 -7.1199 -6.6753
1700 -7.0740 -7.0566 -7.2089 -6.8377
1800 -7.1712 -7.1530 -7.2773 -6.9694
1900 -7.2466 -7.2288 -7.3299 -7.0757
2000 -7.3049 -7.2883 -7.3701 -7.1613
2100 -7.3500 -7.3349 -7.4009 -7.2299
2200 -7.3847 -7.3714 -7.4245 -7.2848
2300 -7.4114 -7.3998 -7.4424 -7.3287
2400 -7.4320 -7.4220 -7.4561 -7.3638
2500 -7.4478 -7.4393 -7.4666 -7.3917

250



Appendix B Appendix to Chapter 2

Table B.3.14 Predicted results of B.subtilis inactivarion by the Gompertz model (eq. 2.1)

and by the model that integrated process conditions (eq. 2.5) for cycles of RUN 15

N

N log— (eq. 2.5

Time (s) |09N— (eq. 2.1) gNo (ea-2:5)
0

T (°C) = 61.98 T (°C) = 64.46 T (°C) = 59.50

C(mgL')=498.0 C(mglL?!)=517.9 C(mglL?')=478.1

0 -0.0475 -0.1288 -0.1947 -0.0868
100 -0.1256 -0.2910 -0.4273 -0.1985
200 -0.2756 -0.5582 -0.7919 -0.3895
300 -0.5200 -0.9397 -1.2850 -0.6743
400 -0.8684 -1.4251 -1.8788 -1.0543
500 -1.3142 -1.9881 -2.5312 -1.5172
600 -1.8366 -2.5945 -3.1981 -2.0409
700 -2.4068 -3.2098 -3.8424 -2.5984
800 -2.9944 -3.8052 -4.4375 -3.1631
900 -3.5722 -4.3597 -4.9684 -3.7127
1000 -4.1194 -4.8606 -5.4290 -4.2301
1100 -4.6221 -5.3022 -5.8202 -4.7043
1200 -5.0727 -5.6840 -6.1468 -5.1295
1300 -5.4686 -6.0089 -6.4159 -5.5041
1400 -5.8108 -6.2820 -6.6352 -5.8294
1500 -6.1029 -6.5092 -6.8126 -6.1084
1600 -6.3495 -6.6967 -6.9551 -6.3455
1700 -6.5560 -6.8506 -7.0690 -6.5454
1800 -6.7277 -6.9761 -7.1596 -6.7128
1900 -6.8696 -7.0781 -7.2316 -6.8524
2000 -6.9865 -7.1608 -7.2886 -6.9682
2100 -7.0824 -7.2275 -7.3336 -7.0639
2200 -7.1608 -7.2813 -7.3691 -7.1429
2300 -7.2248 -7.3247 -7.3971 -7.2078
2400 -7.2769 -7.3595 -7.4191 -7.2612
2500 -7.3192 -7.3874 -7.4365 -7.3049
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B.4 Analysis of variance from 22 factorial design

Table B.4.1 ANOVA table for Kmay

Source of
Variation

Sum of Squares

Degrees of

Freedom

Mean Square

Computed F

P-value

0.000041573521125

0.000000013366125

0.000016585920125

0.000002609470125

0.000004119885125

0.000000369370125

98070012.500001

423916751565617.00000

0.013629166204093

169123259008454.00000

266082368960641.00000

420096318943565.00000

0.376639214765059

0.0970195612728482

0.92601336328851

0.151855464018003

0.350112766335637

0.288971950893239

0.649579661046028

T 0.000041573521125
RH 0.000000013366125
EO 0.000016585920125
T/RH 0.000002609470125
T/EO 0.000004119885125
RH/EO 0.000000369370125
Error 98070012.500001
Total 0.000066252232875

Table B.4.2 Estimated effects for Kiax

Source of
Variation

Estimated

Effect

Standard error t

Average 0.004385875 +
T 0.00455925 =
RH -0.00008175 =
EO 0.00287975 =
T/RH -0.00114225 =+
T/EO 0.00143525 =+
RH/EO -0.00042975 =+

0.000350125000000002

0.000700250000000005

0.000700250000000005

0.000700250000000005

0.000700250000000005

0.000700250000000005

0.000700250000000005

1 Estimated from total error with 1 degree of freedom (t=12.52660)
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T 6.510889
EO | 4112460
T/EO | 2049625
T/RH | 1.631203
RH/EO | 0.613709
RH D 0.116744
T T T T T
0 1 2 3 4 5 6 7
p=0,15 Effect

Figure B.4.1 Pareto chart for kmay

Table B.4.3 ANOVA table for A

Source of
Variation

Sum of Squares

Degrees of

Freedom

Mean Square

Computed F

P-value

—

EO
T/RH
T/EO
RH/EO

Error

644472.912903125

436.586475125002

367112.670015125

33134.716306125

71591.955606125

5841.12957012501

19184.9769031252

644472.912903125

436.586475125002

367112.670015125

33134.716306125

71591.955606125

5841.12957012501

19184.9769031252

33.5925821624598

0.108768618875058

0.0227566849483089 0.904682576078751

19.1354241325839

1.72711786276519

3.73166754214142

0.304463726989085

0.14307436499117

0.41409149056106

0.30410008233348

0.679009576770537

Total

1141774.94777888
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Table B.4.4 Estimated effects for A

5 5 Estimated

g = Standard error 1

5 ¢ Effect

© &

nwn >

Average 536.409125 =+ 48.9706250000002
T -567.65875 = 97.9412500000004
RH -14.77475 % 97.9412500000004
EO -428.43475 + 97.9412500000004
T/RH 128.71425 <+ 97.9412500000004
T/EO 189.19825 <+ 97.9412500000004
RH/EO 54.04225 =+ 97.9412500000004

1 Estimated from total error with 1 degree of freedom (t=10.95369)

|5.795911

EO | 4374406

T/EO | 1931752
T/RH | 1314199
RH/EO | 0551782

RH D 0.150853

Figure B.4.2 Pareto chart for A

Effect
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B.5 Studies on the sensitivity of the predicted microbial response in relation to

processing conditions

In order to consider the sensitivity of the model response to fluctuations on temperature

and humidity, the propagation of measurement uncertainties method was applied.

N
If |O{N—] is function of variables T and C with uncertainties:
0

B.1 IO{N%] = f(T, C)

as,

B.2 IO{N%] =A-ex;{—exp{¥(x—t)+lﬂ
being,

B.3 Kmax = (T, C)

B.4 »=f(T,C)

Then, the uncertainty in Io{Nﬂj due to T and C would be:
0

z a(logl\lr} a(logl\'l\l]
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Therefore, the net uncertainty is calculated considering the sum of the individual

contributions.

Considering,

B.6 kmaX:[1.42x10—4T—4.96x10—3j+[5.54x10—8T+1.25x10—6jc
B.7 x=(1.63x101T—1.06x1o3j|nC+[—1.25x102T+8.23x103]
we get,
é{logl]
N - - +
B8 ——2s - [e(1.42x10 4 4 5.54x10 8Cj.(k—t)+ kmaxe(— 1.63x10*1 - 1.25x10 2|nc)}
exp| — Kmax€ (; _ _kmaxe (, _
.exp[ exp{ e ( t)+1ﬂ.exp{ e (n t)+1}
N
5’['09*] Kmax€l - 1.25x1072T - 8.23x10*3
L NoJ 1 e(5.54x2078T - 1.25%1076) - (1 — t) + max( j
B9 ac c

.exp[ exp(f I(_n';—a_xse (k - t) + IH exp{f k_m7—a_xse (7» - t) + 1}
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In global,
d[log Nﬂ] - {[e(1.42x10'4 +5.54x1078C 0.~ t) + kaxel - 1.63x10*1 - 1.25x10*2 In c)}
o

. exp{— exp[— km7¢: (-t)+ IH exp{— km7i5e (-t)+ 1} }.dT +

B.10 - -
kmaxe(- 1.25x1072T - 8.23x1o+3]
-8 -6
+4e(5.54x10°8 T - 1.25x107%) (. - t) + c .

. exp{— exp[7|<7n177a.><5€ (x - t)+ 1]} exp[— @73.’(; (x - t)+ 1} }.dC

The bands of uncertainty for EO concentration can be calculated by the product,

a{logl\ll\l]
N 0 .4c

oC

and for temperature,

a[logl\'”
N 0 4T

or

Errors due to propagation of measurement uncertainties are listed on attachment B.6.
Tables B.6.1.1 to B.6.1.14 and Figure B.6.1 for temperature and Tables B.6.2.1 to
B.6.2.14 and Figure B.6.2 for EO concentration, presents the results assuming that these
variables fluctuates 1 %, in a random and independent way, using the propagation of

measurement uncertainties methodology.
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B.6 Predicted bands of B. subtilis inactivation by the model that integrates

relevant process conditions

Table B.6.1.1 Predicted results of B. subtilis inactivation by the model that integrated
process conditions (eq. 2.5) and band of prediction (considering the maximum

fluctuations of temperature) for cycles of RUN 1 condition

Process variables

T (°C) = 59.50
C(mg L) = 232.5

Kinetic parameters

Kmax (s71) = 4.5460x107 (eq. 2.3)

_ |ogﬂ A (s) = 3.0705x10%2 (eq. 2.4)
Time (s) No Predicted bands
(eq. 2.5) ( N j
o/ log—
NO
oT Upper band Lower band
(eq. B.8)

0 -0.0826 0.2504 -0.3330 0.1677
100 -0.1639 0.4233 -0.5872 0.2594
200 -0.2930 0.6448 -0.9378 0.3519
300 -0.4794 0.8994 -1.3788 0.4199
400 -0.7280 1.1639 -1.8920 0.4359
500 -1.0376 1.4137 -2.4513 0.3761
600 -1.4013 1.6270 -3.0283 0.2257
700 -1.8080 1.7889 -3.5969 -0.0190
800 -2.2441 1.8922 -4.1364 -0.3519
900 -2.6956 1.9368 -4.6324 -0.7587
1000 -3.1489 1.9280 -5.0769 -1.2209
1100 -3.5926 1.8743 -5.4670 -1.7183
1200 -4.0176 1.7860 -5.8037 -2.2316
1300 -4.4172 1.6732 -6.0904 -2.7440
1400 -4.7871 1.5450 -6.3322 -3.2421
1500 -5.1250 1.4093 -6.5344 -3.7157
1600 -5.4302 1.2723 -6.7025 -4.1579
1700 -5.7032 1.1385 -6.8417 -4.5647
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Table B.6.1.1 (continued) Predicted results of B. subtilis inactivation by the model that

integrated process conditions (eq. 2.5) and band of prediction (considering the maximum

fluctuations of temperature) for cycles of RUN 1 condition

Process variables

T (°C) = 59.50
C (mgL?) =232.5

Kinetic parameters

Kmax (S1) = 4.5460x107 (eq. 2.3)

_ |Ogﬂ A (s) = 3.0705x10%2 (eq. 2.4)
Time (s) No Predicted bands
(eq. 2.5) ( N J
o log—
NO
oT Upper band Lower band
(eq. B.8)

1800 -5.9455 1.0112 -6.9567 -4.9343
1900 -6.1590 0.8924 -7.0514 -5.2666
2000 -6.3461 0.7834 -7.1295 -5.5627
2100 -6.5092 0.6845 -7.1937 -5.8247
2200 -6.6508 0.5959 -7.2467 -6.0550
2300 -6.7733 0.5170 -7.2903 -6.2564
2400 -6.8790 0.4473 -7.3263 -6.4318
2500 -6.9699 0.3860 -7.3559 -6.5839
2600 -7.0480 0.3325 -7.3805 -6.7154
2700 -7.1148 0.2859 -7.4008 -6.8289
2800 -7.1720 0.2455 -7.4176 -6.9265
2900 -7.2209 0.2106 -7.4315 -7.0104
3000 -7.2626 0.1804 -7.4430 -7.0823
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Table B.6.1.2 Predicted results of B. subtilis inactivation by the model that integrated

process conditions (eq. 2.5) and band of prediction (considering the maximum

fluctuations of temperature) for cycles of RUN 2 condition

Process variables

T (°C) = 43.65
C (mg L) = 257.0

Kinetic parameters

Kmax (51) = 2.1810x107 (eq. 2.3)

_ |Ogﬂ A (s) = 8.3787x10"2 (eq. 2.4)
Time (s) No Predicted bands
(eq. 2.5) ( N J
o/ log—
NO
oT Upper band Lower band
(eq. B.8)

0 -0.0385 0.0454 -0.0840 0.0069
100 -0.0575 0.0634 -0.1209 0.0059
200 -0.0833 0.0857 -0.1690 0.0024
300 -0.1172 0.1127 -0.2299 -0.0045
400 -0.1608 0.1444 -0.3052 -0.0164
500 -0.2153 0.1805 -0.3959 -0.0348
600 -0.2820 0.2208 -0.5028 -0.0613
700 -0.3619 0.2645 -0.6264 -0.0974
800 -0.4557 0.3108 -0.7665 -0.1448
900 -0.5638 0.3589 -0.9227 -0.2048
1000 -0.6863 0.4078 -1.0941 -0.2785
1100 -0.8231 0.4564 -1.2795 -0.3667
1200 -0.9736 0.5038 -1.4774 -0.4699
1300 -1.1371 0.5489 -1.6860 -0.5882
1400 -1.3124 0.5910 -1.9034 -0.7213
1500 -1.4983 0.6294 -2.1277 -0.8688
1600 -1.6934 0.6636 -2.3570 -1.0298
1700 -1.8962 0.6930 -2.5892 -1.2032
1800 -2.1051 0.7175 -2.8226 -1.3876
1900 -2.3185 0.7369 -3.0554 -1.5816
2000 -2.5349 0.7512 -3.2861 -1.7837
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Table B.6.1.2 (continued) Predicted results of B. subtilis inactivation by the model that

integrated process conditions (eq. 2.5) and band of prediction (considering the maximum

fluctuations of temperature) for cycles of RUN 2 condition

Process variables

T (°C) = 43.65
C (mg L) = 257.0

Kinetic parameters

Kmax (51) = 2.1810x107 (eq. 2.3)

_ |Ogﬂ A (s) = 8.3787x10"2 (eq. 2.4)
Time (s) No Predicted bands
(eq. 2.5) ( N J
o/ log—
NO
oT Upper band Lower band

(eq. B.8)
2100 -2.7527 0.7606 -3.5133 -1.9921
2200 -2.9706 0.7652 -3.7359 -2.2054
2300 -3.1873 0.7654 -3.9526 -2.4219
2400 -3.4015 0.7614 -4.1628 -2.6401
2500 -3.6121 0.7536 -4.3658 -2.8585
2600 -3.8184 0.7425 -4.5609 -3.0759
2700 -4.0194 0.7283 -4.7478 -3.2911
2800 -4.2146 0.7117 -4.9262 -3.5029
2900 -4.4033 0.6928 -5.0961 -3.7105
3000 -4.5852 0.6722 -5.2574 -3.9130
3100 -4.7599 0.6501 -5.4100 -4.1098
3200 -4.9273 0.6269 -5.5542 -4.3004
3300 -5.0872 0.6030 -5.6901 -4.4842
3400 -5.2395 0.5785 -5.8179 -4.6610
3500 -5.3843 0.5537 -5.9380 -4.8306
3600 -5.5216 0.5288 -6.0505 -4.9928
3700 -5.6517 0.5041 -6.1558 -5.1476
3800 -5.7745 0.4796 -6.2542 -5.2949
3900 -5.8904 0.4556 -6.3460 -5.4348
4000 -5.9996 0.4321 -6.4316 -5.5675
4100 -6.1022 0.4092 -6.5114 -5.6930
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Table B.6.1.2 (continued) Predicted results of B. subtilis inactivation by the model that

integrated process conditions (eq. 2.5) and band of prediction (considering the maximum

fluctuations of temperature) for cycles of RUN 2 condition

Process variables

T (°C) = 43.65
C (mg L) = 257.0

Kinetic parameters

Kmax (51) = 2.1810x107 (eq. 2.3)

_ |Ogﬂ A (s) = 8.3787x10"2 (eq. 2.4)
Time (s) No Predicted bands
(eq. 2.5) ( N J
o/ log—
NO
oT Upper band Lower band

(eq. B.8)
4200 -6.1986 0.3870 -6.5856 -5.8117
4300 -6.2891 0.3655 -6.6546 -5.9236
4400 -6.3738 0.3448 -6.7187 -6.0290
4500 -6.4531 0.3250 -6.7781 -6.1281
4600 -6.5273 0.3060 -6.8333 -6.2213
4700 -6.5966 0.2878 -6.8844 -6.3087
4800 -6.6612 0.2705 -6.9317 -6.3907
4900 -6.7215 0.2540 -6.9756 -6.4675
5000 -6.7778 0.2384 -7.0161 -6.5394
5100 -6.8301 0.2235 -7.0537 -6.6066
5200 -6.8789 0.2095 -7.0884 -6.6694
5300 -6.9242 0.1962 -7.1204 -6.7280
5400 -6.9664 0.1837 -7.1501 -6.7827
5500 -7.0056 0.1719 -7.1774 -6.8337
5600 -7.0420 0.1607 -7.2027 -6.8813
5700 -7.0758 0.1502 -7.2260 -6.9256
5800 -7.1072 0.1404 -7.2475 -6.9668
5900 -7.1363 0.1311 -7.2674 -7.0052
6000 -7.1633 0.1224 -7.2857 -7.0409
6100 -7.1884 0.1143 -7.3026 -7.0741
6200 -7.2116 0.1066 -7.3182 -7.1050
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Table B.6.1.2 (continued) Predicted results of B. subtilis inactivation by the model that

integrated process conditions (eq. 2.5) and band of prediction (considering the maximum

fluctuations of temperature) for cycles of RUN 2 condition

Process variables

T (°C) = 43.65
C (mg L) = 257.0

Kinetic parameters

Kmax (51) = 2.1810x107 (eq. 2.3)

_ |Ogﬂ A (s) = 8.3787x10"2 (eq. 2.4)
Time (s) No Predicted bands
(eq. 2.5) ( N ]
o/ log—
NO
oT Upper band Lower band

(eq. B.8)
6300 -7.2331 0.0995 -7.3326 -7.1336
6400 -7.2531 0.0928 -7.3458 -7.1603
6500 -7.2715 0.0865 -7.3580 -7.1851
6600 -7.2887 0.0806 -7.3693 -7.2080
6700 -7.3045 0.0751 -7.3796 -7.2294
6800 -7.3192 0.0700 -7.3892 -7.2492
6900 -7.3328 0.0652 -7.3980 -7.2676
7000 -7.3453 0.0607 -7.4061 -7.2846
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Table B.6.1.3 Predicted results of B. subtilis inactivation by the model that integrated

process conditions (eq. 2.5) and band of prediction (considering the maximum

fluctuations of temperature) for cycles of RUN 3 condition

Process variables

T (°C) = 34.30
C(mg L") =221.5

Kinetic parameters

kmax (1) = 6.0837x10™ (eq. 2.3)

_ |Ogﬂ A (s) = 1.2312x10"3 (eq. 2.4)
Time (s) No Predicted bands
(eq. 2.5) ( N J
o/ log—
NO
oT Upper band Lower band
(eq. B.8)

0 -0.2120 0.0216 -0.2336 -0.1904
100 -0.2291 0.0244 -0.2535 -0.2048
200 -0.2472 0.0273 -0.2746 -0.2199
300 -0.2663 0.0305 -0.2969 -0.2358
400 -0.2865 0.0339 -0.3204 -0.2526
500 -0.3076 0.0375 -0.3451 -0.2701
600 -0.3298 0.0413 -0.3711 -0.2885
700 -0.3530 0.0453 -0.3984 -0.3077
800 -0.3774 0.0495 -0.4269 -0.3278
900 -0.4028 0.0540 -0.4568 -0.3488
1000 -0.4293 0.0586 -0.4880 -0.3707
1100 -0.4570 0.0635 -0.5205 -0.3935
1200 -0.4857 0.0686 -0.5543 -0.4171
1300 -0.5156 0.0739 -0.5894 -0.4417
1400 -0.5466 0.0793 -0.6259 -0.4672
1500 -0.5787 0.0850 -0.6637 -0.4937
1600 -0.6120 0.0909 -0.7028 -0.5211
1700 -0.6463 0.0969 -0.7433 -0.5494
1800 -0.6818 0.1032 -0.7850 -0.5787
1900 -0.7184 0.1096 -0.8280 -0.6089
2000 -0.7561 0.1161 -0.8723 -0.6400
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Table B.6.1.3 (continued) Predicted results of B. subtilis inactivation by the model that

integrated process conditions (eq. 2.5) and band of prediction (considering the maximum

fluctuations of temperature) for cycles of RUN 3 condition

Process variables

T (°C) = 34.30
C(mgL?) =221.5

Kinetic parameters

kmax (1) = 6.0837x10™ (eq. 2.3)

_ |Ogﬂ A (s) = 1.2312x10"3 (eq. 2.4)
Time (s) No Predicted bands
(eq. 2.5) ( N J
o/ log—
NO
oT Upper band Lower band
(eq. B.8)

2100 -0.7949 0.1228 -0.9178 -0.6721
2200 -0.8348 0.1297 -0.9645 -0.7051
2300 -0.8758 0.1367 -1.0125 -0.7391
2400 -0.9178 0.1438 -1.0616 -0.7739
2500 -0.9608 0.1511 -1.1118 -0.8097
2600 -1.0048 0.1584 -1.1632 -0.8464
2700 -1.0498 0.1659 -1.2157 -0.8840
2800 -1.0958 0.1734 -1.2692 -0.9224
2900 -1.1428 0.1810 -1.3238 -0.9618
3000 -1.1906 0.1887 -1.3793 -1.0020
3100 -1.2394 0.1964 -1.4358 -1.0430
3200 -1.2890 0.2042 -1.4932 -1.0849
3300 -1.3395 0.2120 -1.5515 -1.1275
3400 -1.3908 0.2198 -1.6106 -1.1710
3500 -1.4428 0.2276 -1.6704 -1.2153
3600 -1.4957 0.2354 -1.7310 -1.2603
3700 -1.5492 0.2432 -1.7924 -1.3060
3800 -1.6034 0.2510 -1.8543 -1.3524
3900 -1.6583 0.2587 -1.9169 -1.3996
4000 -1.7137 0.2664 -1.9801 -1.4474
4100 -1.7698 0.2740 -2.0438 -1.4958
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Table B.6.1.3 (continued) Predicted results of B. subtilis inactivation by the model that

integrated process conditions (eq. 2.5) and band of prediction (considering the maximum

fluctuations of temperature) for cycles of RUN 3 condition

Process variables

T (°C) = 34.30
C(mgL?) =221.5

Kinetic parameters

kmax (1) = 6.0837x10™ (eq. 2.3)

_ |Ogﬂ A (s) = 1.2312x10"3 (eq. 2.4)
Time (s) No Predicted bands
(eq. 2.5) ( N J
o/ log—
NO
oT Upper band Lower band
(eq. B.8)

4200 -1.8264 0.2815 -2.1080 -1.5449
4300 -1.8836 0.2890 -2.1726 -1.5946
4400 -1.9412 0.2964 -2.2376 -1.6448
4500 -1.9993 0.3036 -2.3029 -1.6956
4600 -2.0577 0.3108 -2.3686 -1.7469
4700 -2.1166 0.3179 -2.4345 -1.7987
4800 -2.1758 0.3248 -2.5006 -1.8510
4900 -2.2353 0.3316 -2.5669 -1.9037
5000 -2.2951 0.3383 -2.6334 -1.9569
5100 -2.3552 0.3448 -2.6999 -2.0104
5200 -2.4154 0.3511 -2.7666 -2.0643
5300 -2.4759 0.3573 -2.8332 -2.1185
5400 -2.5364 0.3634 -2.8998 -2.1731
5500 -2.5971 0.3692 -2.9663 -2.2279
5600 -2.6579 0.3749 -3.0328 -2.2830
5700 -2.7187 0.3804 -3.0991 -2.3383
5800 -2.7795 0.3857 -3.1653 -2.3938
5900 -2.8404 0.3909 -3.2312 -2.4495
6000 -2.9011 0.3958 -3.2970 -2.5053
6100 -2.9619 0.4006 -3.3624 -2.5613
6200 -3.0225 0.4051 -3.4276 -2.6174
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Table B.6.1.3 (continued) Predicted results of B. subtilis inactivation by the model that

integrated process conditions (eq. 2.5) and band of prediction (considering the maximum

fluctuations of temperature) for cycles of RUN 3 condition

Process variables

T (°C) = 34.30
C(mgL?) =221.5

Kinetic parameters

kmax (1) = 6.0837x10™ (eq. 2.3)

_ |Ogﬂ A (s) = 1.2312x10"3 (eq. 2.4)
Time (s) No Predicted bands
(eq. 2.5) ( N ]
o/ log—
NO
oT Upper band Lower band
(eq. B.8)

6300 -3.0830 0.4095 -3.4925 -2.6735
6400 -3.1434 0.4136 -3.5570 -2.7297
6500 -3.2035 0.4176 -3.6211 -2.7860
6600 -3.2635 0.4213 -3.6848 -2.8422
6700 -3.3233 0.4249 -3.7481 -2.8984
6800 -3.3828 0.4282 -3.8110 -2.9546
6900 -3.4420 0.4313 -3.8734 -3.0107
7000 -3.5010 0.4343 -3.9353 -3.0667
7100 -3.5597 0.4370 -3.9967 -3.1227
7200 -3.6180 0.4395 -4.0575 -3.1784
7300 -3.6760 0.4419 -4.1179 -3.2341
7400 -3.7336 0.4440 -4.1776 -3.2896
7500 -3.7908 0.4459 -4.2368 -3.3449
7600 -3.8476 0.4477 -4.2953 -3.4000
7700 -3.9041 0.4492 -4.3533 -3.4548
7800 -3.9600 0.4506 -4.4106 -3.5095
7900 -4.0156 0.4518 -4.4673 -3.5638
8000 -4.0707 0.4527 -4.5234 -3.6179
8100 -4.1253 0.4535 -4.5788 -3.6718
8200 -4.1794 0.4541 -4.6336 -3.7253
8300 -4.2331 0.4546 -4.6876 -3.7785

267



Appendix B

Appendix to Chapter 2

Table B.6.1.3 (continued) Predicted results of B. subtilis inactivation by the model that

integrated process conditions (eq. 2.5) and band of prediction (considering the maximum

fluctuations of temperature) for cycles of RUN 3 condition

Process variables

T (°C) = 34.30
C(mgL?) =221.5

Kinetic parameters

kmax (1) = 6.0837x10™ (eq. 2.3)

_ |Ogﬂ A (s) = 1.2312x10"3 (eq. 2.4)
Time (s) No Predicted bands
(eq. 2.5) ( N ]
o/ log—
NO
oT Upper band Lower band
(eq. B.8)

8400 -4.2862 0.4549 -4.7410 -3.8313
8500 -4.3388 0.4550 -4.7938 -3.8839
8600 -4.3909 0.4549 -4.8458 -3.9360
8700 -4.4425 0.4547 -4.8971 -3.9878
8800 -4.4935 0.4543 -4.9478 -4.0392
8900 -4.5440 0.4537 -4.9977 -4.0903
9000 -4.5939 0.4530 -5.0469 -4.1409
9100 -4.6433 0.4522 -5.0954 -4.1911
9200 -4.6921 0.4512 -5.1433 -4.2409
9300 -4.7403 0.4500 -5.1904 -4.2903
9400 -4.7880 0.4488 -5.2368 -4.3392
9500 -4.8351 0.4474 -5.2825 -4.3877
9600 -4.8816 0.4459 -5.3275 -4.4358
9700 -4.9275 0.4442 -5.3717 -4.4833
9800 -4.9729 0.4424 -5.4153 -4.5305
9900 -5.0176 0.4405 -5.4582 -4.5771
10000 -5.0618 0.4385 -5.5004 -4.6233
10100 -5.1054 0.4364 -5.5419 -4.6690
10200 -5.1484 0.4342 -5.5827 -4.7142
10300 -5.1908 0.4319 -5.6228 -4.7589
10400 -5.2327 0.4295 -5.6622 -4.8031
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Table B.6.1.3 (continued) Predicted results of B. subtilis inactivation by the model that

integrated process conditions (eq. 2.5) and band of prediction (considering the maximum

fluctuations of temperature) for cycles of RUN 3 condition

Process variables

T (°C) = 34.30
C(mgL?) =221.5

Kinetic parameters

kmax (1) = 6.0837x10™ (eq. 2.3)

_ |Ogﬂ A (s) = 1.2312x10"3 (eq. 2.4)
Time (s) No Predicted bands
(eq. 2.5) ( N J
o/ log—
NO
oT Upper band Lower band
(eq. B.8)

10500 -5.2739 0.4270 -5.7009 -4.8469
10600 -5.3146 0.4245 -5.7390 -4.8901
10700 -5.3546 0.4218 -5.7764 -4.9328
10800 -5.3941 0.4190 -5.8132 -4.9751
10900 -5.4330 0.4162 -5.8493 -5.0168
11000 -5.4714 0.4133 -5.8847 -5.0580
11100 -5.5091 0.4104 -5.9195 -5.0988
11200 -5.5463 0.4073 -5.9536 -5.1390
11300 -5.5829 0.4042 -5.9872 -5.1787
11400 -5.6190 0.4011 -6.0201 -5.2179
11500 -5.6545 0.3979 -6.0524 -5.2566
11600 -5.6894 0.3946 -6.0841 -5.2948
11700 -5.7238 0.3913 -6.1151 -5.3325
11800 -5.7577 0.3880 -6.1456 -5.3697
11900 -5.7909 0.3846 -6.1755 -5.4064
12000 -5.8237 0.3811 -6.2048 -5.4426
12100 -5.8559 0.3777 -6.2336 -5.4782
12200 -5.8876 0.3742 -6.2618 -5.5134
12300 -5.9188 0.3706 -6.2894 -5.5481
12400 -5.9494 0.3671 -6.3165 -5.5823
12500 -5.9795 0.3635 -6.3430 -5.6161
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Table B.6.1.3 (continued) Predicted results of B. subtilis inactivation by the model that

integrated process conditions (eq. 2.5) and band of prediction (considering the maximum

fluctuations of temperature) for cycles of RUN 3 condition

Process variables

T (°C) = 34.30
C(mgL?) =221.5

Kinetic parameters

kmax (1) = 6.0837x10™ (eq. 2.3)

_ |Ogﬂ A (s) = 1.2312x10"3 (eq. 2.4)
Time (s) No Predicted bands
(eq. 2.5) ( N J
o/ log—
NO
oT Upper band Lower band
(eq. B.8)

12600 -6.0091 0.3599 -6.3690 -5.6493
12700 -6.0383 0.3562 -6.3945 -5.6820
12800 -6.0669 0.3526 -6.4195 -5.7143
12900 -6.0950 0.3489 -6.4439 -5.7461
13000 -6.1226 0.3452 -6.4679 -5.7774
13100 -6.1498 0.3415 -6.4913 -5.8082
13200 -6.1765 0.3378 -6.5143 -5.8386
13300 -6.2027 0.3341 -6.5368 -5.8685
13400 -6.2284 0.3304 -6.5588 -5.8980
13500 -6.2537 0.3267 -6.5804 -5.9270
13600 -6.2785 0.3230 -6.6015 -5.9555
13700 -6.3029 0.3193 -6.6222 -5.9836
13800 -6.3269 0.3156 -6.6424 -6.0113
13900 -6.3504 0.3119 -6.6623 -6.0385
14000 -6.3735 0.3082 -6.6816 -6.0653
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Table B.6.1.4 Predicted results of B. subtilis inactivation by the model that integrated

process conditions (eq. 2.5) and band of prediction (considering the maximum

fluctuations of temperature) for cycles of RUN 4 condition

Process variables

T (°C) = 40.30
C (mg L) = 980.0

Kinetic parameters

Kmax (S1) = = 4.1756x10°7 (eq. 2.3)

] IOgﬁ A (s) = 4.0978x10%2 (eq. 2.4)
Time (s) No Predicted bands
(eq. 2.5) ( N ]
o/ log—
NO
oT Upper band Lower band
(eq. B.8)

0 -0.0479 0.1264 -0.1743 0.0785
100 -0.0974 0.2221 -0.3195 0.1247
200 -0.1792 0.3533 -0.5326 0.1741
300 -0.3028 0.5159 -0.8187 0.2131
400 -0.4753 0.6997 -1.1750 0.2245
500 -0.7002 0.8908 -1.5910 0.1907
600 -0.9769 1.0741 -2.0509 0.0972
700 -1.3007 1.2357 -2.5364 -0.0649
800 -1.6635 1.3657 -3.0292 -0.2978
900 -2.0553 1.4580 -3.5133 -0.5973
1000 -2.4651 1.5110 -3.9761 -0.9541
1100 -2.8820 1.5263 -4.4084 -1.3557
1200 -3.2964 1.5084 -4.8047 -1.7880
1300 -3.6998 1.4627 -5.1625 -2.2371
1400 -4.0858 1.3956 -5.4813 -2.6902
1500 -4.4496 1.3130 -5.7627 -3.1366
1600 -4.7881 1.2207 -6.0088 -3.5675
1700 -5.0996 1.1231 -6.2227 -3.9765
1800 -5.3835 1.0242 -6.4078 -4.3593
1900 -5.6401 0.9270 -6.5671 -4.7132
2000 -5.8705 0.8334 -6.7039 -5.0370
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Table B.6.1.4 (continued) Predicted results of B. subtilis inactivation by the model that

integrated process conditions (eq. 2.5) and band of prediction (considering the maximum

fluctuations of temperature) for cycles of RUN 4 condition

Process variables

T (°C) = 40.30
C (mg L) = 980.0

Kinetic parameters

Kmax (S1) = = 4.1756x10°7 (eq. 2.3)

] IOgﬁ A (s) = 4.0978x10%2 (eq. 2.4)
Time (s) No Predicted bands
(eq. 2.5) ( N J
o/ log—
NO
oT Upper band Lower band

(eq. B.8)
2100 -6.0759 0.7451 -6.8211 -5.3308
2200 -6.2583 0.6630 -6.9213 -5.5953
2300 -6.4194 0.5874 -7.0068 -5.8320
2400 -6.5612 0.5186 -7.0798 -6.0427
2500 -6.6856 0.4564 -7.1420 -6.2292
2600 -6.7944 0.4006 -7.1950 -6.3938
2700 -6.8894 0.3508 -7.2402 -6.5385
2800 -6.9720 0.3066 -7.2787 -6.6654
2900 -7.0439 0.2676 -7.3114 -6.7763
3000 -7.1062 0.2331 -7.3393 -6.8731
3100 -7.1602 0.2028 -7.3631 -6.9574
3200 -7.2070 0.1763 -7.3833 -7.0307
3300 -7.2475 0.1531 -7.4006 -7.0943
3400 -7.2824 0.1329 -7.4153 -7.1495
3500 -7.3126 0.1152 -7.4278 -7.1974
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Table B.6.1.5 Predicted results of B. subtilis inactivation by the model that integrated

process conditions (eq. 2.5) and band of prediction (considering the maximum

fluctuations of temperature) for cycles of RUN 5 condition

Process variables

T (°C) = 58.70
C(mg L) = 265.5

Kinetic parameters

Kmax (1) = = 4.5707x107 (eq. 2.3)

_ |Ogﬂ A (s) = 3.2175x10%2 (eq. 2.4)
Time (s) No Predicted bands
(eq. 2.5) ( N ]
o/ log—
NO
oT Upper band Lower band
(eq. B.8)

0 -0.0730 0.2307 -0.3037 0.1577
100 -0.1481 0.3984 -0.5465 0.2504
200 -0.2696 0.6176 -0.8872 0.3481
300 -0.4479 0.8738 -1.3217 0.4258
400 -0.6887 1.1439 -1.8326 0.4551
500 -0.9917 1.4022 -2.3939 0.4106
600 -1.3506 1.6259 -2.9764 0.2753
700 -1.7546 1.7983 -3.5529 0.0437
800 -2.1902 1.9111 -4.1013 -0.2791
900 -2.6430 1.9633 -4.6063 -0.6797
1000 -3.0992 1.9598 -5.0591 -1.1394
1100 -3.5469 1.9094 -5.4562 -1.6375
1200 -3.9764 1.8222 -5.7987 -2.1542
1300 -4.3809 1.7089 -6.0899 -2.6720
1400 -4.7557 1.5791 -6.3348 -3.1765
1500 -5.0982 1.4410 -6.5392 -3.6572
1600 -5.4077 1.3010 -6.7087 -4.1066
1700 -5.6845 1.1641 -6.8486 -4.5204
1800 -5.9302 1.0337 -6.9639 -4.8966
1900 -6.1467 0.9119 -7.0586 -5.2348
2000 -6.3363 0.8001 -7.1364 -5.5362
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Table B.6.1.5 (continued) Predicted results of B. subtilis inactivation by the model that
integrated process conditions (eq. 2.5) and band of prediction (considering the maximum

fluctuations of temperature) for cycles of RUN 5 condition

Process variables

T (°C) = 58.70
C (mg L) = 265.5

Kinetic parameters

Kmax (1) = = 4.5707x107 (eq. 2.3)

_ |Ogﬂ A (s) = 3.2175x10%2 (eq. 2.4)
Time (s) No Predicted bands
(eq. 2.5) N
o/ log—
( NOJ
oT Upper band Lower band
(eq. B.8)
2100 -6.5015 0.6987 -7.2002 -5.8028
2200 -6.6449 0.6078 -7.2526 -6.0371
2300 -6.7688 0.5269 -7.2957 -6.2419
2400 -6.8756 0.4555 -7.3312 -6.4201
2500 -6.9675 0.3928 -7.3603 -6.5746
2600 -7.0463 0.3381 -7.3844 -6.7082
2700 -7.1137 0.2905 -7.4042 -6.8232
2800 -7.1714 0.2492 -7.4206 -6.9222
2900 -7.2206 0.2135 -7.4341 -7.0071
3000 -7.2626 0.1828 -7.4453 -7.0798
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Table B.6.1.6 Predicted results of B. subtilis inactivation by the model that integrated

process conditions (eq.

2.5) and band of prediction (considering the maximum

fluctuations of temperature) for cycles of RUN 6 condition

Process variables

T (°C) = 33.35
C (mg L) = 940.0

Kinetic parameters

Kmax (S1) = = 2.6874x107 (eq. 2.3)

_ |Ogﬂ A (s) = 5.1616x10"2 (eq. 2.4)
Time (s) No Predicted bands
(eq. 2.5) ( N J
o/ log—
NO
oT Upper band Lower band
(eq. B.8)

0 -0.0838 0.1019 -0.1857 0.0181
100 -0.1272 0.1415 -0.2687 0.0143
200 -0.1857 0.1891 -0.3748 0.0034
300 -0.2617 0.2438 -0.5056 -0.0179
400 -0.3574 0.3046 -0.6619 -0.0528
500 -0.4740 0.3696 -0.8436 -0.1045
600 -0.6125 0.4368 -1.0493 -0.1757
700 -0.7728 0.5041 -1.2769 -0.2687
800 -0.9543 0.5693 -1.5236 -0.3850
900 -1.1555 0.6304 -1.7860 -0.5251
1000 -1.3746 0.6858 -2.0604 -0.6887
1100 -1.6090 0.7341 -2.3431 -0.8749
1200 -1.8561 0.7743 -2.6304 -1.0818
1300 -2.1129 0.8059 -2.9189 -1.3070
1400 -2.3765 0.8288 -3.2053 -1.5478
1500 -2.6440 0.8429 -3.4870 -1.8011
1600 -2.9127 0.8489 -3.7615 -2.0638
1700 -3.1799 0.8471 -4.0270 -2.3328
1800 -3.4435 0.8385 -4.2820 -2.6050
1900 -3.7015 0.8238 -4.5253 -2.8777
2000 -3.9522 0.8039 -4.7561 -3.1483
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Table B.6.1.6 (continued) Predicted results of B. subtilis inactivation by the model that

integrated process conditions (eq. 2.5) and band of prediction (considering the maximum

fluctuations of temperature) for cycles of RUN 6 condition

Process variables

T (°C) = 33.35
C (mg L) = 940.0

Kinetic parameters

Kmax (S1) = = 2.6874x107 (eq. 2.3)

_ |Ogﬂ A (s) = 5.1616x10"2 (eq. 2.4)
Time (s) No Predicted bands
(eq. 2.5) ( N J
o/ log—
NO
oT Upper band Lower band
(eq. B.8)

2100 -4.1943 0.7797 -4.9740 -3.4146
2200 -4.4268 0.7520 -5.1788 -3.6747
2300 -4.6487 0.7216 -5.3704 -3.9271
2400 -4.8598 0.6893 -5.5491 -4.1704
2500 -5.0595 0.6557 -5.7152 -4.4037
2600 -5.2477 0.6214 -5.8691 -4.6263
2700 -5.4246 0.5868 -6.0114 -4.8377
2800 -5.5901 0.5525 -6.1426 -5.0377
2900 -5.7447 0.5187 -6.2634 -5.2261
3000 -5.8886 0.4857 -6.3743 -5.4030
3100 -6.0223 0.4537 -6.4760 -5.5686
3200 -6.1462 0.4229 -6.5692 -5.7233
3300 -6.2608 0.3935 -6.6543 -5.8674
3400 -6.3667 0.3654 -6.7321 -6.0012
3500 -6.4642 0.3389 -6.8031 -6.1254
3600 -6.5540 0.3137 -6.8677 -6.2402
3700 -6.6365 0.2901 -6.9266 -6.3464
3800 -6.7123 0.2679 -6.9802 -6.4443
3900 -6.7818 0.2472 -7.0290 -6.5346
4000 -6.8454 0.2278 -7.0732 -6.6176
4100 -6.9037 0.2098 -7.1135 -6.6939
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Table B.6.1.6 (continued) Predicted results of B. subtilis inactivation by the model that

integrated process conditions (eq. 2.5) and band of prediction (considering the maximum

fluctuations of temperature) for cycles of RUN 6 condition

Process variables

T (°C) = 33.35
C (mg L) = 940.0

Kinetic parameters

Kmax (S1) = = 2.6874x107 (eq. 2.3)

_ |Ogﬂ A (s) = 5.1616x10"2 (eq. 2.4)
Time (s) No Predicted bands
(eq. 2.5) ( N J
o/ log—
NO
oT Upper band Lower band
(eq. B.8)

4200 -6.9570 0.1930 -7.1500 -6.7640
4300 -7.0057 0.1774 -7.1831 -6.8282
4400 -7.0501 0.1630 -7.2132 -6.8871
4500 -7.0907 0.1497 -7.2404 -6.9411
4600 -7.1278 0.1373 -7.2651 -6.9904
4700 -7.1615 0.1260 -7.2875 -7.0356
4800 -7.1923 0.1155 -7.3077 -7.0768
4900 -7.2203 0.1058 -7.3261 -7.1145
5000 -7.2458 0.0969 -7.3427 -7.1489
5100 -7.2690 0.0887 -7.3578 -7.1803
5200 -7.2902 0.0812 -7.3714 -7.2090
5300 -7.3094 0.0743 -7.3837 -7.2351
5400 -7.3269 0.0680 -7.3949 -7.2589
5500 -7.3428 0.0622 -7.4049 -7.2806
5600 -7.3572 0.0568 -7.4141 -7.3004
5700 -7.3704 0.0520 -7.4223 -7.3184
5800 -7.3823 0.0475 -7.4298 -7.3348
5900 -7.3931 0.0434 -7.4365 -7.3498
6000 -7.4030 0.0396 -7.4426 -7.3634
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Table B.6.1.7 Predicted results of B. subtilis inactivation by the model that integrated

process conditions (eq. 2.5) and band of prediction (considering the maximum

fluctuations of temperature) for cycles of RUN 7 condition

Process variables

T (°C) = 59.45
C (mgL') =1004.0

Kinetic parameters

Kmax (S1) = = 8.0436x107 (eq. 2.3)

_ |Ogﬂ A (s) = 1.7396x10%2 (eq. 2.4)
Time (s) No Predicted bands
(eq. 2.5) ( N J
o/ log—
NO
oT Upper band Lower band
(eq. B.8)

0 -0.0822 0.5620 -0.6441 0.4798
100 -0.2573 1.3185 -1.5758 1.0612
200 -0.6037 2.3176 -2.9213 1.7139
300 -1.1416 3.2837 -4.4253 2.1420
400 -1.8377 3.9600 -5.7977 2.1224
500 -2.6226 4.2340 -6.8566 1.6114
600 -3.4208 4.1375 -7.5583 0.7168
700 -4.1720 3.7805 -7.9524 -0.3915
800 -4.8390 3.2851 -8.1241 -1.5539
900 -5.4060 2.7495 -8.1555 -2.6565
1000 -5.8727 2.2376 -8.1103 -3.6350
1100 -6.2474 1.7833 -8.0307 -4.4641
1200 -6.5428 1.3992 -7.9420 -5.1437
1300 -6.7727 1.0850 -7.8577 -5.6877
1400 -6.9497 0.8341 -7.7837 -6.1156
1500 -7.0849 0.6370 -7.7219 -6.4479
1600 -7.1876 0.4841 -7.6718 -6.7035
1700 -7.2654 0.3666 -7.6320 -6.8988
1800 -7.3240 0.2768 -7.6008 -7.0472
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Table B.6.1.8 Predicted results of B. subtilis inactivation by the model that integrated

process conditions (eq. 2.5) and band of prediction (considering the maximum

fluctuations of temperature) for cycles of RUN 9 condition

Process variables

T (°C) = 37.00
C(mg L) = 674.0

Kinetic parameters

Kmax (51) = = 2.5181x10°7 (eq. 2.3)

_ |Ogﬂ A (s) = 6.2185x10"2 (eq. 2.4)
Time (s) No Predicted bands
(eq. 2.5) ( N J
o/ log—
NO
oT Upper band Lower band
(eq. B.8)

0 -0.0620 0.0788 -0.1409 0.0168
100 -0.0943 0.1103 -0.2045 0.0160
200 -0.1381 0.1488 -0.2869 0.0107
300 -0.1956 0.1941 -0.3898 -0.0015
400 -0.2689 0.2457 -0.5146 -0.0232
500 -0.3595 0.3024 -0.6619 -0.0570
600 -0.4685 0.3629 -0.8315 -0.1056
700 -0.5967 0.4256 -1.0223 -0.1712
800 -0.7442 0.4885 -1.2327 -0.2556
900 -0.9103 0.5501 -1.4604 -0.3602
1000 -1.0942 0.6086 -1.7027 -0.4856
1100 -1.2942 0.6625 -1.9567 -0.6316
1200 -1.5085 0.7107 -2.2193 -0.7978
1300 -1.7350 0.7522 -2.4873 -0.9828
1400 -1.9713 0.7865 -2.7578 -1.1848
1500 -2.2150 0.8131 -3.0281 -1.4019
1600 -2.4636 0.8321 -3.2957 -1.6315
1700 -2.7148 0.8436 -3.5585 -1.8712
1800 -2.9665 0.8480 -3.8145 -2.1184
1900 -3.2164 0.8458 -4.0623 -2.3706
2000 -3.4629 0.8377 -4.3006 -2.6253
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Table B.6.1.8 (continued) Predicted results of B. subtilis inactivation by the model that

integrated process conditions (eq. 2.5) and band of prediction (considering the maximum

fluctuations of temperature) for cycles of RUN 9 condition

Process variables

T (°C) = 37.00
C (mg L) = 674.0

Kinetic parameters

Kmax (51) = = 2.5181x10°7 (eq. 2.3)

_ |Ogﬂ A (s) = 6.2185x10"2 (eq. 2.4)
Time (s) No Predicted bands
(eq. 2.5) ( N ]
o/ log—
NO
oT Upper band Lower band

(eq. B.8)
2100 -3.7044 0.8242 -4.5286 -2.8802
2200 -3.9395 0.8061 -4.7456 -3.1333
2300 -4.1670 0.7842 -4.9513 -3.3828
2400 -4.3862 0.7591 -5.1454 -3.6271
2500 -4.5963 0.7315 -5.3278 -3.8648
2600 -4.7969 0.7020 -5.4989 -4.0949
2700 -4.9876 0.6711 -5.6587 -4.3164
2800 -5.1682 0.6394 -5.8077 -4.5288
2900 -5.3389 0.6073 -5.9461 -4.7316
3000 -5.4995 0.5751 -6.0746 -4.9244
3100 -5.6504 0.5432 -6.1935 -5.1072
3200 -5.7917 0.5118 -6.3035 -5.2799
3300 -5.9237 0.4812 -6.4049 -5.4426
3400 -6.0469 0.4515 -6.4984 -5.5954
3500 -6.1616 0.4228 -6.5844 -5.7387
3600 -6.2681 0.3953 -6.6634 -5.8728
3700 -6.3670 0.3690 -6.7360 -5.9979
3800 -6.4586 0.3440 -6.8026 -6.1146
3900 -6.5434 0.3203 -6.8636 -6.2231
4000 -6.6217 0.2978 -6.9195 -6.3239
4100 -6.6940 0.2766 -6.9707 -6.4174
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Table B.6.1.8 (continued) Predicted results of B. subtilis inactivation by the model that

integrated process conditions (eq. 2.5) and band of prediction (considering the maximum

fluctuations of temperature) for cycles of RUN 9 condition

Process variables

T (°C) = 37.00
C (mg L) = 674.0

Kinetic parameters

Kmax (51) = = 2.5181x10°7 (eq. 2.3)

_ |Ogﬂ A (s) = 6.2185x10"2 (eq. 2.4)
Time (s) No Predicted bands
(eq. 2.5) ( N J
o/ log—
NO
oT Upper band Lower band

(eq. B.8)
4200 -6.7607 0.2567 -7.0175 -6.5040
4300 -6.8222 0.2380 -7.0602 -6.5842
4400 -6.8788 0.2205 -7.0993 -6.6583
4500 -6.9309 0.2041 -7.1350 -6.7268
4600 -6.9787 0.1888 -7.1675 -6.7900
4700 -7.0227 0.1745 -7.1972 -6.8482
4800 -7.0631 0.1612 -7.2244 -6.9019
4900 -7.1002 0.1489 -7.2491 -6.9513
5000 -7.1342 0.1374 -7.2716 -6.9968
5100 -7.1654 0.1267 -7.2921 -7.0386
5200 -7.1940 0.1169 -7.3108 -7.0771
5300 -7.2202 0.1077 -7.3279 -7.1124
5400 -7.2441 0.0993 -7.3434 -7.1449
5500 -7.2661 0.0914 -7.3575 -7.1747
5600 -7.2862 0.0842 -7.3704 -7.2020
5700 -7.3046 0.0775 -7.3821 -7.2271
5800 -7.3215 0.0713 -7.3928 -7.2501
5900 -7.3369 0.0656 -7.4025 -7.2712
6000 -7.3509 0.0604 -7.4113 -7.2906
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Table B.6.1.9 Predicted results of B. subtilis inactivation by the model that integrated

process conditions (eq. 2.5) and band of prediction (considering the maximum

fluctuations of temperature) for cycles of RUN 10 condition

Process variables

T (°C) = 37.00
C (mg L) = 456.0

Kinetic parameters

Kmax (51) = 1.7987x107 (eq. 2.3)

_ |Ogﬂ A (s) = 8.0121x10"2 (eq. 2.4)
Time (s) No Predicted bands
(eq. 2.5) ( N J
o/ log—
NO
oT Upper band Lower band
(eq. B.8)

0 -0.0767 0.0598 -0.1365 -0.0169
100 -0.1024 0.0758 -0.1782 -0.0266
200 -0.1343 0.0944 -0.2286 -0.0399
300 -0.1731 0.1154 -0.2885 -0.0577
400 -0.2196 0.1389 -0.3585 -0.0807
500 -0.2744 0.1647 -0.4391 -0.1097
600 -0.3381 0.1924 -0.5305 -0.1457
700 -0.4112 0.2219 -0.6331 -0.1892
800 -0.4938 0.2528 -0.7466 -0.2411
900 -0.5864 0.2845 -0.8709 -0.3018
1000 -0.6887 0.3168 -1.0054 -0.3719
1100 -0.8007 0.3491 -1.1498 -0.4516
1200 -0.9221 0.3810 -1.3031 -0.5412
1300 -1.0525 0.4120 -1.4646 -0.6405
1400 -1.1914 0.4419 -1.6333 -0.7495
1500 -1.3381 0.4701 -1.8082 -0.8680
1600 -1.4919 0.4965 -1.9883 -0.9954
1700 -1.6519 0.5207 -2.1726 -1.1313
1800 -1.8175 0.5424 -2.3599 -1.2750
1900 -1.9875 0.5617 -2.5492 -1.4258
2000 -2.1613 0.5783 -2.7396 -1.5830
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Table B.6.1.9 (continued) Predicted results of B. subtilis inactivation by the model that

integrated process conditions (eq. 2.5) and band of prediction (considering the maximum

fluctuations of temperature) for cycles of RUN 10 condition

Process variables

T (°C) = 37.00
C (mg L) = 456.0

Kinetic parameters

Kmax (51) = 1.7987x107 (eq. 2.3)

_ |Ogﬂ A (s) = 8.0121x10"2 (eq. 2.4)
Time (s) No Predicted bands
(eq. 2.5) ( N ]
o/ log—
NO
oT Upper band Lower band

(eq. B.8)
2100 -2.3379 0.5922 -2.9300 -1.7457
2200 -2.5163 0.6033 -3.1196 -1.9130
2300 -2.6959 0.6117 -3.3076 -2.0841
2400 -2.8757 0.6175 -3.4933 -2.2582
2500 -3.0551 0.6208 -3.6759 -2.4343
2600 -3.2332 0.6217 -3.8549 -2.6116
2700 -3.4096 0.6202 -4.0298 -2.7894
2800 -3.5835 0.6166 -4.2001 -2.9669
2900 -3.7545 0.6111 -4.3656 -3.1434
3000 -3.9221 0.6038 -4.5259 -3.3183
3100 -4.0859 0.5949 -4.6808 -3.4910
3200 -4.2455 0.5845 -4.8301 -3.6610
3300 -4.4008 0.5729 -4.9737 -3.8278
3400 -4.5514 0.5603 -5.1116 -3.9911
3500 -4.6971 0.5466 -5.2438 -4.1505
3600 -4.8379 0.5322 -5.3702 -4.3057
3700 -4.9737 0.5172 -5.4909 -4.4564
3800 -5.1043 0.5017 -5.6060 -4.6026
3900 -5.2298 0.4858 -5.7156 -4.7439
4000 -5.3501 0.4697 -5.8198 -4.8804
4100 -5.4654 0.4534 -5.9188 -5.0120
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Table B.6.1.9 (continued) Predicted results of B. subtilis inactivation by the model that

integrated process conditions (eq. 2.5) and band of prediction (considering the maximum

fluctuations of temperature) for cycles of RUN 10 condition

Process variables

T (°C) = 37.00
C (mg L) = 456.0

Kinetic parameters

Kmax (51) = 1.7987x107 (eq. 2.3)

_ |Ogﬂ A (s) = 8.0121x10"2 (eq. 2.4)
Time (s) No Predicted bands
(eq. 2.5) ( N J
o/ log—
NO
oT Upper band Lower band

(eq. B.8)
4200 -5.5757 0.4371 -6.0127 -5.1386
4300 -5.6810 0.4208 -6.1017 -5.2602
4400 -5.7815 0.4046 -6.1860 -5.3769
4500 -5.8772 0.3885 -6.2657 -5.4887
4600 -5.9683 0.3727 -6.3410 -5.5956
4700 -6.0550 0.3572 -6.4122 -5.6978
4800 -6.1373 0.3419 -6.4793 -5.7954
4900 -6.2155 0.3270 -6.5426 -5.8885
5000 -6.2896 0.3125 -6.6022 -5.9771
5100 -6.3599 0.2984 -6.6583 -6.0615
5200 -6.4264 0.2848 -6.7112 -6.1417
5300 -6.4894 0.2715 -6.7609 -6.2179
5400 -6.5489 0.2587 -6.8076 -6.2902
5500 -6.6052 0.2463 -6.8516 -6.3589
5600 -6.6584 0.2344 -6.8928 -6.4240
5700 -6.7086 0.2230 -6.9316 -6.4856
5800 -6.7560 0.2119 -6.9679 -6.5440
5900 -6.8007 0.2014 -7.0021 -6.5993
6000 -6.8428 0.1912 -7.0341 -6.6516
6100 -6.8825 0.1815 -7.0641 -6.7010
6200 -6.9200 0.1723 -7.0922 -6.7477
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Table B.6.1.9 (continued) Predicted results of B. subtilis inactivation by the model that

integrated process conditions (eq. 2.5) and band of prediction (considering the maximum

fluctuations of temperature) for cycles of RUN 10 condition

Process variables

T (°C) = 37.00
C (mg L) = 456.0

Kinetic parameters

Kmax (51) = 1.7987x107 (eq. 2.3)

_ |Ogﬂ A (s) = 8.0121x10"2 (eq. 2.4)
Time (s) No Predicted bands
(eq. 2.5) ( N J
o/ log—
NO
oT Upper band Lower band

(eq. B.8)
6300 -6.9552 0.1634 -7.1186 -6.7918
6400 -6.9884 0.1549 -7.1433 -6.8335
6500 -7.0196 0.1468 -7.1664 -6.8728
6600 -7.0490 0.1391 -7.1881 -6.9099
6700 -7.0766 0.1318 -7.2084 -6.9449
6800 -7.1026 0.1248 -7.2274 -6.9779
6900 -7.1271 0.1181 -7.2452 -7.0090
7000 -7.1501 0.1118 -7.2618 -7.0383
7100 -7.1717 0.1058 -7.2774 -7.0659
7200 -7.1919 0.1000 -7.2920 -7.0919
7300 -7.2110 0.0946 -7.3056 -7.1164
7400 -7.2289 0.0895 -7.3184 -7.1395
7500 -7.2457 0.0846 -7.3303 -7.1612
7600 -7.2615 0.0799 -7.3415 -7.1816
7700 -7.2763 0.0755 -7.3519 -7.2008
7800 -7.2903 0.0714 -7.3616 -7.2189
7900 -7.3033 0.0674 -7.3707 -7.2359
8000 -7.3156 0.0637 -7.3793 -7.2519
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Table B.6.1.10 Predicted results of B. subtilis inactivation by the model that integrated

process conditions (eq. 2.5) and band of prediction (considering the maximum

fluctuations of temperature) for cycles of RUN 11 condition

Process variables

T (°C) = 51.00
C (mg L) = 247.0

Kinetic parameters

Kmax (') = 3.2886x107 (eq. 2.3)

_ |Ogﬂ A (s) = 5.9661x10%2 (eq. 2.4)
Time (s) No Predicted bands
(eq. 2.5) ( N ]
o/ log—
NO
oT Upper band Lower band
(eq. B.8)

0 -0.0296 0.0672 -0.0968 0.0377
100 -0.0551 0.1120 -0.1671 0.0568
200 -0.0957 0.1738 -0.2695 0.0781
300 -0.1563 0.2536 -0.4098 0.0973
400 -0.2414 0.3501 -0.5915 0.1087
500 -0.3552 0.4603 -0.8155 0.1051
600 -0.5004 0.5795 -1.0799 0.0791
700 -0.6783 0.7020 -1.3802 0.0237
800 -0.8885 0.8217 -1.7102 -0.0668
900 -1.1292 0.9331 -2.0622 -0.1961
1000 -1.3969 1.0313 -2.4282 -0.3655
1100 -1.6872 1.1130 -2.8002 -0.5742
1200 -1.9951 1.1758 -3.1709 -0.8193
1300 -2.3152 1.2190 -3.5342 -1.0962
1400 -2.6421 1.2427 -3.8848 -1.3994
1500 -2.9707 1.2482 -4.2189 -1.7225
1600 -3.2965 1.2372 -4.5337 -2.0592
1700 -3.6155 1.2121 -4.8276 -2.4034
1800 -3.9244 1.1751 -5.0995 -2.7493
1900 -4.2206 1.1288 -5.3495 -3.0918
2000 -4.5023 1.0755 -5.5777 -3.4268
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Table B.6.1.10 (continued) Predicted results of B. subtilis inactivation by the model

that integrated process conditions (eq. 2.5) and band of prediction (considering the

maximum fluctuations of temperature) for cycles of RUN 11 condition

Process variables

T (°C) = 51.00
C (mg L) = 247.0

Kinetic parameters

Kmax (') = 3.2886x107 (eq. 2.3)

_ |Ogﬂ A (s) = 5.9661x10%2 (eq. 2.4)
Time (s) No Predicted bands
(eq. 2.5) ( N ]
o/ log—
NO
oT Upper band Lower band
(eq. B.8)

2100 -4.7680 1.0172 -5.7852 -3.7508
2200 -5.0170 0.9558 -5.9728 -4.0611
2300 -5.2488 0.8930 -6.1418 -4.3558
2400 -5.4636 0.8301 -6.2937 -4.6335
2500 -5.6616 0.7681 -6.4297 -4.8935
2600 -5.8433 0.7079 -6.5512 -5.1354
2700 -6.0095 0.6500 -6.6596 -5.3595
2800 -6.1610 0.5950 -6.7560 -5.5660
2900 -6.2987 0.5431 -6.8418 -5.7555
3000 -6.4234 0.4945 -6.9180 -5.9289
3100 -6.5362 0.4493 -6.9855 -6.0870
3200 -6.6380 0.4073 -7.0454 -6.2307
3300 -6.7297 0.3686 -7.0984 -6.3611
3400 -6.8122 0.3331 -7.1453 -6.4791
3500 -6.8862 0.3006 -7.1868 -6.5856
3600 -6.9526 0.2709 -7.2235 -6.6817
3700 -7.0120 0.2439 -7.2559 -6.7682
3800 -7.0653 0.2193 -7.2846 -6.8459
3900 -7.1128 0.1971 -7.3099 -6.9157
4000 -7.1553 0.1770 -7.3323 -6.9784
4100 -7.1932 0.1588 -7.3520 -7.0345
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Table B.6.1.10 (continued) Predicted results of B. subtilis inactivation by the model

that integrated process conditions (eq. 2.5) and band of prediction (considering the

maximum fluctuations of temperature) for cycles of RUN 11 condition

Process variables

T (°C) = 51.00
C (mg L) = 247.0

Kinetic parameters

Kmax (') = 3.2886x107 (eq. 2.3)

_ |Ogﬂ A (s) = 5.9661x10%2 (eq. 2.4)
Time (s) No Predicted bands
(eq. 2.5) ( N ]
o/ log—
NO
oT Upper band Lower band
(eq. B.8)
4200 -7.2271 0.1424 -7.3694 -7.0847
4300 -7.2572 0.1276 -7.3848 -7.1297
4400 -7.2841 0.1143 -7.3984 -7.1698
4500 -7.3081 0.1023 -7.4104 -7.2057
4600 -7.3294 0.0916 -7.4209 -7.2378
4700 -7.3484 0.0819 -7.4303 -7.2664
4800 -7.3652 0.0733 -7.4385 -7.2920
4900 -7.3803 0.0655 -7.4458 -7.3147
5000 -7.3936 0.0586 -7.4522 -7.3351
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Table B.6.1.11 Predicted results of B. subtilis inactivation by the model that integrated

process conditions (eq. 2.5) and band of prediction (considering the maximum

fluctuations of temperature) for cycles of RUN 12 condition

Process variables

T (°C) = 50.72
C (mg L) = 447.0

Kinetic parameters

Kmax (S1) = 4.0570x107 (eq. 2.3)

] IOgﬁ A (s) = 4.6703x10%2 (eq. 2.4)
Time (s) No Predicted bands
(eq. 2.5) ( N ]
o/ log—
NO
oT Upper band Lower band
(eq. B.8)

0 -0.0338 0.1033 -0.1371 0.0695
100 -0.0708 0.1877 -0.2585 0.1169
200 -0.1339 0.3082 -0.4421 0.1743
300 -0.2322 0.4638 -0.6960 0.2316
400 -0.3735 0.6474 -1.0208 0.2739
500 -0.5628 0.8467 -1.4096 0.2839
600 -0.8020 1.0470 -1.8491 0.2450
700 -1.0888 1.2335 -2.3223 0.1447
800 -1.4176 1.3936 -2.8112 -0.0239
900 -1.7803 1.5187 -3.2990 -0.2615
1000 -2.1671 1.6042 -3.7713 -0.5629
1100 -2.5681 1.6495 -4.2176 -0.9186
1200 -2.9735 1.6571 -4.6306 -1.3163
1300 -3.3745 1.6317 -5.0062 -1.7427
1400 -3.7639 1.5791 -5.3430 -2.1848
1500 -4.1360 1.5055 -5.6415 -2.6305
1600 -4.4867 1.4169 -5.9035 -3.0698
1700 -4.8132 1.3187 -6.1319 -3.4945
1800 -5.1142 1.2156 -6.3297 -3.8986
1900 -5.3891 1.1112 -6.5003 -4.2779
2000 -5.6382 1.0085 -6.6468 -4.6297
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Table B.6.1.11 (continued) Predicted results of B. subtilis inactivation by the model

that integrated process conditions (eq. 2.5) and band of prediction (considering the

maximum fluctuations of temperature) for cycles of RUN 12 condition

Process variables

T (°C) = 50.72
C (mg L) = 447.0

Kinetic parameters

Kmax (S1) = 4.0570x107 (eq. 2.3)

] IOgﬁ A (s) = 4.6703x10%2 (eq. 2.4)
Time (s) No Predicted bands
(eq. 2.5) ( N J
o/ log—
NO
oT Upper band Lower band

(eq. B.8)
2100 -5.8626 0.9097 -6.7723 -4.9529
2200 -6.0634 0.8162 -6.8795 -5.2472
2300 -6.2423 0.7289 -6.9711 -5.5134
2400 -6.4009 0.6483 -7.0492 -5.7526
2500 -6.5411 0.5746 -7.1158 -5.9665
2600 -6.6646 0.5078 -7.1725 -6.1568
2700 -6.7731 0.4477 -7.2208 -6.3255
2800 -6.8682 0.3937 -7.2619 -6.4745
2900 -6.9514 0.3456 -7.2970 -6.6057
3000 -7.0239 0.3029 -7.3268 -6.7211
3100 -7.0872 0.2651 -7.3523 -6.8222
3200 -7.1423 0.2317 -7.3739 -6.9106
3300 -7.1902 0.2023 -7.3924 -6.9879
3400 -7.2318 0.1764 -7.4082 -7.0554
3500 -7.2679 0.1537 -7.4216 -7.1141
3600 -7.2992 0.1339 -7.4331 -7.1653
3700 -7.3263 0.1166 -7.4429 -7.2098
3800 -7.3498 0.1014 -7.4512 -7.2484
3900 -7.3702 0.0882 -7.4584 -7.2820
4000 -7.3878 0.0766 -7.4644 -7.3112
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Table B.6.1.12 Predicted results of B. subtilis inactivation by the model that integrated

process conditions (eq. 2.5) and band of prediction (considering the maximum

fluctuations of temperature) for cycles of RUN 13 condition

Process variables

T (°C) = 49.93
C(mg L) = 674.5

Kinetic parameters

Kmax (51) = 4.8389x107 (eq. 2.3)

] IOgﬁ A (s) = 3.8487x10%2 (eq. 2.4)
Time (s) No Predicted bands
(eq. 2.5) ( N ]
o/ log—
NO
oT Upper band Lower band
(eq. B.8)

0 -0.0360 0.1372 -0.1732 0.1011
100 -0.0850 0.2729 -0.3579 0.1879
200 -0.1748 0.4729 -0.6477 0.2981
300 -0.3199 0.7298 -1.0497 0.4098
400 -0.5314 1.0218 -1.5532 0.4903
500 -0.8135 1.3184 -2.1319 0.5049
600 -1.1629 1.5885 -2.7514 0.4256
700 -1.5695 1.8070 -3.3766 0.2375
800 -2.0186 1.9588 -3.9773 -0.0598
900 -2.4931 2.0390 -4.5321 -0.4541
1000 -2.9764 2.0515 -5.0279 -0.9248
1100 -3.4534 2.0062 -5.4596 -1.4473
1200 -3.9123 1.9154 -5.8277 -1.9969
1300 -4.3441 1.7924 -6.1364 -2.5517
1400 -4.7429 1.6492 -6.3921 -3.0937
1500 -5.1058 1.4961 -6.6019 -3.6096
1600 -5.4316 1.3413 -6.7728 -4.0903
1700 -5.7209 1.1905 -6.9114 -4.5304
1800 -5.9756 1.0479 -7.0235 -4.9278
1900 -6.1981 0.9159 -7.1140 -5.2822
2000 -6.3911 0.7958 -7.1869 -5.5953
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Table B.6.1.12 (continued) Predicted results of B. subtilis inactivation by the model

that integrated process conditions (eq. 2.5) and band of prediction (considering the

maximum fluctuations of temperature) for cycles of RUN 13 condition

Process variables

T (°C) = 49.93
C(mgL?) =674.5

Kinetic parameters

Kmax (51) = 4.8389x107 (eq. 2.3)

] IOgﬁ A (s) = 3.8487x10%2 (eq. 2.4)
Time (s) No Predicted bands
(eq. 2.5) ( N J
o/ log—
NO
oT Upper band Lower band
(eq. B.8)

2100 -6.5578 0.6881 -7.2458 -5.8697
2200 -6.7009 0.5924 -7.2933 -6.1085
2300 -6.8235 0.5083 -7.3318 -6.3152
2400 -6.9280 0.4349 -7.3629 -6.4932
2500 -7.0170 0.3711 -7.3881 -6.6459
2600 -7.0925 0.3161 -7.4086 -6.7765
2700 -7.1566 0.2687 -7.4253 -6.8879
2800 -7.2107 0.2281 -7.4388 -6.9826
2900 -7.2565 0.1934 -7.4499 -7.0631
3000 -7.2951 0.1638 -7.4589 -7.1313
3100 -7.3277 0.1386 -7.4663 -7.1891
3200 -7.3551 0.1172 -7.4724 -7.2379
3300 -7.3783 0.0991 -7.4773 -7.2792
3400 -7.3977 0.0837 -7.4814 -7.3140
3500 -7.4141 0.0707 -7.4847 -7.3434
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Table B.6.1.13 Predicted results of B. subtilis inactivation by the model that integrated

process conditions (eq. 2.5) and band of prediction (considering the maximum

fluctuations of temperature) for cycles of RUN 14 condition

Process variables

T (°C) = 60.08
C(mg L) = 737.5

Kinetic parameters

kmax (1) = 6.9480x10° (eq. 2.3)

_ |Ogﬂ A (s) = 1.9179x10%2 (eq. 2.4)
Time (s) No Predicted bands
(eq. 2.5) ( N ]
o/ log—
NO
oT Upper band Lower band
(eq. B.8)

0 -0.0915 0.5094 -0.6010 0.4179
100 -0.2441 1.0594 -1.3035 0.8153
200 -0.5232 1.7710 -2.2942 1.2478
300 -0.9465 2.4983 -3.4447 1.5518
400 -1.5005 3.0885 -4.5890 1.5881
500 -2.1468 3.4460 -5.5928 1.2992
600 -2.8362 3.5500 -6.3862 0.7139
700 -3.5217 3.4374 -6.9591 -0.0843
800 -4.1671 3.1717 -7.3388 -0.9955
900 -4.7496 2.8189 -7.5684 -1.9307
1000 -5.2580 2.4334 -7.6914 -2.8247
1100 -5.6906 2.0535 -7.7441 -3.6371
1200 -6.0513 1.7028 -7.7541 -4.3486
1300 -6.3475 1.3927 -7.7402 -4.9548
1400 -6.5877 1.1270 -7.7147 -5.4606
1500 -6.7807 0.9045 -7.6852 -5.8761
1600 -6.9346 0.7213 -7.6559 -6.2133
1700 -7.0566 0.5723 -7.6289 -6.4843
1800 -7.1530 0.4523 -7.6053 -6.7007
1900 -7.2288 0.3564 -7.5853 -6.8724
2000 -7.2883 0.2802 -7.5685 -7.0082
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Table B.6.1.13 (continued) Predicted results of B. subtilis inactivation by the model

that integrated process conditions (eq. 2.5) and band of prediction (considering the

maximum fluctuations of temperature) for cycles of RUN 14 condition

Process variables

T (°C) = 60.08
C (mgL?) =737.5

Kinetic parameters

kmax (1) = 6.9480x10° (eq. 2.3)

_ |Ogﬂ A (s) = 1.9179x10%2 (eq. 2.4)
Time (s) No Predicted bands
(eq. 2.5) ( N ]
o/ log—
NO
oT Upper band Lower band
(eq. B.8)
2100 -7.3349 0.2199 -7.5548 -7.1151
2200 -7.3714 0.1723 -7.5436 -7.1991
2300 -7.3998 0.1348 -7.5346 -7.2650
2400 -7.4220 0.1054 -7.5274 -7.3166
2500 -7.4393 0.0824 -7.5217 -7.3569
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Table B.6.1.14 Predicted results of B. subtilis inactivation by the model that integrated

process conditions (eq. 2.5) and band of prediction (considering the maximum

fluctuations of temperature) for cycles of RUN 15 condition

Process variables

T (°C) = 61.98
C (mg L) = 498.0

Kinetic parameters

Kmax (51) = 6.1736x107 (eq. 2.3)

_ |Ogﬂ A (s) = 1.7976x10%2 (eq. 2.4)
Time (s) No Predicted bands
(eq. 2.5) ( N ]
o/ log—
NO
oT Upper band Lower band
(eq. B.8)

0 -0.1288 0.5708 -0.6996 0.4420
100 -0.2910 1.0344 -1.3254 0.7434
200 -0.5582 1.5920 -2.1502 1.0338
300 -0.9397 2.1503 -3.0900 1.2105
400 -1.4251 2.6162 -4.0413 1.1911
500 -1.9881 2.9281 -4.9162 0.9399
600 -2.5945 3.0655 -5.6600 0.4710
700 -3.2098 3.0425 -6.2523 -0.1673
800 -3.8052 2.8936 -6.6988 -0.9116
900 -4.3597 2.6596 -7.0193 -1.7001
1000 -4.8606 2.3787 -7.2394 -2.4819
1100 -5.3022 2.0816 -7.3838 -3.2206
1200 -5.6840 1.7901 -7.4741 -3.8939
1300 -6.0089 1.5181 -7.5270 -4.4908
1400 -6.2820 1.2731 -7.5551 -5.0088
1500 -6.5092 1.0582 -7.5674 -5.4510
1600 -6.6967 0.8733 -7.5700 -5.8234
1700 -6.8506 0.7166 -7.5672 -6.1339
1800 -6.9761 0.5854 -7.5615 -6.3907
1900 -7.0781 0.4764 -7.5545 -6.6017
2000 -7.1608 0.3866 -7.5474 -6.7741
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Table B.6.1.14 (continued) Predicted results of B. subtilis inactivation by the model

that integrated process conditions (eq. 2.5) and band of prediction (considering the

maximum fluctuations of temperature) for cycles of RUN 15 condition

Process variables

T (°C) = 61.98
C (mg L) = 498.0

Kinetic parameters

Kmax (51) = 6.1736x107 (eq. 2.3)

_ |Ogﬂ A (s) = 1.7976x10%2 (eq. 2.4)
Time (s) No Predicted bands
(eq. 2.5) ( N ]
o/ log—
NO
oT Upper band Lower band
(eq. B.8)
2100 -7.2275 0.3130 -7.5405 -6.9145
2200 -7.2813 0.2529 -7.5343 -7.0284
2300 -7.3247 0.2041 -7.5287 -7.1206
2400 -7.3595 0.1645 -7.5240 -7.1950
2500 -7.3874 0.1324 -7.5199 -7.2550

296



Appendix B

Appendix to Chapter 2

1500 2000 2500 3000

log (N/No)

0 2000
(©),

4000

U (s)

6000 8000 10000 12000 14000

U (s)

1500 2000 2500 3000

U (s)

1000 2000 3000 4000 5000 6000 7000

U (s)

500 1000 1500 2000 2500 3000 3500

@

log (N/No)

&

U (s)

1000 2000 3000 4000 5000 6000

log (N/No)

U (s)

297




Appendix B

Appendix to Chapter 2

Iog (N/No)

1200

1500

1800

] 1000

2000

3000

5000

6000

7000

8000

0 500

1000

1500

U (s)

2000

2500

3000

3500

4000

U (s)

1000

2000

3000

4000

5000

6000

(), °

log (N/No)

1000

1500

2000

U (s)

2500

3000

3500

4000 4500

5000

[

log (N/No)

&

1500

U (s)

2000

2500

3000

3500

log (N/No)

U (s)

298




Appendix B

Appendix to Chapter 2

1500

2000 2500

(m) 0 500 1000
0 T T

Iog (N/No)

1000

1500

2000

2500

[ 500
(), !

log (N/No)

Figure B.6.1 Inactivation of B. subtilis spores by EO sterilisation.

a)
b)
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d)
e)

f)

Predicted data by eq. 2.5
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------- Upper and lower limits of predicted data,

considering that T fluctuates in a random and

independent way of 1 %
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Table B.6.2.1 Predicted results of B. subtilis inactivation by the model that integrated

process conditions (eq. 2.5) and band of prediction (considering the maximum

fluctuations of EO concentration) for cycles of RUN 1 condition

Process variables

T (°C) = 59.50
C(mg L") = 232.5

Kinetic parameters

Kmax (S1) = 4.5460x107 (eq. 2.3)

_ |Ogﬂ A (s) = 3.0705x10%2 (eq. 2.4)
Time (s) No Predicted bands
(eq. 2.5) ( N ]
o log—
No
ac Upper band Lower band
(eq. B.9)

0 -0.0826 0.0959 -0.1785 0.0132
100 -0.1639 0.1614 -0.3252 -0.0025
200 -0.2930 0.2448 -0.5377 -0.0482
300 -0.4794 0.3399 -0.8194 -0.1395
400 -0.7280 0.4381 -1.1661 -0.2900
500 -1.0376 0.5299 -1.5675 -0.5077
600 -1.4013 0.6073 -2.0085 -0.7940
700 -1.8080 0.6650 -2.4729 -1.1430
800 -2.2441 0.7005 -2.9446 -1.5437
900 -2.6956 0.7140 -3.4096 -1.9815
1000 -3.1489 0.7079 -3.8568 -2.4410
1100 -3.5926 0.6854 -4.2780 -2.9072
1200 -4.0176 0.6505 -4.6681 -3.3671
1300 -4.4172 0.6069 -5.0242 -3.8103
1400 -4.7871 0.5582 -5.3454 -4.2289
1500 -5.1250 0.5072 -5.6322 -4.6178
1600 -5.4302 0.4560 -5.8862 -4.9741
1700 -5.7032 0.4065 -6.1097 -5.2967
1800 -5.9455 0.3596 -6.3051 -5.5859
1900 -6.1590 0.3162 -6.4752 -5.8429
2000 -6.3461 0.2765 -6.6226 -6.0696
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Table B.6.2.1 (continued) Predicted results of B. subtilis inactivation by the model that
integrated process conditions (eq. 2.5) and band of prediction (considering the maximum

fluctuations of EO concentration) for cycles of RUN 1 condition

Process variables

T (°C) = 59.50
C (mgL?) =232.5

Kinetic parameters

Kmax (S1) = 4.5460x107 (eq. 2.3)

_ |Ogﬂ A (s) = 3.0705x10%2 (eq. 2.4)
Time (s) No Predicted bands
(eq. 2.5) ( N ]
o log—
No
ac Upper band Lower band
(eq. B.9)
2100 -6.5092 0.2406 -6.7499 -6.2686
2200 -6.6508 0.2087 -6.8595 -6.4422
2300 -6.7733 0.1804 -6.9537 -6.5930
2400 -6.8790 0.1554 -7.0345 -6.7236
2500 -6.9699 0.1337 -7.1036 -6.8363
2600 -7.0480 0.1147 -7.1627 -6.9333
2700 -7.1148 0.0983 -7.2131 -7.0166
2800 -7.1720 0.0841 -7.2561 -7.0880
2900 -7.2209 0.0718 -7.2927 -7.1491
3000 -7.2626 0.0613 -7.3239 -7.2013
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Table B.6.2.2 Predicted results of B. subtilis inactivation by the model that integrated

process conditions (eq. 2.5) and band of prediction (considering the maximum

fluctuations of EO concentration) for cycles of RUN 2 condition

Process variables

T (°C) = 43.65
C (mg L) = 257.0

Kinetic parameters

Kmax (51) = 2.1810x107 (eq. 2.3)

_ |Ogﬂ A (s) = 8.3787x10"2 (eq. 2.4)
Time (s) No Predicted bands
(eq. 2.5) ( N ]
o log—
No
ac Upper band Lower band
(eq. B.9)

0 -0.0385 0.0218 -0.0603 -0.0168
100 -0.0575 0.0300 -0.0875 -0.0275
200 -0.0833 0.0402 -0.1235 -0.0430
300 -0.1172 0.0524 -0.1696 -0.0648
400 -0.1608 0.0665 -0.2273 -0.0943
500 -0.2153 0.0823 -0.2977 -0.1330
600 -0.2820 0.0998 -0.3818 -0.1823
700 -0.3619 0.1184 -0.4803 -0.2435
800 -0.4557 0.1379 -0.5935 -0.3178
900 -0.5638 0.1578 -0.7216 -0.4060
1000 -0.6863 0.1777 -0.8640 -0.5087
1100 -0.8231 0.1971 -1.0202 -0.6260
1200 -0.9736 0.2156 -1.1892 -0.7580
1300 -1.1371 0.2329 -1.3700 -0.9042
1400 -1.3124 0.2486 -1.5610 -1.0637
1500 -1.4983 0.2625 -1.7608 -1.2357
1600 -1.6934 0.2744 -1.9678 -1.4189
1700 -1.8962 0.2842 -2.1804 -1.6119
1800 -2.1051 0.2919 -2.3969 -1.8132
1900 -2.3185 0.2973 -2.6158 -2.0212
2000 -2.5349 0.3007 -2.8355 -2.2342
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Table B.6.2.2 (continued) Predicted results of B. subtilis inactivation by the model that

integrated process conditions (eq. 2.5) and band of prediction (considering the maximum

fluctuations of EO concentration) for cycles of RUN 2 condition

Process variables

T (°C) = 43.65
C (mg L) = 257.0

Kinetic parameters

Kmax (51) = 2.1810x107 (eq. 2.3)

_ |Ogﬂ A (s) = 8.3787x10"2 (eq. 2.4)
Time (s) No Predicted bands
(eq. 2.5) ( N ]
o log—
No
ac Upper band Lower band
(eq. B.9)

2100 -2.7527 0.3020 -3.0547 -2.4508
2200 -2.9706 0.3014 -3.2720 -2.6692
2300 -3.1873 0.2991 -3.4864 -2.8882
2400 -3.4015 0.2952 -3.6967 -3.1062
2500 -3.6121 0.2900 -3.9021 -3.3222
2600 -3.8184 0.2835 -4.1019 -3.5349
2700 -4.0194 0.2760 -4.2955 -3.7434
2800 -4.2146 0.2677 -4.4823 -3.9469
2900 -4.4033 0.2587 -4.6620 -4.1446
3000 -4.5852 0.2492 -4.8343 -4.3360
3100 -4.7599 0.2392 -4.9991 -4.5207
3200 -4.9273 0.2290 -5.1563 -4.6983
3300 -5.0872 0.2187 -5.3059 -4.8685
3400 -5.2395 0.2083 -5.4478 -5.0311
3500 -5.3843 0.1980 -5.5823 -5.1863
3600 -5.5216 0.1878 -5.7095 -5.3338
3700 -5.6517 0.1778 -5.8295 -5.4739
3800 -5.7745 0.1680 -5.9426 -5.6065
3900 -5.8904 0.1585 -6.0489 -5.7319
4000 -5.9996 0.1493 -6.1489 -5.8502
4100 -6.1022 0.1405 -6.2427 -5.9617
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Table B.6.2.2 (continued) Predicted results of B. subtilis inactivation by the model that

integrated process conditions (eq. 2.5) and band of prediction (considering the maximum

fluctuations of EO concentration) for cycles of RUN 2 condition

Process variables

T (°C) = 43.65
C (mg L) = 257.0

Kinetic parameters

Kmax (51) = 2.1810x107 (eq. 2.3)

_ |Ogﬂ A (s) = 8.3787x10"2 (eq. 2.4)
Time (s) No Predicted bands
(eq. 2.5) ( N ]
o log—
No
ac Upper band Lower band
(eq. B.9)

4200 -6.1986 0.1320 -6.3306 -6.0666
4300 -6.2891 0.1239 -6.4129 -6.1652
4400 -6.3738 0.1161 -6.4899 -6.2577
4500 -6.4531 0.1087 -6.5618 -6.3444
4600 -6.5273 0.1017 -6.6290 -6.4256
4700 -6.5966 0.0951 -6.6916 -6.5015
4800 -6.6612 0.0888 -6.7500 -6.5724
4900 -6.7215 0.0829 -6.8044 -6.6387
5000 -6.7778 0.0773 -6.8550 -6.7005
5100 -6.8301 0.0720 -6.9022 -6.7581
5200 -6.8789 0.0671 -6.9460 -6.8118
5300 -6.9242 0.0625 -6.9867 -6.8618
5400 -6.9664 0.0581 -7.0245 -6.9083
5500 -7.0056 0.0541 -7.0596 -6.9515
5600 -7.0420 0.0503 -7.0922 -6.9917
5700 -7.0758 0.0467 -7.1225 -7.0291
5800 -7.1072 0.0434 -7.1506 -7.0638
5900 -7.1363 0.0403 -7.1766 -7.0960
6000 -7.1633 0.0374 -7.2007 -7.1259
6100 -7.1884 0.0347 -7.2231 -7.1536
6200 -7.2116 0.0322 -7.2438 -7.1794
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Table B.6.2.2 (continued) Predicted results of B. subtilis inactivation by the model that

integrated process conditions (eq. 2.5) and band of prediction (considering the maximum

fluctuations of EO concentration) for cycles of RUN 2 condition

Process variables

T (°C) = 43.65
C (mg L) = 257.0

Kinetic parameters

Kmax (51) = 2.1810x107 (eq. 2.3)

_ |Ogﬂ A (s) = 8.3787x10"2 (eq. 2.4)
Time (s) No Predicted bands
(eq. 2.5) ( N ]
o log—
No
ac Upper band Lower band
(eq. B.9)
6300 -7.2331 0.0299 -7.2630 -7.2032
6400 -7.2531 0.0277 -7.2808 -7.2253
6500 -7.2715 0.0257 -7.2972 -7.2458
6600 -7.2887 0.0238 -7.3125 -7.2648
6700 -7.3045 0.0221 -7.3266 -7.2824
6800 -7.3192 0.0205 -7.3396 -7.2987
6900 -7.3328 0.0190 -7.3517 -7.3138
7000 -7.3453 0.0176 -7.3629 -7.3278
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Table B.6.2.3 Predicted results of B. subtilis inactivation by the model that integrated

process conditions (eq. 2.5) and band of prediction (considering the maximum

fluctuations of EO concentration) for cycles of RUN 3 condition

Process variables

T (°C) = 34.30
C(mg L") =221.5

Kinetic parameters

kmax (1) = 6.0837x10™ (eq. 2.3)

_ |Ogﬂ A (s) = 1.2312x10"3 (eq. 2.4)
Time (s) No Predicted bands
(eq. 2.5) ( N ]
o log—
No
ac Upper band Lower band
(eq. B.9)

0 -0.2120 0.0204 -0.2324 -0.1916
100 -0.2291 0.0216 -0.2507 -0.2076
200 -0.2472 0.0228 -0.2701 -0.2244
300 -0.2663 0.0241 -0.2904 -0.2423
400 -0.2865 0.0254 -0.3118 -0.2611
500 -0.3076 0.0267 -0.3343 -0.2809
600 -0.3298 0.0281 -0.3579 -0.3017
700 -0.3530 0.0295 -0.3825 -0.3236
800 -0.3774 0.0309 -0.4082 -0.3465
900 -0.4028 0.0323 -0.4351 -0.3705
1000 -0.4293 0.0337 -0.4630 -0.3956
1100 -0.4570 0.0352 -0.4921 -0.4218
1200 -0.4857 0.0366 -0.5223 -0.4491
1300 -0.5156 0.0381 -0.5537 -0.4775
1400 -0.5466 0.0396 -0.5862 -0.5070
1500 -0.5787 0.0411 -0.6198 -0.5376
1600 -0.6120 0.0426 -0.6545 -0.5694
1700 -0.6463 0.0441 -0.6904 -0.6023
1800 -0.6818 0.0456 -0.7274 -0.6363
1900 -0.7184 0.0471 -0.7655 -0.6714
2000 -0.7561 0.0485 -0.8047 -0.7076

306



Appendix B

Appendix to Chapter 2

Table B.6.2.3 (continued) Predicted results of B. subtilis inactivation by the model that

integrated process conditions (eq. 2.5) and band of prediction (considering the maximum

fluctuations of EO concentration) for cycles of RUN 3 condition

Process variables

T (°C) = 34.30
C(mgL?) =221.5

Kinetic parameters

kmax (1) = 6.0837x10™ (eq. 2.3)

_ |Ogﬂ A (s) = 1.2312x10"3 (eq. 2.4)
Time (s) No Predicted bands
(eq. 2.5) ( N ]
o log—
No
ac Upper band Lower band
(eq. B.9)

2100 -0.7949 0.0500 -0.8449 -0.7449
2200 -0.8348 0.0515 -0.8863 -0.7834
2300 -0.8758 0.0529 -0.9287 -0.8229
2400 -0.9178 0.0543 -0.9721 -0.8634
2500 -0.9608 0.0557 -1.0165 -0.9050
2600 -1.0048 0.0571 -1.0620 -0.9477
2700 -1.0498 0.0585 -1.1083 -0.9913
2800 -1.0958 0.0598 -1.1557 -1.0360
2900 -1.1428 0.0612 -1.2039 -1.0816
3000 -1.1906 0.0624 -1.2531 -1.1282
3100 -1.2394 0.0637 -1.3031 -1.1757
3200 -1.2890 0.0649 -1.3540 -1.2241
3300 -1.3395 0.0661 -1.4056 -1.2734
3400 -1.3908 0.0673 -1.4581 -1.3235
3500 -1.4428 0.0684 -1.5112 -1.3744
3600 -1.4957 0.0695 -1.5651 -1.4262
3700 -1.5492 0.0705 -1.6197 -1.4787
3800 -1.6034 0.0715 -1.6749 -1.5319
3900 -1.6583 0.0725 -1.7307 -1.5858
4000 -1.7137 0.0734 -1.7872 -1.6403
4100 -1.7698 0.0743 -1.8441 -1.6955
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Table B.6.2.3 (continued) Predicted results of B. subtilis inactivation by the model that

integrated process conditions (eq. 2.5) and band of prediction (considering the maximum

fluctuations of EO concentration) for cycles of RUN 3 condition

Process variables

T (°C) = 34.30
C(mgL?) =221.5

Kinetic parameters

kmax (1) = 6.0837x10™ (eq. 2.3)

_ |Ogﬂ A (s) = 1.2312x10"3 (eq. 2.4)
Time (s) No Predicted bands
(eq. 2.5) ( N ]
o log—
No
ac Upper band Lower band
(eq. B.9)

4200 -1.8264 0.0751 -1.9016 -1.7513
4300 -1.8836 0.0759 -1.9595 -1.8076
4400 -1.9412 0.0767 -2.0179 -1.8645
4500 -1.9993 0.0774 -2.0767 -1.9219
4600 -2.0577 0.0781 -2.1358 -1.9797
4700 -2.1166 0.0787 -2.1953 -2.0379
4800 -2.1758 0.0793 -2.2551 -2.0966
4900 -2.2353 0.0798 -2.3151 -2.1555
5000 -2.2951 0.0803 -2.3754 -2.2149
5100 -2.3552 0.0807 -2.4359 -2.2744
5200 -2.4154 0.0811 -2.4966 -2.3343
5300 -2.4759 0.0815 -2.5574 -2.3944
5400 -2.5364 0.0818 -2.6182 -2.4546
5500 -2.5971 0.0821 -2.6792 -2.5150
5600 -2.6579 0.0823 -2.7402 -2.5756
5700 -2.7187 0.0825 -2.8012 -2.6362
5800 -2.7795 0.0827 -2.8622 -2.6969
5900 -2.8404 0.0828 -2.9231 -2.7576
6000 -2.9011 0.0828 -2.9840 -2.8183
6100 -2.9619 0.0829 -3.0447 -2.8790
6200 -3.0225 0.0829 -3.1054 -2.9396
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Table B.6.2.3 (continued) Predicted results of B. subtilis inactivation by the model that

integrated process conditions (eq. 2.5) and band of prediction (considering the maximum

fluctuations of EO concentration) for cycles of RUN 3 condition

Process variables

T (°C) = 34.30
C(mgL?) =221.5

Kinetic parameters

kmax (1) = 6.0837x10™ (eq. 2.3)

_ |Ogﬂ A (s) = 1.2312x10"3 (eq. 2.4)
Time (s) No Predicted bands
(eq. 2.5) ( N ]
o log—
No
ac Upper band Lower band
(eq. B.9)

6300 -3.0830 0.0828 -3.1658 -3.0002
6400 -3.1434 0.0828 -3.2261 -3.0606
6500 -3.2035 0.0826 -3.2862 -3.1209
6600 -3.2635 0.0825 -3.3460 -3.1810
6700 -3.3233 0.0823 -3.4056 -3.2410
6800 -3.3828 0.0821 -3.4649 -3.3007
6900 -3.4420 0.0819 -3.5239 -3.3602
7000 -3.5010 0.0816 -3.5826 -3.4194
7100 -3.5597 0.0813 -3.6409 -3.4784
7200 -3.6180 0.0809 -3.6989 -3.5370
7300 -3.6760 0.0806 -3.7566 -3.5954
7400 -3.7336 0.0802 -3.8138 -3.6534
7500 -3.7908 0.0798 -3.8706 -3.7110
7600 -3.8476 0.0794 -3.9270 -3.7683
7700 -3.9041 0.0789 -3.9830 -3.8252
7800 -3.9600 0.0784 -4.0385 -3.8816
7900 -4.0156 0.0779 -4.0935 -3.9377
8000 -4.0707 0.0774 -4.1481 -3.9933
8100 -4.1253 0.0768 -4.2021 -4.0484
8200 -4.1794 0.0763 -4.2557 -4.1031
8300 -4.2331 0.0757 -4.3087 -4.1574
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Table B.6.2.3 (continued) Predicted results of B. subtilis inactivation by the model that

integrated process conditions (eq. 2.5) and band of prediction (considering the maximum

fluctuations of EO concentration) for cycles of RUN 3 condition

Process variables

T (°C) = 34.30
C(mgL?) =221.5

Kinetic parameters

kmax (1) = 6.0837x10™ (eq. 2.3)

_ |Ogﬂ A (s) = 1.2312x10"3 (eq. 2.4)
Time (s) No Predicted bands
(eq. 2.5) ( N ]
o log—
No
ac Upper band Lower band
(eq. B.9)

8400 -4.2862 0.0751 -4.3613 -4.2111
8500 -4.3388 0.0745 -4.4133 -4.2643
8600 -4.3909 0.0739 -4.4648 -4.3170
8700 -4.4425 0.0732 -4.5157 -4.3692
8800 -4.4935 0.0726 -4.5661 -4.4209
8900 -4.5440 0.0719 -4.6159 -4.4721
9000 -4.5939 0.0712 -4.6651 -4.5227
9100 -4.6433 0.0705 -4.7138 -4.5727
9200 -4.6921 0.0698 -4.7619 -4.6223
9300 -4.7403 0.0691 -4.8095 -4.6712
9400 -4.7880 0.0684 -4.8564 -4.7196
9500 -4.8351 0.0677 -4.9028 -4.7674
9600 -4.8816 0.0670 -4.9486 -4.8146
9700 -4.9275 0.0662 -4.9938 -4.8613
9800 -4.9729 0.0655 -5.0384 -4.9074
9900 -5.0176 0.0647 -5.0824 -4.9529
10000 -5.0618 0.0640 -5.1258 -4.9978
10100 -5.1054 0.0632 -5.1686 -5.0422
10200 -5.1484 0.0625 -5.2109 -5.0859
10300 -5.1908 0.0617 -5.2525 -5.1291
10400 -5.2327 0.0610 -5.2936 -5.1717
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Table B.6.2.3 (continued) Predicted results of B. subtilis inactivation by the model that

integrated process conditions (eq. 2.5) and band of prediction (considering the maximum

fluctuations of EO concentration) for cycles of RUN 3 condition

Process variables

T (°C) = 34.30
C(mgL?) =221.5

Kinetic parameters

kmax (1) = 6.0837x10™ (eq. 2.3)

_ |Ogﬂ A (s) = 1.2312x10"3 (eq. 2.4)
Time (s) No Predicted bands
(eq. 2.5) ( N ]
o log—
No
ac Upper band Lower band
(eq. B.9)

10500 -5.2739 0.0602 -5.3341 -5.2137
10600 -5.3146 0.0594 -5.3740 -5.2551
10700 -5.3546 0.0587 -5.4133 -5.2960
10800 -5.3941 0.0579 -5.4520 -5.3362
10900 -5.4330 0.0571 -5.4902 -5.3759
11000 -5.4714 0.0564 -5.5277 -5.4150
11100 -5.5091 0.0556 -5.5647 -5.4535
11200 -5.5463 0.0549 -5.6012 -5.4915
11300 -5.5829 0.0541 -5.6370 -5.5288
11400 -5.6190 0.0534 -5.6723 -5.5656
11500 -5.6545 0.0526 -5.7071 -5.6019
11600 -5.6894 0.0519 -5.7413 -5.6376
11700 -5.7238 0.0511 -5.7749 -5.6727
11800 -5.7577 0.0504 -5.8080 -5.7073
11900 -5.7909 0.0496 -5.8406 -5.7413
12000 -5.8237 0.0489 -5.8726 -5.7748
12100 -5.8559 0.0482 -5.9041 -5.8077
12200 -5.8876 0.0475 -5.9351 -5.8401
12300 -5.9188 0.0467 -5.9655 -5.8720
12400 -5.9494 0.0460 -5.9954 -5.9034
12500 -5.9795 0.0453 -6.0249 -5.9342
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Table B.6.2.3 (continued) Predicted results of B. subtilis inactivation by the model that

integrated process conditions (eq. 2.5) and band of prediction (considering the maximum

fluctuations of EO concentration) for cycles of RUN 3 condition

Process variables

T (°C) = 34.30
C(mgL?) =221.5

Kinetic parameters

kmax (1) = 6.0837x10™ (eq. 2.3)

_ |Ogﬂ A (s) = 1.2312x10"3 (eq. 2.4)
Time (s) No Predicted bands
(eq. 2.5) ( N ]
o log—
No
ac Upper band Lower band
(eq. B.9)

12600 -6.0091 0.0446 -6.0538 -5.9645
12700 -6.0383 0.0439 -6.0822 -5.9943
12800 -6.0669 0.0432 -6.1101 -6.0236
12900 -6.0950 0.0426 -6.1376 -6.0524
13000 -6.1226 0.0419 -6.1645 -6.0807
13100 -6.1498 0.0412 -6.1910 -6.1086
13200 -6.1765 0.0406 -6.2170 -6.1359
13300 -6.2027 0.0399 -6.2426 -6.1628
13400 -6.2284 0.0393 -6.2677 -6.1892
13500 -6.2537 0.0386 -6.2923 -6.2151
13600 -6.2785 0.0380 -6.3165 -6.2406
13700 -6.3029 0.0374 -6.3403 -6.2656
13800 -6.3269 0.0367 -6.3636 -6.2901
13900 -6.3504 0.0361 -6.3865 -6.3143
14000 -6.3735 0.0355 -6.4090 -6.3380
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Table B.6.2.4 Predicted results of B. subtilis inactivation by the model that integrated

process conditions (eq. 2.5) and band of prediction (considering the maximum

fluctuations of EO concentration) for cycles of RUN 4 condition

Process variables

T (°C) = 40.30
C (mg L) = 980.0

Kinetic parameters

Kmax (51) = 4.1756x107 (eq. 2.3)

] IOgﬁ A (s) = 4.0978x10%2 (eq. 2.4)
Time (s) No Predicted bands
(eq. 2.5) ( N ]
o log—
No
ac Upper band Lower band
(eq. B.9)

0 -0.0479 0.0482 -0.0961 0.0003
100 -0.0974 0.0844 -0.1818 -0.0130
200 -0.1792 0.1338 -0.3130 -0.0455
300 -0.3028 0.1946 -0.4974 -0.1082
400 -0.4753 0.2630 -0.7382 -0.2123
500 -0.7002 0.3336 -1.0337 -0.3666
600 -0.9769 0.4007 -1.3776 -0.5762
700 -1.3007 0.4594 -1.7601 -0.8413
800 -1.6635 0.5059 -2.1694 -1.1576
900 -2.0553 0.5382 -2.5935 -1.5171
1000 -2.4651 0.5558 -3.0209 -1.9093
1100 -2.8820 0.5595 -3.4416 -2.3225
1200 -3.2964 0.5510 -3.8474 -2.7453
1300 -3.6998 0.5325 -4.2323 -3.1673
1400 -4.0858 0.5064 -4.5922 -3.5794
1500 -4.4496 0.4748 -4.9244 -3.9748
1600 -4.7881 0.4399 -5.2281 -4.3482
1700 -5.0996 0.4034 -5.5031 -4.6962
1800 -5.3835 0.3667 -5.7502 -5.0168
1900 -5.6401 0.3308 -5.9709 -5.3093
2000 -5.8705 0.2964 -6.1669 -5.5740
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Table B.6.2.4 (continued) Predicted results of B. subtilis inactivation by the model that

integrated process conditions (eq. 2.5) and band of prediction (considering the maximum

fluctuations of EO concentration) for cycles of RUN 4 condition

Process variables

T (°C) = 40.30
C (mg L) = 980.0

Kinetic parameters

Kmax (51) = 4.1756x107 (eq. 2.3)

] IOgﬁ A (s) = 4.0978x10%2 (eq. 2.4)
Time (s) No Predicted bands
(eq. 2.5) ( N ]
o log—
No
ac Upper band Lower band
(eq. B.9)

2100 -6.0759 0.2642 -6.3401 -5.8118
2200 -6.2583 0.2343 -6.4926 -6.0240
2300 -6.4194 0.2069 -6.6263 -6.2125
2400 -6.5612 0.1821 -6.7433 -6.3791
2500 -6.6856 0.1597 -6.8454 -6.5259
2600 -6.7944 0.1398 -6.9342 -6.6546
2700 -6.8894 0.1220 -7.0114 -6.7673
2800 -6.9720 0.1063 -7.0784 -6.8657
2900 -7.0439 0.0925 -7.1364 -6.9514
3000 -7.1062 0.0803 -7.1866 -7.0259
3100 -7.1602 0.0697 -7.2299 -7.0905
3200 -7.2070 0.0604 -7.2674 -7.1466
3300 -7.2475 0.0523 -7.2998 -7.1952
3400 -7.2824 0.0452 -7.3277 -7.2372
3500 -7.3126 0.0391 -7.3517 -7.2735
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Table B.6.2.5 Predicted results of B. subtilis inactivation by the model that integrated

process conditions (eq. 2.5) and band of prediction (considering the maximum

fluctuations of EO concentration) for cycles of RUN 5 condition

Process variables

T (°C) = 58.70
C(mg L) = 265.5

Kinetic parameters

Kmax (51) = 4.5707x107 (eq. 2.3)

_ |Ogﬂ A (s) = 3.2175x10%2 (eq. 2.4)
Time (s) No Predicted bands
(eq. 2.5) ( N ]
o log—
No
ac Upper band Lower band
(eq. B.9)

0 -0.0730 0.0869 -0.1599 0.0139
100 -0.1481 0.1495 -0.2975 0.0014
200 -0.2696 0.2307 -0.5003 -0.0389
300 -0.4479 0.3251 -0.7730 -0.1228
400 -0.6887 0.4239 -1.1126 -0.2649
500 -0.9917 0.5175 -1.5092 -0.4742
600 -1.3506 0.5976 -1.9482 -0.7529
700 -1.7546 0.6584 -2.4130 -1.0962
800 -2.1902 0.6969 -2.8872 -1.4933
900 -2.6430 0.7131 -3.3562 -1.9299
1000 -3.0992 0.7091 -3.8083 -2.3901
1100 -3.5469 0.6881 -4.2350 -2.8587
1200 -3.9764 0.6542 -4.6306 -3.3223
1300 -4.3809 0.6112 -4.9921 -3.7698
1400 -4.7557 0.5626 -5.3182 -4.1931
1500 -5.0982 0.5114 -5.6096 -4.5868
1600 -5.4077 0.4600 -5.8676 -4.9477
1700 -5.6845 0.4100 -6.0945 -5.2745
1800 -5.9302 0.3627 -6.2929 -5.5675
1900 -6.1467 0.3188 -6.4655 -5.8279
2000 -6.3363 0.2787 -6.6149 -6.0576
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Table B.6.2.5 (continued) Predicted results of B. subtilis inactivation by the model that
integrated process conditions (eq. 2.5) and band of prediction (considering the maximum

fluctuations of EO concentration) for cycles of RUN 5 condition

Process variables

T (°C) = 58.70
C (mg L) = 265.5

Kinetic parameters

Kmax (51) = 4.5707x107 (eq. 2.3)

_ |Ogﬂ A (s) = 3.2175x10%2 (eq. 2.4)
Time (s) No Predicted bands
(eq. 2.5) ( N ]
o log—
No
ac Upper band Lower band
(eq. B.9)
2100 -6.5015 0.2424 -6.7439 -6.2591
2200 -6.6449 0.2101 -6.8550 -6.4347
2300 -6.7688 0.1815 -6.9503 -6.5873
2400 -6.8756 0.1563 -7.0320 -6.7193
2500 -6.9675 0.1343 -7.1018 -6.8332
2600 -7.0463 0.1152 -7.1615 -6.9311
2700 -7.1137 0.0986 -7.2123 -7.0151
2800 -7.1714 0.0843 -7.2557 -7.0871
2900 -7.2206 0.0720 -7.2926 -7.1486
3000 -7.2626 0.0614 -7.3240 -7.2012
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Table B.6.2.6 Predicted results of B. subtilis inactivation by the model that integrated

process conditions (eq. 2.5) and band of prediction (considering the maximum

fluctuations of EO concentration) for cycles of RUN 6 condition

Process variables

T (°C) = 33.35
C (mg L) = 940.0

Kinetic parameters

Kmax (S1) = 2.6874x107 (eq. 2.3)

_ |Ogﬂ A (s) = 5.1616x10"2 (eq. 2.4)
Time (s) No Predicted bands
(eq. 2.5) ( N ]
o log—
No
ac Upper band Lower band
(eq. B.9)

0 -0.0838 0.0451 -0.1289 -0.0388
100 -0.1272 0.0621 -0.1893 -0.0651
200 -0.1857 0.0824 -0.2681 -0.1033
300 -0.2617 0.1056 -0.3673 -0.1562
400 -0.3574 0.1310 -0.4883 -0.2264
500 -0.4740 0.1579 -0.6319 -0.3161
600 -0.6125 0.1854 -0.7979 -0.4271
700 -0.7728 0.2126 -0.9854 -0.5602
800 -0.9543 0.2385 -1.1928 -0.7158
900 -1.1555 0.2624 -1.4180 -0.8931
1000 -1.3746 0.2837 -1.6583 -1.0909
1100 -1.6090 0.3018 -1.9108 -1.3072
1200 -1.8561 0.3163 -2.1724 -1.5398
1300 -2.1129 0.3272 -2.4401 -1.7857
1400 -2.3765 0.3345 -2.7110 -2.0421
1500 -2.6440 0.3381 -2.9822 -2.3059
1600 -2.9127 0.3385 -3.2511 -2.5742
1700 -3.1799 0.3358 -3.5157 -2.8441
1800 -3.4435 0.3304 -3.7739 -3.1131
1900 -3.7015 0.3227 -4.0242 -3.3787
2000 -3.9522 0.3131 -4.2653 -3.6391
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Table B.6.2.6 (continued) Predicted results of B. subtilis inactivation by the model that

integrated process conditions (eq. 2.5) and band of prediction (considering the maximum

fluctuations of EO concentration) for cycles of RUN 6 condition

Process variables

T (°C) = 33.35
C (mg L) = 940.0

Kinetic parameters

Kmax (S1) = 2.6874x107 (eq. 2.3)

_ |Ogﬂ A (s) = 5.1616x10"2 (eq. 2.4)
Time (s) No Predicted bands
(eq. 2.5) ( N ]
o log—
No
ac Upper band Lower band
(eq. B.9)

2100 -4.1943 0.3020 -4.4963 -3.8923
2200 -4.4268 0.2896 -4.7164 -4.1371
2300 -4.6487 0.2764 -4.9251 -4.3724
2400 -4.8598 0.2625 -5.1223 -4.5973
2500 -5.0595 0.2483 -5.3078 -4.8111
2600 -5.2477 0.2341 -5.4818 -5.0137
2700 -5.4246 0.2198 -5.6444 -5.2047
2800 -5.5901 0.2059 -5.7960 -5.3843
2900 -5.7447 0.1922 -5.9370 -5.5525
3000 -5.8886 0.1791 -6.0677 -5.7096
3100 -6.0223 0.1664 -6.1887 -5.8559
3200 -6.1462 0.1543 -6.3005 -5.9919
3300 -6.2608 0.1428 -6.4037 -6.1180
3400 -6.3667 0.1320 -6.4986 -6.2347
3500 -6.4642 0.1218 -6.5860 -6.3425
3600 -6.5540 0.1122 -6.6662 -6.4418
3700 -6.6365 0.1032 -6.7397 -6.5333
3800 -6.7123 0.0948 -6.8071 -6.6174
3900 -6.7818 0.0871 -6.8688 -6.6947
4000 -6.8454 0.0799 -6.9253 -6.7656
4100 -6.9037 0.0732 -6.9769 -6.8305
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Table B.6.2.6 (continued) Predicted results of B. subtilis inactivation by the model that

integrated process conditions (eq. 2.5) and band of prediction (considering the maximum

fluctuations of EO concentration) for cycles of RUN 6 condition

Process variables

T (°C) = 33.35
C (mg L) = 940.0

Kinetic parameters

Kmax (S1) = 2.6874x107 (eq. 2.3)

_ |Ogﬂ A (s) = 5.1616x10"2 (eq. 2.4)
Time (s) No Predicted bands
(eq. 2.5) ( N ]
o log—
No
ac Upper band Lower band
(eq. B.9)

4200 -6.9570 0.0670 -7.0240 -6.8900
4300 -7.0057 0.0613 -7.0670 -6.9444
4400 -7.0501 0.0561 -7.1062 -6.9941
4500 -7.0907 0.0512 -7.1420 -7.0395
4600 -7.1278 0.0468 -7.1746 -7.0810
4700 -7.1615 0.0427 -7.2042 -7.1188
4800 -7.1923 0.0390 -7.2313 -7.1533
4900 -7.2203 0.0356 -7.2559 -7.1847
5000 -7.2458 0.0324 -7.2782 -7.2134
5100 -7.2690 0.0296 -7.2986 -7.2395
5200 -7.2902 0.0269 -7.3171 -7.2632
5300 -7.3094 0.0245 -7.3339 -7.2849
5400 -7.3269 0.0223 -7.3492 -7.3045
5500 -7.3428 0.0203 -7.3631 -7.3224
5600 -7.3572 0.0185 -7.3758 -7.3387
5700 -7.3704 0.0169 -7.3872 -7.3535
5800 -7.3823 0.0153 -7.3976 -7.3670
5900 -7.3931 0.0140 -7.4071 -7.3792
6000 -7.4030 0.0127 -7.4157 -7.3903
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Table B.6.2.7 Predicted results of B. subtilis inactivation by the model that integrated

process conditions (eq. 2.5) and band of prediction (considering the maximum

fluctuations of EO concentration) for cycles of RUN 7 condition

Process variables

T (°C) = 59.45
C (mgL') =1004.0

Kinetic parameters

kmax (1) = 8.0436x10°3 (eq. 2.3)

_ |Ogﬂ A (s) = 1.7396x10%2 (eq. 2.4)
Time (s) No Predicted bands
(eq. 2.5) ( N ]
o log—
No
ac Upper band Lower band
(eq. B.9)

0 -0.0822 0.1687 -0.2508 0.0865
100 -0.2573 0.3952 -0.6525 0.1379
200 -0.6037 0.6939 -1.2976 0.0903
300 -1.1416 0.9821 -2.1237 -0.1596
400 -1.8377 1.1830 -3.0206 -0.6547
500 -2.6226 1.2634 -3.8859 -1.3592
600 -3.4208 1.2332 -4.6539 -2.1876
700 -4.1720 1.1255 -5.2974 -3.0465
800 -4.8390 0.9769 -5.8158 -3.8621
900 -5.4060 0.8167 -6.2227 -4.5894
1000 -5.8727 0.6639 -6.5365 -5.2088
1100 -6.2474 0.5285 -6.7759 -5.7189
1200 -6.5428 0.4142 -6.9570 -6.1287
1300 -6.7727 0.3208 -7.0935 -6.4519
1400 -6.9497 0.2464 -7.1960 -6.7033
1500 -7.0849 0.1879 -7.2728 -6.8970
1600 -7.1876 0.1427 -7.3303 -7.0450
1700 -7.2654 0.1079 -7.3733 -7.1575
1800 -7.3240 0.0814 -7.4054 -7.2426

320



Appendix B

Appendix to Chapter 2

Table B.6.2.8 Predicted results of B. subtilis inactivation by the model that integrated

process conditions (eq. 2.5) and band of prediction (considering the maximum

fluctuations of EO concentration) for cycles of RUN 9 condition

Process variables

T (°C) = 37.00
C (mg L) = 674.0

Kinetic parameters

Kmax (51) = 2.5181x107 (eq. 2.3)

_ |Ogﬂ A (s) = 6.2185x10"2 (eq. 2.4)
Time (s) No Predicted bands
(eq. 2.5) ( N ]
o log—
No
ac Upper band Lower band
(eq. B.9)

0 -0.0620 0.0345 -0.0966 -0.0275
100 -0.0943 0.0479 -0.1422 -0.0463
200 -0.1381 0.0642 -0.2023 -0.0739
300 -0.1956 0.0832 -0.2788 -0.1125
400 -0.2689 0.1045 -0.3734 -0.1644
500 -0.3595 0.1277 -0.4872 -0.2317
600 -0.4685 0.1522 -0.6208 -0.3163
700 -0.5967 0.1773 -0.7740 -0.4195
800 -0.7442 0.2021 -0.9463 -0.5421
900 -0.9103 0.2260 -1.1364 -0.6843
1000 -1.0942 0.2484 -1.3426 -0.8457
1100 -1.2942 0.2686 -1.5628 -1.0255
1200 -1.5085 0.2863 -1.7948 -1.2222
1300 -1.7350 0.3011 -2.0361 -1.4340
1400 -1.9713 0.3127 -2.2841 -1.6586
1500 -2.2150 0.3213 -2.5363 -1.8937
1600 -2.4636 0.3267 -2.7903 -2.1369
1700 -2.7148 0.3291 -3.0440 -2.3857
1800 -2.9665 0.3288 -3.2953 -2.6376
1900 -3.2164 0.3260 -3.5424 -2.8905
2000 -3.4629 0.3209 -3.7838 -3.1421
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Table B.6.2.8 (continued) Predicted results of B. subtilis inactivation by the model that

integrated process conditions (eq. 2.5) and band of prediction (considering the maximum

fluctuations of EO concentration) for cycles of RUN 9 condition

Process variables

T (°C) = 37.00
C (mg L) = 674.0

Kinetic parameters

Kmax (51) = 2.5181x107 (eq. 2.3)

_ |Ogﬂ A (s) = 6.2185x10"2 (eq. 2.4)
Time (s) No Predicted bands
(eq. 2.5) ( N ]
o log—
No
ac Upper band Lower band
(eq. B.9)

2100 -3.7044 0.3138 -4.0182 -3.3906
2200 -3.9395 0.3051 -4.2446 -3.6344
2300 -4.1670 0.2951 -4.4621 -3.8720
2400 -4.3862 0.2839 -4.6702 -4.1023
2500 -4.5963 0.2720 -4.8684 -4.3243
2600 -4.7969 0.2596 -5.0564 -4.5373
2700 -4.9876 0.2467 -5.2343 -4.7408
2800 -5.1682 0.2338 -5.4020 -4.9345
2900 -5.3389 0.2208 -5.5596 -5.1181
3000 -5.4995 0.2079 -5.7074 -5.2916
3100 -5.6504 0.1953 -5.8456 -5.4551
3200 -5.7917 0.1830 -5.9747 -5.6087
3300 -5.9237 0.1711 -6.0948 -5.7526
3400 -6.0469 0.1597 -6.2066 -5.8872
3500 -6.1616 0.1488 -6.3103 -6.0128
3600 -6.2681 0.1384 -6.4065 -6.1297
3700 -6.3670 0.1285 -6.4955 -6.2385
3800 -6.4586 0.1192 -6.5777 -6.3394
3900 -6.5434 0.1104 -6.6537 -6.4330
4000 -6.6217 0.1021 -6.7238 -6.5196
4100 -6.6940 0.0944 -6.7884 -6.5997
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Table B.6.2.8 (continued) Predicted results of B. subtilis inactivation by the model that

integrated process conditions (eq. 2.5) and band of prediction (considering the maximum

fluctuations of EO concentration) for cycles of RUN 9 condition

Process variables

T (°C) = 37.00
C (mg L) = 674.0

Kinetic parameters

Kmax (51) = 2.5181x107 (eq. 2.3)

_ |Ogﬂ A (s) = 6.2185x10"2 (eq. 2.4)
Time (s) No Predicted bands
(eq. 2.5) ( N ]
o log—
No
ac Upper band Lower band
(eq. B.9)

4200 -6.7607 0.0871 -6.8479 -6.6736
4300 -6.8222 0.0804 -6.9026 -6.7418
4400 -6.8788 0.0741 -6.9529 -6.8047
4500 -6.9309 0.0683 -6.9991 -6.8626
4600 -6.9787 0.0628 -7.0416 -6.9159
4700 -7.0227 0.0578 -7.0805 -6.9649
4800 -7.0631 0.0531 -7.1163 -7.0100
4900 -7.1002 0.0488 -7.1490 -7.0514
5000 -7.1342 0.0449 -7.1791 -7.0893
5100 -7.1654 0.0412 -7.2066 -7.1242
5200 -7.1940 0.0378 -7.2318 -7.1562
5300 -7.2202 0.0347 -7.2548 -7.1855
5400 -7.2441 0.0318 -7.2760 -7.2123
5500 -7.2661 0.0292 -7.2953 -7.2369
5600 -7.2862 0.0267 -7.3130 -7.2595
5700 -7.3046 0.0245 -7.3291 -7.2801
5800 -7.3215 0.0225 -7.3439 -7.2990
5900 -7.3369 0.0206 -7.3574 -7.3163
6000 -7.3509 0.0188 -7.3698 -7.3321

323



Appendix B

Appendix to Chapter 2

Table B.6.2.9 Predicted results of B. subtilis inactivation by the model that integrated

process conditions (eq. 2.5) and band of prediction (considering the maximum

fluctuations of EO concentration) for cycles of RUN 10 condition

Process variables

T (°C) = 37.00
C (mg L) = 456.0

Kinetic parameters

Kmax (51) = 1.7987x107 (eq. 2.3)

_ |Ogﬂ A (s) = 8.0121x10"2 (eq. 2.4)
Time (s) No Predicted bands
(eq. 2.5) ( N ]
o log—
No
ac Upper band Lower band
(eq. B.9)

0 -0.0767 0.0291 -0.1057 -0.0476
100 -0.1024 0.0364 -0.1388 -0.0660
200 -0.1343 0.0448 -0.1791 -0.0895
300 -0.1731 0.0542 -0.2273 -0.1189
400 -0.2196 0.0645 -0.2841 -0.1551
500 -0.2744 0.0756 -0.3500 -0.1988
600 -0.3381 0.0875 -0.4256 -0.2507
700 -0.4112 0.0998 -0.5109 -0.3114
800 -0.4938 0.1125 -0.6063 -0.3814
900 -0.5864 0.1253 -0.7117 -0.4610
1000 -0.6887 0.1381 -0.8268 -0.5506
1100 -0.8007 0.1507 -0.9514 -0.6500
1200 -0.9221 0.1628 -1.0850 -0.7593
1300 -1.0525 0.1744 -1.2269 -0.8781
1400 -1.1914 0.1852 -1.3767 -1.0062
1500 -1.3381 0.1952 -1.5333 -1.1429
1600 -1.4919 0.2042 -1.6961 -1.2876
1700 -1.6519 0.2122 -1.8642 -1.4397
1800 -1.8175 0.2191 -2.0365 -1.5984
1900 -1.9875 0.2248 -2.2124 -1.7627
2000 -2.1613 0.2294 -2.3907 -1.9319
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Table B.6.2.9 (continued) Predicted results of B. subtilis inactivation by the model that

integrated process conditions (eq. 2.5) and band of prediction (considering the maximum

fluctuations of EO concentration) for cycles of RUN 10 condition

Process variables

T (°C) = 37.00
C (mg L) = 456.0

Kinetic parameters

Kmax (51) = 1.7987x107 (eq. 2.3)

_ |Ogﬂ A (s) = 8.0121x10"2 (eq. 2.4)
Time (s) No Predicted bands
(eq. 2.5) ( N ]
o log—
No
ac Upper band Lower band
(eq. B.9)

2100 -2.3379 0.2328 -2.5707 -2.1050
2200 -2.5163 0.2352 -2.7515 -2.2812
2300 -2.6959 0.2364 -2.9323 -2.4595
2400 -2.8757 0.2366 -3.1123 -2.6391
2500 -3.0551 0.2359 -3.2909 -2.8192
2600 -3.2332 0.2342 -3.4675 -2.9990
2700 -3.4096 0.2318 -3.6414 -3.1778
2800 -3.5835 0.2286 -3.8121 -3.3549
2900 -3.7545 0.2247 -3.9792 -3.5298
3000 -3.9221 0.2203 -4.1423 -3.7018
3100 -4.0859 0.2153 -4.3012 -3.8706
3200 -4.2455 0.2099 -4.4555 -4.0356
3300 -4.4008 0.2042 -4.6050 -4.1966
3400 -4.5514 0.1981 -4.7495 -4.3532
3500 -4.6971 0.1919 -4.8890 -4.5053
3600 -4.8379 0.1854 -5.0233 -4.6525
3700 -4.9737 0.1789 -5.1525 -4.7948
3800 -5.1043 0.1722 -5.2765 -4.9320
3900 -5.2298 0.1656 -5.3953 -5.0642
4000 -5.3501 0.1589 -5.5091 -5.1912
4100 -5.4654 0.1523 -5.6178 -5.3131
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Table B.6.2.9 (continued) Predicted results of B. subtilis inactivation by the model that

integrated process conditions (eq. 2.5) and band of prediction (considering the maximum

fluctuations of EO concentration) for cycles of RUN 10 condition

Process variables

T (°C) = 37.00
C (mg L) = 456.0

Kinetic parameters

Kmax (51) = 1.7987x107 (eq. 2.3)

_ |Ogﬂ A (s) = 8.0121x10"2 (eq. 2.4)
Time (s) No Predicted bands
(eq. 2.5) ( N ]
o log—
No
ac Upper band Lower band
(eq. B.9)

4200 -5.5757 0.1458 -5.7215 -5.4298
4300 -5.6810 0.1394 -5.8204 -5.5416
4400 -5.7815 0.1331 -5.9146 -5.6483
4500 -5.8772 0.1270 -6.0042 -5.7502
4600 -5.9683 0.1210 -6.0893 -5.8473
4700 -6.0550 0.1152 -6.1702 -5.9398
4800 -6.1373 0.1095 -6.2469 -6.0278
4900 -6.2155 0.1041 -6.3196 -6.1114
5000 -6.2896 0.0988 -6.3885 -6.1908
5100 -6.3599 0.0938 -6.4536 -6.2661
5200 -6.4264 0.0889 -6.5153 -6.3375
5300 -6.4894 0.0842 -6.5736 -6.4052
5400 -6.5489 0.0797 -6.6287 -6.4692
5500 -6.6052 0.0755 -6.6807 -6.5298
5600 -6.6584 0.0714 -6.7298 -6.5870
5700 -6.7086 0.0675 -6.7761 -6.6411
5800 -6.7560 0.0638 -6.8197 -6.6922
5900 -6.8007 0.0602 -6.8609 -6.7405
6000 -6.8428 0.0568 -6.8997 -6.7860
6100 -6.8825 0.0536 -6.9362 -6.8289
6200 -6.9200 0.0506 -6.9706 -6.8693
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Table B.6.2.9 (continued) Predicted results of B. subtilis inactivation by the model that

integrated process conditions (eq. 2.5) and band of prediction (considering the maximum

fluctuations of EO concentration) for cycles of RUN 10 condition

Process variables

T (°C) = 37.00
C (mg L) = 456.0

Kinetic parameters

Kmax (51) = 1.7987x107 (eq. 2.3)

_ |Ogﬂ A (s) = 8.0121x10"2 (eq. 2.4)
Time (s) No Predicted bands
(eq. 2.5) ( N ]
o log—
No
ac Upper band Lower band
(eq. B.9)

6300 -6.9552 0.0477 -7.0029 -6.9075
6400 -6.9884 0.0450 -7.0334 -6.9434
6500 -7.0196 0.0424 -7.0620 -6.9772
6600 -7.0490 0.0400 -7.0890 -7.0090
6700 -7.0766 0.0376 -7.1143 -7.0390
6800 -7.1026 0.0354 -7.1381 -7.0672
6900 -7.1271 0.0334 -7.1604 -7.0937
7000 -7.1501 0.0314 -7.1815 -7.1187
7100 -7.1717 0.0296 -7.2012 -7.1421
7200 -7.1919 0.0278 -7.2198 -7.1641
7300 -7.2110 0.0262 -7.2372 -7.1849
7400 -7.2289 0.0246 -7.2535 -7.2043
7500 -7.2457 0.0231 -7.2689 -7.2226
7600 -7.2615 0.0218 -7.2833 -7.2398
7700 -7.2763 0.0205 -7.2968 -7.2559
7800 -7.2903 0.0192 -7.3095 -7.2710
7900 -7.3033 0.0181 -7.3214 -7.2853
8000 -7.3156 0.0170 -7.3326 -7.2986
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Table B.6.2.10 Predicted results of B. subtilis inactivation by the model that integrated

process conditions (eq. 2.5) and band of prediction (considering the maximum

fluctuations of EO concentration) for cycles of RUN 11 condition

Process variables

T (°C) = 51.00
C (mg L) = 247.0

Kinetic parameters

Kmax (') = 3.2886x107 (eq. 2.3)

_ |Ogﬂ A (s) = 5.9661x10%2 (eq. 2.4)
Time (s) No Predicted bands
(eq. 2.5) ( N ]
o log—
No
ac Upper band Lower band
(eq. B.9)

0 -0.0296 0.0283 -0.0579 -0.0012
100 -0.0551 0.0469 -0.1020 -0.0082
200 -0.0957 0.0724 -0.1681 -0.0234
300 -0.1563 0.1049 -0.2612 -0.0513
400 -0.2414 0.1440 -0.3854 -0.0974
500 -0.3552 0.1882 -0.5434 -0.1670
600 -0.5004 0.2356 -0.7359 -0.2648
700 -0.6783 0.2837 -0.9619 -0.3946
800 -0.8885 0.3301 -1.2186 -0.5584
900 -1.1292 0.3727 -1.5018 -0.7565
1000 -1.3969 0.4096 -1.8064 -0.9873
1100 -1.6872 0.4395 -2.1267 -1.2477
1200 -1.9951 0.4616 -2.4568 -1.5335
1300 -2.3152 0.4759 -2.7911 -1.8393
1400 -2.6421 0.4825 -3.1245 -2.1596
1500 -2.9707 0.4819 -3.4526 -2.4888
1600 -3.2965 0.4750 -3.7715 -2.8214
1700 -3.6155 0.4628 -4.0783 -3.1526
1800 -3.9244 0.4463 -4.3707 -3.4781
1900 -4.2206 0.4264 -4.6470 -3.7943
2000 -4.5023 0.4041 -4.9064 -4.0982
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Table B.6.2.10 (continued) Predicted results of B. subtilis inactivation by the model

that integrated process conditions (eq. 2.5) and band of prediction (considering the

maximum fluctuations of EO concentration) for cycles of RUN 11 condition

Process variables

T (°C) = 51.00
C (mg L) = 247.0

Kinetic parameters

Kmax (') = 3.2886x107 (eq. 2.3)

_ |Ogﬂ A (s) = 5.9661x10%2 (eq. 2.4)
Time (s) No Predicted bands
(eq. 2.5) ( N ]
o log—
No
ac Upper band Lower band
(eq. B.9)

2100 -4.7680 0.3801 -5.1481 -4.3879
2200 -5.0170 0.3553 -5.3723 -4.6616
2300 -5.2488 0.3302 -5.5791 -4.9186
2400 -5.4636 0.3054 -5.7690 -5.1582
2500 -5.6616 0.2811 -5.9427 -5.3805
2600 -5.8433 0.2577 -6.1011 -5.5856
2700 -6.0095 0.2355 -6.2450 -5.7740
2800 -6.1610 0.2145 -6.3755 -5.9466
2900 -6.2987 0.1948 -6.4934 -6.1039
3000 -6.4234 0.1764 -6.5999 -6.2470
3100 -6.5362 0.1595 -6.6957 -6.3767
3200 -6.6380 0.1439 -6.7819 -6.4941
3300 -6.7297 0.1296 -6.8593 -6.6001
3400 -6.8122 0.1165 -6.9287 -6.6956
3500 -6.8862 0.1046 -6.9909 -6.7816
3600 -6.9526 0.0939 -7.0464 -6.8587
3700 -7.0120 0.0841 -7.0961 -6.9280
3800 -7.0653 0.0753 -7.1405 -6.9900
3900 -7.1128 0.0673 -7.1801 -7.0455
4000 -7.1553 0.0602 -7.2155 -7.0952
4100 -7.1932 0.0537 -7.2470 -7.1395
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Table B.6.2.10 (continued) Predicted results of B. subtilis inactivation by the model
that integrated process conditions (eq. 2.5) and band of prediction (considering the

maximum fluctuations of EO concentration) for cycles of RUN 11 condition

Process variables

T (°C) = 51.00
C (mg L) = 247.0

Kinetic parameters

Kmax (') = 3.2886x107 (eq. 2.3)

_ |Ogﬂ A (s) = 5.9661x10%2 (eq. 2.4)
Time (s) No Predicted bands
(eq. 2.5) ( N ]
o log—
No
ac Upper band Lower band
(eq. B.9)
4200 -7.2271 0.0479 -7.2750 -7.1791
4300 -7.2572 0.0428 -7.3000 -7.2145
4400 -7.2841 0.0381 -7.3222 -7.2460
4500 -7.3081 0.0340 -7.3420 -7.2741
4600 -7.3294 0.0303 -7.3597 -7.2991
4700 -7.3484 0.0270 -7.3753 -7.3214
4800 -7.3652 0.0240 -7.3893 -7.3412
4900 -7.3803 0.0214 -7.4016 -7.3589
5000 -7.3936 0.0190 -7.4126 -7.3746

330



Appendix B

Appendix to Chapter 2

Table B.6.2.11 Predicted results of B. subtilis inactivation by the model that integrated

process conditions (eq. 2.5) and band of prediction (considering the maximum

fluctuations of EO concentration) for cycles of RUN 12 condition

Process variables

T (°C) = 50.72
C (mg L) = 447.0

Kinetic parameters

Kmax (S1) = 4.0570x107 (eq. 2.3)

] IOgﬁ A (s) = 4.6703x10%2 (eq. 2.4)
Time (s) No Predicted bands
(eq. 2.5) ( N ]
o log—
No
ac Upper band Lower band
(eq. B.9)

0 -0.0338 0.0389 -0.0727 0.0051
100 -0.0708 0.0703 -0.1411 -0.0005
200 -0.1339 0.1150 -0.2489 -0.0189
300 -0.2322 0.1723 -0.4045 -0.0599
400 -0.3735 0.2396 -0.6130 -0.1339
500 -0.5628 0.3120 -0.8749 -0.2508
600 -0.8020 0.3843 -1.1863 -0.4177
700 -1.0888 0.4509 -1.5397 -0.6379
800 -1.4176 0.5074 -1.9250 -0.9102
900 -1.7803 0.5507 -2.3310 -1.2296
1000 -2.1671 0.5794 -2.7465 -1.5878
1100 -2.5681 0.5934 -3.1615 -1.9747
1200 -2.9735 0.5938 -3.5673 -2.3796
1300 -3.3745 0.5824 -3.9569 -2.7920
1400 -3.7639 0.5615 -4.3253 -3.2024
1500 -4.1360 0.5332 -4.6692 -3.6028
1600 -4.4867 0.4999 -4.9866 -3.9867
1700 -4.8132 0.4635 -5.2767 -4.3497
1800 -5.1142 0.4256 -5.5398 -4.6885
1900 -5.3891 0.3876 -5.7767 -5.0014
2000 -5.6382 0.3505 -5.9887 -5.2877
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Table B.6.2.11 (continued) Predicted results of B. subtilis inactivation by the model

that integrated process conditions (eq. 2.5) and band of prediction (considering the

maximum fluctuations of EO concentration) for cycles of RUN 12 condition

Process variables

T (°C) = 50.72
C (mg L) = 447.0

Kinetic parameters

Kmax (S1) = 4.0570x107 (eq. 2.3)

] IOgﬁ A (s) = 4.6703x10%2 (eq. 2.4)
Time (s) No Predicted bands
(eq. 2.5) ( N ]
o log—
No
ac Upper band Lower band
(eq. B.9)

2100 -5.8626 0.3150 -6.1775 -5.5476
2200 -6.0634 0.2816 -6.3449 -5.7818
2300 -6.2423 0.2505 -6.4928 -5.9918
2400 -6.4009 0.2220 -6.6230 -6.1789
2500 -6.5411 0.1961 -6.7372 -6.3451
2600 -6.6646 0.1727 -6.8373 -6.4920
2700 -6.7731 0.1517 -6.9248 -6.6215
2800 -6.8682 0.1329 -7.0011 -6.7353
2900 -6.9514 0.1163 -7.0676 -6.8351
3000 -7.0239 0.1015 -7.1255 -6.9224
3100 -7.0872 0.0885 -7.1757 -6.9987
3200 -7.1423 0.0771 -7.2194 -7.0652
3300 -7.1902 0.0671 -7.2573 -7.1231
3400 -7.2318 0.0583 -7.2901 -7.1735
3500 -7.2679 0.0506 -7.3185 -7.2172
3600 -7.2992 0.0440 -7.3432 -7.2552
3700 -7.3263 0.0381 -7.3645 -7.2882
3800 -7.3498 0.0331 -7.3829 -7.3168
3900 -7.3702 0.0287 -7.3988 -7.3415
4000 -7.3878 0.0248 -7.4126 -7.3630
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Table B.6.2.12 Predicted results of B. subtilis inactivation by the model that integrated

process conditions (eq. 2.5) and band of prediction (considering the maximum

fluctuations of EO concentration) for cycles of RUN 13 condition

Process variables

T (°C) = 49.93
C(mg L) = 674.5

Kinetic parameters

Kmax (51) = 4.8389x107 (eq. 2.3)

] IOgﬁ A (s) = 3.8487x10%2 (eq. 2.4)
Time (s) No Predicted bands
(eq. 2.5) ( N ]
o log—
No
ac Upper band Lower band
(eq. B.9)

0 -0.0360 0.0485 -0.0845 0.0125
100 -0.0850 0.0961 -0.1811 0.0111
200 -0.1748 0.1661 -0.3409 -0.0087
300 -0.3199 0.2555 -0.5755 -0.0644
400 -0.5314 0.3567 -0.8881 -0.1747
500 -0.8135 0.4589 -1.2724 -0.3546
600 -1.1629 0.5513 -1.7142 -0.6117
700 -1.5695 0.6252 -2.1948 -0.9443
800 -2.0186 0.6757 -2.6943 -1.3428
900 -2.4931 0.7014 -3.1945 -1.7917
1000 -2.9764 0.7036 -3.6800 -2.2727
1100 -3.4534 0.6861 -4.1395 -2.7673
1200 -3.9123 0.6532 -4.5654 -3.2591
1300 -4.3441 0.6095 -4.9535 -3.7346
1400 -4.7429 0.5592 -5.3021 -4.1837
1500 -5.1058 0.5059 -5.6116 -4.5999
1600 -5.4316 0.4522 -5.8838 -4.9793
1700 -5.7209 0.4003 -6.1212 -5.3207
1800 -5.9756 0.3513 -6.3270 -5.6243
1900 -6.1981 0.3062 -6.5043 -5.8919
2000 -6.3911 0.2654 -6.6565 -6.1258
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Table B.6.2.12 (continued) Predicted results of B. subtilis inactivation by the model

that integrated process conditions (eq. 2.5) and band of prediction (considering the

maximum fluctuations of EO concentration) for cycles of RUN 13 condition

Process variables

T (°C) = 49.93
C(mgL?) =674.5

Kinetic parameters

Kmax (51) = 4.8389x107 (eq. 2.3)

_ |Ogﬂ A (s) = 3.8487x10"2 (eq. 2.4)
Time (s) No Predicted bands
(eq. 2.5) ( N ]
o log—
No
ac Upper band Lower band
(eq. B.9)

2100 -6.5578 0.2288 -6.7865 -6.3290
2200 -6.7009 0.1965 -6.8974 -6.5045
2300 -6.8235 0.1681 -6.9916 -6.6553
2400 -6.9280 0.1434 -7.0715 -6.7846
2500 -7.0170 0.1221 -7.1391 -6.8949
2600 -7.0925 0.1037 -7.1962 -6.9888
2700 -7.1566 0.0879 -7.2445 -7.0686
2800 -7.2107 0.0744 -7.2852 -7.1363
2900 -7.2565 0.0630 -7.3194 -7.1935
3000 -7.2951 0.0532 -7.3483 -7.2419
3100 -7.3277 0.0449 -7.3726 -7.2828
3200 -7.3551 0.0379 -7.3930 -7.3173
3300 -7.3783 0.0319 -7.4102 -7.3463
3400 -7.3977 0.0269 -7.4246 -7.3708
3500 -7.4141 0.0226 -7.4367 -7.3914
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Table B.6.2.13 Predicted results of B. subtilis inactivation by the model that integrated

process conditions (eq. 2.5) and band of prediction (considering the maximum

fluctuations of EO concentration) for cycles of RUN 14 condition

Process variables

T (°C) = 60.08
C(mg L") = 737.5

Kinetic parameters

kmax (1) = 6.9480x10° (eq. 2.3)

_ |Ogﬂ A (s) = 1.9179x10%2 (eq. 2.4)
Time (s) No Predicted bands
(eq. 2.5) ( N ]
o log—
No
ac Upper band Lower band
(eq. B.9)

0 -0.0915 0.1592 -0.2507 0.0677
100 -0.2441 0.3305 -0.5746 0.0865
200 -0.5232 0.5516 -1.0748 0.0284
300 -0.9465 0.7768 -1.7232 -0.1697
400 -1.5005 0.9587 -2.4591 -0.5418
500 -2.1468 1.0678 -3.2146 -1.0790
600 -2.8362 1.0981 -3.9343 -1.7380
700 -3.5217 1.0615 -4.5832 -2.4602
800 -4.1671 0.9778 -5.1449 -3.1893
900 -4.7496 0.8676 -5.6171 -3.8820
1000 -5.2580 0.7477 -6.0057 -4.5104
1100 -5.6906 0.6299 -6.3205 -5.0607
1200 -6.0513 0.5215 -6.5728 -5.5299
1300 -6.3475 0.4258 -6.7733 -5.9217
1400 -6.5877 0.3440 -6.9317 -6.2437
1500 -6.7807 0.2756 -7.0563 -6.5050
1600 -6.9346 0.2194 -7.1540 -6.7151
1700 -7.0566 0.1738 -7.2305 -6.8828
1800 -7.1530 0.1372 -7.2902 -7.0158
1900 -7.2288 0.1079 -7.3368 -7.1209
2000 -7.2883 0.0847 -7.3730 -7.2036
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Table B.6.2.13 (continued) Predicted results of B. subtilis inactivation by the model
that integrated process conditions (eq. 2.5) and band of prediction (considering the

maximum fluctuations of EO concentration) for cycles of RUN 14 condition

Process variables

T (°C) = 60.08
C (mgL?) = 737.5

Kinetic parameters

kmax (1) = 6.9480x10° (eq. 2.3)

_ |Ogﬂ A (s) = 1.9179x10%2 (eq. 2.4)
Time (s) No Predicted bands
(eq. 2.5) ( N ]
o log—
No
ac Upper band Lower band
(eq. B.9)
2100 -7.3349 0.0664 -7.4013 -7.2686
2200 -7.3714 0.0519 -7.4233 -7.3195
2300 -7.3998 0.0406 -7.4404 -7.3592
2400 -7.4220 0.0317 -7.4537 -7.3903
2500 -7.4393 0.0247 -7.4640 -7.4146
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Table B.6.2.14 Predicted results of B. subtilis inactivation by the model that integrated

process conditions (eq. 2.5) and band of prediction (considering the maximum

fluctuations of EO concentration) for cycles of RUN 15 condition

Process variables

T (°C) = 61.98
C (mg L) = 498.0

Kinetic parameters

Kmax (51) = 6.1736x107 (eq. 2.3)

_ |Ogﬂ A (s) = 1.7976x10%2 (eq. 2.4)
Time (s) No Predicted bands
(eq. 2.5) ( N ]
o log—
No
ac Upper band Lower band
(eq. B.9)

0 -0.1288 0.1866 -0.3154 0.0578
100 -0.2910 0.3373 -0.6283 0.0463
200 -0.5582 0.5179 -1.0761 -0.0403
300 -0.9397 0.6979 -1.6376 -0.2418
400 -1.4251 0.8471 -2.2722 -0.5780
500 -1.9881 0.9459 -2.9340 -1.0422
600 -2.5945 0.9880 -3.5825 -1.6065
700 -3.2098 0.9783 -4.1881 -2.2315
800 -3.8052 0.9283 -4.7335 -2.8769
900 -4.3597 0.8513 -5.2110 -3.5085
1000 -4.8606 0.7596 -5.6203 -4.1010
1100 -5.3022 0.6632 -5.9655 -4.6390
1200 -5.6840 0.5691 -6.2530 -5.1149
1300 -6.0089 0.4815 -6.4904 -5.5274
1400 -6.2820 0.4029 -6.6848 -5.8791
1500 -6.5092 0.3341 -6.8433 -6.1750
1600 -6.6967 0.2751 -6.9719 -6.4216
1700 -6.8506 0.2253 -7.0758 -6.6253
1800 -6.9761 0.1836 -7.1597 -6.7925
1900 -7.0781 0.1491 -7.2272 -6.9290
2000 -7.1608 0.1207 -7.2815 -7.0400
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Table B.6.2.14 (continued) Predicted results of B. subtilis inactivation by the model
that integrated process conditions (eq. 2.5) and band of prediction (considering the

maximum fluctuations of EO concentration) for cycles of RUN 15 condition

Process variables

T (°C) = 61.98
C (mg L) = 498.0

Kinetic parameters

Kmax (51) = 6.1736x107 (eq. 2.3)

_ |Ogﬂ A (s) = 1.7976x10%2 (eq. 2.4)
Time (s) No Predicted bands
(eq. 2.5) ( N ]
o log—
No
ac Upper band Lower band
(eq. B.9)
2100 -7.2275 0.0975 -7.3251 -7.1300
2200 -7.2813 0.0786 -7.3600 -7.2027
2300 -7.3247 0.0633 -7.3880 -7.2613
2400 -7.3595 0.0509 -7.4104 -7.3086
2500 -7.3874 0.0409 -7.4284 -7.3465
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Figure B.6.2 Inactivation of B. subtilis spores by EO sterilisation.
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C.1 Ethylene oxide permeability through surgical drape material

The experimental transient flow curves (of permeant EO pressure versus time) obtained
by the permeation apparatus for the three replicate samples of surgical drape material
are included in Figure 3.4. The individual data points used for construction of the curves

are contained in the compact disk (CD), file named “Appendix C.1".

The data summary are included in Table C.1.1.
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Table C.1 Intermediate data and ethylene oxide transport coefficients, at 48 °C and

3.2 bar, in surgical drape material

Run 1 Run 2 Run 3
Linar equations of adjustment y =4.80x - 3.70 y = 4.46x - 3.23 y =4.49 x - 3.48
2 (mol s* m* Pa™) 2.83 x 10712 2.63 x 102 2.65 x 102
Lag time, 6 (s) 7.72 x 107! 7.24 x 107! 7.74 x 107!
D (m?st) 7.63 x 10°° 8.13 x 10°° 7.61 x 10°®
S (mol m3 Pa™) 3.71x 10" 3.23x 10* 3.48 x 10™*

T (K) = 321.15; Membrane thickness (m) = 1.88 x 10™*; Upstream pressure (Pa) = 3.20 x 10°;

Membrane area (m?) = 1.89 x 103; Downstream volume (m3® = 5.05 x 1073
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D.1 Cycle parameters and dosimeter results

Table D.1.1 Process variables and colour progression in dosimeters (within head-space)

Cycle no. 592
Process variables Colour progression in dosimeter (cm)
T (°C) = 61 1.60
C(mgL*') =280 1.70
U (s) = 1345 1.95
C* (mg L' h?) =104.61 1.55
Cycle no. 605
Process variables Colour progression in dosimeter (cm)
T (°C) = 64 2.10
C(mgL*') =250 2.50
U (s) = 2000 1.80
C* (mgL!'h') =138.89 2.00
Cycle no. 588
Process variables Colour progression in dosimeter (cm)
T (°C) = 62 2.30
C (mg L) =240 2.00
U (s) = 1537 2.05
C* (mg L' h™) =102.47 1.85
Cycle no. 598
Process variables Colour progression in dosimeter (cm)
T (°C) = 65 1.65
C(mgL*') =220 1.70
U (s) = 942 1.50
C* (mgL!'h?') =57.57
Cycle no. 620
Process variables Colour progression in dosimeter (cm)
T (°C) = 65 2.20
C(mgL?') =420 1.80
U (s) = 1684 1.90
C* (mgL!'h?) =196.47 2.00
1.80
2.15
2.30
2.20
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Table D.1.1 (continued) Process variables and colour progression in dosimeters (within

head-space)

Cycle no. 628
Process variables Colour progression in dosimeter (cm)
T (°C) =50 5.90
C (mg L) = 560 4.90
U (s) = 6929 6.80
C* (mgL!'h')=1077.84 6.20
6.80
4.90
7.40
6.20

Table D.1.2 Process variables and colour progression in dosimeters (within the load)

Cycle no. 604

Process variables Colour progression in dosimeter (cm)
T(°C) =63/ T (K) = 336.15 1.65

C(mgL*') =260 1.90

U (s) = 1669 2.10

C* (mg L' h') =120.54 1.55

Cycle no. 605

Process variables Colour progression in dosimeter (cm)
T (°C) =64/ T (K) =334.15 1.80

C (mgL?') =250 2.20

U (s) = 2000 1.65

C* (mgL'h?) =138.89 1.55

Cycle no. 1574

Process variables Colour progression in dosimeter (cm)
T (°C) =61/T(K)=334.15

C (mg L'Y) = 250 2.60

U (s) = 5642

C* (mg L™ h!) = 391.81 2.80
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Table D.1.2 (continued) Process variables and colour progression in dosimeters (within

the load)

Cycle no. 1575

Process variables Colour progression in dosimeter (cm)

T(°C)=61/T (K) = 334.15
C (mg L) = 250

U (s) = 8614

C* (mg L' hl) = 598.19

3.75

3.50
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D.2 Ethylene oxide concentration predicted by colour progression in EO

dosimeters

Using the equation that integrates the EO concentration head-space, x (directly monitored
by an infrared analyser) with the colour progression in EO dosimeters, y (data included in
Table D.1), y = 4.41x10°3x + 1.34, one can predict the EO concentration within the load,

based on the results achieved with correspondent EO dosimeters.

Table D.2 EO concentration within the load estimated by EO dosimeters colour

progression

C* (mgL'h?) C(mglL?)
Cycle Dosi (cm)’ _ Pu(cm)-1.34 _ 3600 . C (mg/LH)
4.41 x10° u(s)
604 1.800 104.31 224.99
605 1.800 104.31 187.76
1574 2.700 308.39 196.77
1575 3.625 518.14 216.54

" Average colour progression in interior dosimeters
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D.3 Ethylene oxide concentration as predicted by Fick’s second law of diffusion

D.1 CCO__%’b =
being,

D.2 C, =S5.2
where,

R (J mol't K1)

MMgo (g mol™)

S (mol m3 Pa!)

D (m?s™)
L (m)
Co(mol m3)

2 (mol s* m?t pa?t)

8.314472

44.05

3.47x10* (Chapter 3)

7.79x10° (Chapter 3)

5.0x1073

2.70x10*? (Chapter 3)
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Table D.3.1 Cycle conditions and EO concentration within the load achieved by Fick’s

second law of diffusion

Cicle parameters Cycle no. 604 Cycle no. 605 Cycle no. 1574 Cycle no. 1575

Cy(mol m3) 5.73 5.52 5.47 5.47
Co(mg L) 252 243 241 241
U (s) 1669 2000 5642 8614
P (Pa)" 1.65 x10* 1.59 x10* 1.58 x10* 1.58 x10*
C(mglL™) 189.3 196.2 238.3 240.8

" Ideal gas law, PV = nRT; Temperature data included in Table D.2

Table D.3.2 Cycle conditions and EO concentration within the load achieved by Fick’s

second law of diffusion, for the runs described in chapter 2

Cycle parameters Run no. 1 Run no. 5 Run no.7 Runno. 14 Runno. 15
T (K) 332.7 332.0 332.4 332.7 335.1
Chead-space (Mg L) 233 266 1004 738 498
P (Pa) 1.46x10* 1.66x10* 6.30x10* 4.64x10* 3.15x10*
Co(mol m3) 5.07 5.77 21.9 16.1 10.9
Co(mg L) 233 254 964 709 482
Caithin load at 3000s (Mg L) 203 232 878 646 439
Cithin load close to -7.5logv/n0 (Mg L™) 219 250 878 646 452
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E.1 Experimental data points of ethylene oxide desorption throughout aeration

processes

Table E.1.1 Results of EO desorption throughout aeration time at medium temperature, for

viscose/polyethylene material (surgical drape, 488-103)

Time (s) C [mg(EO)/g(device)] C/Co" ctt Residues'"
0 5.216X10-3 1.086X100 9.908X10-1 9.715X10-1
0 4.394x10° 9.145x10"! 9.731x10"!
2400 3.947x10° 8.214x10"! 1 6.925x10"!
2400 3.806x107 7.921x10 8.361x10 6.927x10
4800 3.752x10° 7.809x10"! 3 5.844x10"!
4800 3.706x10° 7.713x10™ 7.682x10 5.845x10"!
7200 2.905x107 6.046x10™ 3 5.087x10"
7200 3.230x10° 6.722x10"! 7.161x10 5.082x10"!
9360 3.000x107 6.243x10™ ) 4.533x10"!
9360 3.136x10° 6.527x10" 6.763x10 4.532x10
11700 3.107x10° 6.466x10"! 3 4.032x10°!
11700 3.386x107 7.047 x10™ 6.381x10 4.029x10
13500 2.961x107 6.162 x10°! 3 3.700x10"!
13500 2.960x10° 6.160 x10™ 6.113x10 3.700x10"!
17400 2.534x1073 5.274 x10! . 3.093x10*
17400 2.341x107 4.872 x10™ >.587x10 3.096x10"
20400 2.822x10° 5.873 x10°! 3 2.699x10"!
20400 2.620x107 5.453 x10°! 3.224x10 2.701x10
22800 2.593x1073 5.396 x10! . 2.428x10!
22800 2.254x10° 4.691 x10™ 4.953x10 2.431x10"!
24600 2.397x107 4.989 x10 1 2.244x10"!
24600 2.327x107 4.843 x10°! 4.761x10 2.244x10
27000 2.216x10° 4.612 x10™ 4.517x10 2.020x10"!
31800 1.966x10° 4.092 x10°! . 1.639x10
31800 1.880x107 3.913 x10™ 4.068x10 1.639x10°
40200 1.824x107 3.796 x10°! 3.389x10"! 1.136x10"
C P4
+ tResidues=|C - —
Co = (Coqy + Co))/ 2 ' [ COJ

_ {M}zm ;Co =1

2L

:0 2n+1
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Table E.1.2 Results of EO desorption throughout aeration time at low temperature, for

viscose/polyethylene material (surgical drape, 488-103)

Time (s) C [mg(EO)/g(device)] C/Co" ctt Residues'"
0 4.343x10°7 9.178x10" 9.732x10"

0 5.121x10° 1.082x10° 9.908x10™* 9.717x10"
6600 4.927x10° 1.041x10° 7.649x10™"
6600 4.507x10° 9.525x10" 8.795x10" 7.656x10"
23100 3.912x10° 8.267x10"! 5.946x10"
23100 4.496x10° 9.501x10" 7.750x10 5.937x10""
39300 3.596x10° 7.599x10™! 4.941x10"
39300 2.917x10° 6.164x10" 7.065x10°* 4.950x10"
50100 3.030x10° 6.403x10" 4.430x10"
50100 3.182x10° 6.724x10" 6.686x10" 4.428x10"
86100 2.197x10°3 4.643x10" 3.175x10"
86100 2.130x10° 4.501x10" 5.656x10°" 3.175x10""
102600 2.775x10° 5.864x10™" 2.738x10"
102600 2.745x107 5.801x10 5.260x10* 2.738x10"
123600 1.930x10° 4.079x10" 2.288x10™
123600 2.388x10° 5.046x10" 4.803x10" 2.284x10"
135300 2.264x10°3 4.784x10" 2.065x10"
135300 2.096x10° 4.429x10" 4.567x10™ 2.067x10™"

358



Appendix E

Appendix to Chapter 5

Table E.1.3 Results of EO desorption throughout aeration time at medium temperature, for

viscose/polyester material (baby blanket, 454-300)

Time (s) C [mg(EO)/g(device)] C/Cy' ctt Residues'"
0 2.711x107° 9.828x10™" 5.180x10"

0 2.660x107" 9.643x10" 9.908x10™ 5.254x10*

0 2.857x10 1.036x10° 4.972x10™
11988 9.398x107 3.407x10 6.422x107
11988 9.827x107 3.562x10° 3.474x10" 6.207x107
11988 9.475x107 3.435x10 6.383x107
42012 1.551x102 5.623x107 ; 6.803x10™
42012 1.810x107 6.562x102 4.159x10 5.519x10™
98388 1.006x102 3.647x107 8.625x10°
98388 8.650x107 3.136x107 2.731x10 6.205x10°
98388 1.045x1072 3.788x107 9.364x10°
124812 1.036x1072 3.756x107 1.049x10*
124812 7.026x107 2.547x107 1.194x10 4.770x10°
124812 9.297x10°3 3.370x107 8.423x10°
184788 6.308x107 2.287x107 3.977x10°
184788 9.667x107 3.504x107 1.721x10° 9.342x10°
184788 6.845x10°3 2.481x107 4.683x10°
211212 5.332x10° 1.933x102 2.843x10°
211212 5.716x10° 2.072x107 2.657x107 3.267x10°
211212 5.730x107 2.077x102 3.283x10°
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Table E.1.4 Results of EO desorption throughout aeration time at medium low temperature,

for viscose/polyester material (baby blanket, 454-300)

Time (s) C [mg(EO)/g(device)] C/Co' c™ Residues’"
0 2.711x10* 9.828x10™ 5.180x10*

0 2.660x107" 9.643x10™ 9.908x10™ 5.254x10*

0 2.857x10* 1.036x10° 4.972x10™1
49788 2.464x10? 8.932x10%? 4.695x1073
49788 2.698x107 9.781x10> 9.316x102 4.380x107
49788 1.944x102 7.047x1072 5.435x107
82800 9.473x1073 3.434x1072 1.619x10™*
82800 1.174x1072 4.256x1072 2.220x10 1.093x10*
82800 9.650x1073 3.498x1072 1.574x10™*
136188 4.650x1073 1.686x107 6.093x10®
136188 5.324x10°3 1.930x107 2.182x10°3 9.875x10°®
136188 4.605x1073 1.669x1072 5.873x10°®
169200 4.833x1073 1.752x102 1.860x107
169200 4.090x107 1.483x107 5.197x10* 1.275x10°
169200 4.007x1073 1.453x102 1.216x10°
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Table E.1.5 Results of EO desorption throughout aeration time at low temperature, for

viscose/polyester material (baby blanket, 454-300)

Time (s) C [mg(EO)/g(device)] C/Co' c™ Residues’"
0 2.711x107? 9.828x10* 5.180x107!

0 2.660x107" 9.643x10™ 9.908x10™ 5.254x10*

0 2.857x107! 1.036x10° 4.972x101
69588 9.036x1072 3.276x107! 6.902x1072
69588 9.170x1072 3.324x10* 3.531x10! 6.832x1072
69588 8.963x102 3.249x107! 6.940x102
150588 3.632x102 1.317x10% 9.570x107
150588 4.739x107 1.718x10™ 1.341x10" 7.527x107
150588 3.367x102 1.221x10% 1.010x1072
233388 2.662x1072 9.650x102 5.416x10™
233388 2.004x10%? 7.265x107? 4.989x1072 8.911x10™
233388 1.864x107 6.757x1072 9.767x10*
330588 1.050x107 3.806x102 2.625x107°
330588 8.977x1073 3.254x107 1.562x1072 4.417x107°
330588 9.510x1073 3.448x102 3.737x10°°
571788 5.047x1073 1.830x107 1.740x10°°
571788 4.361x107 1.581x107 8.759x10% 1.215x10°
571788 6.119x1073 2.218x102 2.749x107°
675288 7.148x1073 2.591x1072 4.752x107°
675288 4.303x10° 1.560x107 2.544x10* 1.639x10°
675288 4.837x107 1.753x107 2.100x107°
767988 3.837x1073 1.391x107 1.408x10°°
767988 5.585x107 2.025x102 8.406x10° 3.026x10°
767988 3.835x1073 1.390x107 1.407x10°
1187388 4.871x107 1.766x107 2.372x107°
1187388 4.807x107 1.743x107 5.608x107 2.310x10°
1187388 2.926x1073 1.061x107 8.558x10°®
1279188 6.034x1073 2.187x10%2 3.641x10°
1279188 4.230x10° 1.533x107 1.873x107 1.789x10°
1279188 5.034x1073 1.825x107 2.534x107°
1396188 4.533x107 1.643x1072 2.055x107°
1396188 2.876x1073 1.043x107 4.630x108 8.271x10°®
1396188 2.802x1073 1.016x107 7.851x10°®
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Table E.1.6 Results of EO desorption throughout aeration time at high temperature, for

polyvinylchloride material (Nasal aspirator pear, 127-007)

Time (s) C [mg(EO)/g(device)] C/Cy' ctt Residues'™"
0 2.399x10° 1.132x10° 1.983x10°

0 1.841x10° 8.684x10™ 9.908x10™* 7.228x10™
3000 9.683x10" 4.567x10" 1.862x10™
3000 9.266x10" 4.371x10" 5.368x10™ 1.520x10™
5400 8.190x10™! 3.863x10"! 1.898x10"
5400 1.037x10° 4.892x10" 3.833x10 4.273x10"
6600 6.862x10" 3.237x10" 1.308x10™
6600 9.204x10" 4.342x10" 3.245x10™ 3.551x10""
9000 4.245x10" 2.002x10"" 3.684x10
9000 5.400x10™" 2.547x10"" 2.326x10" 9.451x107
10800 3.222x10" 1.520x10" 1.812x10" 1.989x107
16800 1.788x10 8.434x10° 9.997x10°
16800 1.219x10 5.750x10° 7.881x10* 1.856x10°
18600 1.290x10 6.085x10? 4.570x1073
18600 8.479x10° 4.000x107 6.140x10 5.472x10°*
20400 5.568x 10" 2.626x10 6.163x10°
20400 6.720x107 3.170x107 4.783x10° 3.752x10™
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Table E.1.7 Results of EO desorption throughout aeration time at medium temperature, for

polyvinylchloride material (Nasal aspirator pear, 127-007)

Time (s) C [mg(EO)/g(device)] C/Cy' ctt Residues'™"
0 1.033x10° 1.111x10° 1.449x107

0 1.022x10° 1.099x10° 9.908x101 1.178x107?

0 7.338x10%1 7.894x101 4.059x1072
36900 2.699x101 2.903x10%1 3.016x1073
36900 1.821x10™ 1.959x10™! 2.354x10" 1.563x107
36900 1.797x10%1 1.933x10*1 1.774x1073
52200 8.593x107? 9.244x107? 2.358x1073
52200 1.784x10 1.919x10 1.410x10" 2.592x10°3
52200 1.322x10%1 1.422x10%1 1.477x10°®
90000 4.090x107 4.400x107 1.819x107
90000 3.345x107 3.598x107 3.973x10°2 1.406x10°
90000 7.010x1072 7.541x1072 1.273x1073
118800 2.911x1072 3.131x1072 2.617x10*
118800 3.826x107 4.116x107 1.514x1072 6.770x10™
118800 5.960x1072 6.411x107 2.399x1073
135900 4.239x107 4.560x107 5 1.374x1073
135900 2.305x107 2.480x107 8.535x10 2.644x10™
174600 1.105x107 1.189x107 9.126x10°
174600 8.310x10° 8.939x10° 2.334x10°3 4.363x10°
174600 6.637x1073 7.140x1073 2.310x107°
221400 3.969x1073 4.270x1073 1.431x107
221400 4.494x10° 4.834x10° 4.864x10 1.890x10°
221400 6.654x1073 7.158x1073 4.451x107°
258300 3.011x1073 3.239x1073 9.596x10°
258300 1.567x107 1.686x107 1.413x10% 2.385x10°
258300 2.903x1073 3.123x1073 8.890x10°
532800 1.311x1073 1.410x1073 1.989x10°
532800 1.273x10° 1.369x10° 1.431x10° 1.875x10°
532800 1.400x1073 1.506x1073 2.268x10°
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Table E.1.8 Results of EO desorption throughout aeration time at low temperature, for

polyvinylchloride material (Nasal aspirator pear, 127-007)

Time (s) C [mg(EO)/g(device)] C/Cy' ctt Residues'™"

0 1.295x10° 1.142x10° 2.284 x10°2

0 9.730x10™ 8.580x10™ 9.908 x10* 1.764 x1072

0 1.134x10° 1.000x10° 8.374 x10°
239400 7.069x10 6.234x10 2.428 x107?
239400 5.878x10* 5.183x10* 4.676 x10* 2.579 x10°3
239400 5.805x10 5.119x107 1.966 x10°73
271800 6.211 x10° 5.477x107 1.301x102
271800 6.618 x10°* 5.836x10™ 4.337%10" 2.247x107
271800 6.543 x10°t 5.770x107 2.054x1072
325800 6.290 x10°! 5.547x107 2.956x107
325800 8.352 x10™ 7.365x10! 3.827x10! 1.251x10™*
325800 7.321 x10°! 6.456x10" 6.909x10°2
412200 4.903 x10° 4.324x10™ 1.411x10
412200 3.927 x10° 3.463x10™ 3.136x10" 1.070x10°
412200 3.946 x10°! 3.480x107 1.182x107
498600 6.703 x10°! 5.911x107 1.116x107!
498600 6.899 x10°* 6.084x10° 2.570x10 1.235x10
498600 6.798 x10°t 5.995x10! 1.173x107!
621000 1.569 x10™ 1.384x10°! ; 3.076x107
621000 2.071 x10™ 1.826x10" 1.938x10 1.252x10
844200 1.762 x10™ 1.554x10°! 1.559x1073
844200 2.326 x10°! 2.051x107 1.159x10" 7.961x1073
844200 3.118 x10° 2.750x10™ 2.530x1072
1468800 8.999 x10° 7.936x10°2 2.691x1073
1468800 9.161 x10°2 8.078x10°2 2.748x10°2 2.841x107
1468800 1.085 x10™ 9.568x1072 4.651x107
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Table E.1.9 Results of EO desorption throughout aeration time at high temperature, for

polypropylene material (galipot, 489-312)

Time (s) C [mg(EO)/g(device)] C/Cy' ctt Residues'™"
0 3.115x10° 1.010x10° 4.615x10"

0 3.053x10 9.899x10™ 9.908x10 4.700x10™
3600 2.680x10™" 8.690x10" 1.136x10™
3600 2.190x10™ 7.101x10™" 6.051x10" 1.491x10™
6300 1.329x10 4.309x10 1.194x10*
6300 1.408x10! 4.565x10"" 4.784x10™ 1.140x10™
8712 1.344x10 4.358x10" 6.542x10
8712 1.344x10"! 4.358x10™" 3.902x10* 6.542x107
14112 7.496x10° 2.431x10" 2.990x107
14112 6.396x10 2.074x10" 2.479x10 3.382x107
18000 5.347x10°2 1.734x10" 1.571x107
18000 5.236x10° 1.698x10"! 1.788x10" 1.599x107
20412 3.607x10° 1.170x10™ 1.209x107
20412 3.607x107 1.170x10" 1.460x10°* 1.209x102
24012 1.404x107 4.553x107 8.818x10°
24012 1.404x107 4.553x107 1.079x10™ 8.818x10°
26712 1.749x107 5.671x10°2 4.700x10°3
26712 2.189x10° 7.098x10° 8.605x10* 4.116x10°
29700 1.264x107 4.099x107 2.950x10°
29700 8.823x10° 2.861x10 6.695x10* 3.379x10°
36000 9.027x10° 2.927x10° 9.255x10"
36000 8.710x10° 2.824x10° 3.945x10 9.449x10"
48312 3.211x10° 1.041x107 1.171x10
48312 3.211x10° 1.041x107 1.403x10* 1.171x10*
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Table E.1.10 Results of EO desorption throughout aeration time at medium temperature, for

polypropylene material (galipot, 489-312)

Time (s) C [mg(EO)/g(device)] C/Cy' ctt Residues'"
0 9.217x10° 1.010x10° B 3.678x10"

0 9.034x10" 9.900x10" 9.908x10 7.671x107
16200 7.042x10 7.717x10 1.087x102
16200 6.745x10 7.391x10! 6.674x10"1 5.145x107
16200 7.081x10! 7.760x10 1.178x102
30600 5.122x10°! 5.613x10 3.337x10%
30600 5.208x10 5.707x10 5 430x10°1 7.668x10™
30600 5.231x10* 5.732x10* 9.128x10™*
59400 3.469x10 3.801x10! 1.159x10%
59400 3.254x10°! 3.566x10° 3.694x10°1 1.637x10%
59400 3.261x10" 3.574x10! 1.447x10%
95400 1.355x10™ 1.485x10™ 6.536x107
95400 1.634x10™ 1.791x10™ 2.993x10°1 2.527x10°
95400 2.039x10! 2.234x10* 3.467x107
145800 9.969x10~ 1.092x10™ 7.141x10°
145800 9.390x10~ 1.029x10™ 1.177x10 2.189x10"
145800 1.067x10™ 1.169x10™ 5.910x107
192600 5.197x102 5.695x102 B 4.096x10°
192600 4.160x107 4.559x107 6.335x10 3.155x10™
232200 3.170x102 3.474x102 7.674x10°
232200 2.328x102 2.551x10 3 7511072 1.439x10%
232200 2.982x102 3.268x10 2.333x10°
279000 8.565x1073 9.386x1073 1.167x10™*
279000 9.440x107 1.034x107 2.019x10°2 9.691x10°
279000 1.357x107 1.487x107 2.829x10°
318600 5.363x10° 5.877x107 3.692x10°
318600 5.699x10 6.245x107 1.195x10°2 3.259x10°
318600 4.355x107 4.772x107 5.157x10°
372600 3.683x10° 4.036x10° 3.288x10°°
372600 4.876x107 5.343x10° 5 849x10°3 2.560x107
372600 3.388 x10°7 3.713 x107 4.565 x10°
592200 1.076 x10° 1.179 x10° 7.385 x107
592200 6.272 x10 6.873 x10 3.198 x10° 1.351 x107
592200 7.917 x10° 8.676 x10 3.001 x107
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Table E.1.11 Results of EO desorption throughout aeration time at low temperature, for

polypropylene material (galipot, 489-312)

Time (s) C [mg(EO)/g(device)] C/Cy' ctt Residues'™"

0 1.009x10° 9.854 x10 3.022x10°

0 1.039x10° 1.015x10° 9.908x10 5.664x10™
111600 9.491x10" 9.269x10" 2.499x10°
111600 9.657x10" 9.431x10" 8.769x10" 4.383x10°
193212 9.750x10"! 9.521x10" 1.297x107
193212 8.792x10" 8.586x10°" 8.383x10 4.137x10"
424800 8.567x10" 8.366x10" 5.846x10°
424800 7.733x10 7.552x10 7.602x10 2.486x10°
518400 7.739x10" 7.558x10"! 4.291x10"
518400 8.335x10" 8.140x10" 7.350x10" 6.228x10°
702612 7.709x10" 7.528x10"" 3.757x10°
702612 7.723x10" 7.542x10"" 6.915x10 3.927x10°
790812 6.727x10" 6.569x10°" 2.499x10™
790812 6.727x10™" 6.569x10™" 6.727x10 2.499x10™
1017900 5.984x10™" 5.844x10"" 1.966x10°
1017900 6.422x10" 6.271x10" 6.287x10" 2.443x10°
1229400 6.427x10"" 6.276x10"" 1.272x10°
1229400 5.941x10" 5.802x10™" 5.920x10* 1.391x10
1663812 5.187x10" 5.065x10™" 526610 3.604x10"*
1792512 6.020x10"" 5.879x10" 6.436x107
1792512 4.978x10" 4.861x10" 5.077x10 4.636x10
2595312 4.154x10" 4.057x10" 2.185x10°
2595312 3.891x10" 3.800x10™" 4.103x10* 9.216x10"*
3003012 4.049x10" 3.954x10" 7.193x10*
3003012 4.471x10" 4.366x10" 3.686x10" 4.628x10°
3508812 2.694x10°" 2.631x10" 3.556x10°
3508812 2.643x10™" 2.581x10™ 3.227x10 4.175x10°
3666600 2.570x10" 2.510x10™ 3.096x101 3.439x10°
3666600 2.919x10" 2.851x10°" 6.031x10"
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