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ABSTRACT 3

During the month of July 1984 the expert wasattheCentro de
Tecnologia de Embalagem de Alimentos (CETEA) as a consultant on Food
Processing and Packaging. During this mission a short intermnal course

was given to about 25 participants from ITAL.

The past and present work program of the New Prc.essing
Technologies and Packaging Systems group was thoroughly reviewed.
Proposalsfor future work of this group were discussed in detail as

outlined in this report.

Limited discussions were also held with the metals, plastic

and analytic groups and some suzzgestions were offered.

During this missicn a few pilot plant and laboratory
experimentals, concerning heat srocessing of flexible pouches, were

initiated and programs for continuation were outlined.
Several industries were visited.

A list of additional equipment and supplies was drawn up
and 1s given in this report. It is recomamended to continue efforts
of training staff externally and internally by bringing in experts

and carrying out long cerm applied research projects.




INTRODUCTION

A. Project Background

The Food Packaging Center (CETEA) is part of the Instituto
de Tecnologia de Alimentos - ITAL situated in Campinas in the State
of Sao Paulo, Brasil. ITAL was started in 1963 and employs today about
350 persons including 13 Ph.D, 40 M.Sc., 40 graduates, 52 administra -
tive staff and the: rest general supporting staff. The physical plant
in Campinas includes about 23000m2 of buildings located on an area

of about 100.000mzf

The packaging area was established as a separate section
early in the creation of ITAL and received further prioricy in 1969.
Its foundation and development was aided by several National and
International agencies including UNIDO since the beginning. The
present UNIDO Project (BRA/82/030)enabled the establishment of the
Food Packaging Center - Centro de Tecnologia de Embalagem de Alimentos
- (CETEA), with the aim to up-scale the support to the rapidely
expanding packaging and food industry in Brasi'. Furthermore,.it is
intended that CETEA serve as a national as well as international
training center in the important field of packaging. The Project for
the creation of the Packaging Center (CETEA) is sponsored bv the
Government of the State of S3ao Paulo, the Federal Brazilian Government
via FINEP and EMBRAPA znd the United Nation Development Programme
(UNDP) through the United Nations Industrial Development Organization
(UNIDO).

Packaging demand in Brasil is growing very fast in general
and in the food field in particular. In 1979 about 657 of all metal
packages, 607 of plastics, 407 of paper and paper board and 757 of
glass wvere used for packaging of foods. Besides the increasing
consumption of packaging materials up to-date knowledge about the
technological aspects involved in the processing - packaging and
storage svstems become more important in Brasil. These is a grea:
need for new, better and more efficient packaging systems as well as
trained personnel and research and development facilirties. It

1s one of CETEA's aims to fulfill this need.
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At present CETEA has four experienced engineers with M.Sc.
eleven graduates with B.Sc. degrees, 12 technicians one secretary

and 5 other support staff. The Center 1is divided into four sections:

a) Plastics and paper
b) Metal and glass
¢) Analytical

d) New processing technologies and packaging systems.

The UN/grasil Food Packaging Center Project (BRA/82/039)
was initiated in 1982 for a duration of 5 years. The investment in
this project includes $1.512 million plus 475.835 million cruzeiros
contributed by the Brazilian Covernment via EMBRAPA and the Interanme
rican Development Bank Cooperation Program. The project's aimsare to
up grade physical plant facilities, equipment and human resources

needed to improve service to the Food Packaging iandustry.

tn

. Chbijectives of Missizcn

The objectives of this mission were discussed in writinz
several months ago and finalized after arrival in discus:zion with
Mr. Luis Fernando Ceribelli Madi, the Project Ccordinator and with
Mr. Sylvio Alves Ortiz, head of the new Processing Technologies and

Packaging Systems Group. The main objectives were:

1) Give ashortinternal short Course on "Processing and Packaging of
2 ging

Foods - Evaluation of different technologies;

2. Review and appraise the work program of the New Processing

Technologies and Packaging Systems Group;
3. Plan new long term studies with abcve group;

4. Assist personnel of Center in processing of different products and

solve processing and packaging problens;

(V1)
-

Visit industries with aim to identify problems related to fcod

paccaging;
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6. Review requirements for additional equipment needed.

7. Prepare report summerizing findings and make recommezdatious for

future action.
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DESCRIPTION OF WORK

A - GENERAL

This was the expert's third visit to the Packaging Grow in ITAL
and most certainly great improvements could be noted from the previous
missionsin 1975 and 1976. The Packaging Center is now located in a
mcdern building of its own. It is well equipped in all areas related
to primary packaging -of foods including paper, plastics and laminates,
metals, glass and nhas a good analytical laboratory suitable for
carrying out necessary analyses as well as permeation and migration
studies. Some of the facilities, like storage chambers, needed for
shelf-life studies are incomplete but are planned to be finished in the
near future. The center has a good and dedicated staff including four
M.Sc. and 11 B.Sc. graduates and makes great effort to train this staff
locally as vell as abroad in up to-date techniques in the packaging
field. One of thecblectivesof this mission wWas aiso to add to the
training »f the staff and up-date tneir know-how in problems related

to Food Preservation and Packaging.

uJ
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A short course of about 22 hours entitled

"Processing and Packaging of Foods - Fvaluation of different

Technologies"”.

was given during this mission. The course was attended by 25 narticinants
from ITAL as well as a few ocutsiders. (See Annex I) During the lectures

discussion was enrouraged and active participation of the participants

took place.

The outline of the course was as follous:

!. Introducticn - (Jbj2ctives of courrce. Activities in Focd Enginecering

ard Biotechnolozy at Techiion in Haifa, Israel.




3)

4)

3)

6)

7)

8)
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Preservation of Foods bv Heat - Basic principles of heat transfer,

calculation of Thermal Death Times and Process Times by several

mathods. A partial summary of this part is giveg in Annex II.

Sterilizing Equipment - existing new and potential future methods.

Aseptic Packaging of Foods - A critical review of asepticsvstems and their

potential applications their advantages and disadvantages. Methods
for sterilizng packag.ng materials system for processing of liquid
products. A potential system for aseptically packaging particular.
products was described. The need for a dependable quality control

program was stressed.

The use of Flexible Packaging 'aterials for preservation of foods -

The current status of the Retort Pouch in the wold was reviewed

as well as reasons for its sucess in Japan and its failure in

other parts of the world.

Methods of preparation, filling, air removal, and thermal processing
were given. Different methods of heating were cnalysed. All quality
control aspects relating to parkaging materials as well as filling,

sealing and processing were thouroughly discussed.

Modified atmosphere packaging systems - The basic principles of

controlled and modified atmosphere to extend storage life of
perishable (not processed) foods were given. The application of
modified atmosphere packaging systems for fresh fruits and

vegetables as well as fresh m2ats and fish were discussed.

Other Packaging Systems - These include the Bag in Box systems,

carton packages, composite cans, etc.

Shelf-life of Foods - A brief analysis how to avproach the

evaluation of shelf-life of various foods was offered.




The work of the New Processing Technologies and Packaging

System's Group was discussed in several meetings with the entire group

as well as with individuals. The majority of this group is working at

ITAL for only a short time ( 1 - 2 years ).

One of the gain projects in this group has been, and still is,
the project of Flexible Packages for Heat Processed Foods usually

called the Retort Pouch Project.

The project was supported in the past by several agencies
including 0AS, UNIDO, EMBRAPA, FINE? and CNTP. The main object of
this project was to set up the infrastructure needed to carry out work
in this area and train perscanell in all the details related to
processing foods in pouches and carrying out the necessary quality

control.

The main accomplished in this field were:

a) A review of the State of the art of this system in the world

including a study of all the advantages and disadvantages as well as
problems to over-come before this packaging systems can be introcduced
to Brasil. One of the main obstacles seems to be the lack of a
suitable local packaging material. Therefore at present materiails for
sterilizing foods must still be imported, but materials for processing
at 1009C or less are already available locally. These materials are

presently evaluated and suggestions were made for appropriate tests.

b) The physical plant was built and equipment needed for processing

was ordered and installed. This inciudeddesigning and building

locally a retort for sterilizing pouches. The retort was installed
and tested and is functioning properly. In addition fillinz, sealing,
vacuum sealing equipment was ordered and installed. Furthemore quality
control equipment was obtained and staff is now trained to opzrate aill
equipnent,carry out heat penetration studies and calculate process

times to obtain safe products. Tests for defects including leak test

and BI0 TEST were set up.

At the same time samples of products were prepared and fornulations

suitable for pouches were obtained.




c) Shelf-life studies with traditional foods like tomato products, as

well as with typical Brasilian pcoducts iike deans with or without
meat were carried out. The bean product was succesful and this is a
product whic.. requires a lot of heating in the home, it seems to have
good market potential. The tomato products were less succesfull and
shelf-life was shorter than in cans.

Shelf-life of acid products with other materials like metallized PET/
PE, Nylon/PE, and PET/PE was evaluated and fouad to be short (about

2 months) at ambient temperatures.

In addition to the Retort Pouch project several other small
projects are being carried out ia the group includingl

a) Evaluation of Aluminium Tray Packs

These are semi rigid heat sealable trays suitable for

thermal processing.
Initially optimum conditions (time, temperature and pressure)
for sealing were studied. Method for =measuring heat penectration with

Eilab termocouples was learned.

The objective of this study is to evaluate these types

[&]
rn

pacxages made from local materials for:

1) Meals for airlines 1in non sealed containers cooked and kept refrige

rated untill use.
2) Prepare acid food in chese packages.
3) Prepare low acid sterilized foods in these packages.

At present only imported trays are used but it is hoped that
in the near future a local firm will prepare samples for evaluation as

regards integrity of internal coating and sealability.

b) Seal perfomance of polyethylene coated aluminium foil to polystyrene
cups. This is one example of several routinequality control and testing

projects carried out !{or indusctry.

3ased on above analyses the writer feels that thé group
is now well trained to carry out a variety of Projects in the field
of Flexible and Semi Rigid packages for preserving foods. The group
has at its disposal most of the equipment needed to carry out nrojects
in this field. It is thererfore recommended to use this capacity for

some long tern in depth studies related to new processing system as will

be outlined in morc detail furcther on.




11

In addition to above several discussion were also held with the
Metals Group and Plastics Group. Suggestions for improvements were made
which included: Use of whole cans, rather than smali 2cm? disks, for

corrosion - polarization studies.

Use of alectrochemical measurements for external corrosion

studies.

Use of flexible films for modified atmosphere packaging of

fresh produce as well as meat or fish.

D - ASSISTZINCZ IN PROCESSING OF DJIFFIRENT PRODUCTS

During this mission several small projects were carried out.

a) Packaging green olives in transparent flexible packages. A study

was initiated using two different filling - processing methods and
suggestions for quality evaluation during storage weve given. These
inciuded following color changes by measuring exteat of browning

spectrophotometrically and trying to evaluate texture by meaas of a

compression test used for corrugated cardboard.

b) Processing sausages in retort pouches.

Sausages were vacuum packed into retort pouches and processed
in racks in autoclave. Heat penetration curves and Fo sterilization values
were obtained by ELLAB SYSTEM. The Fo values were also checked by
calculations. SinceEllab Systems Fo values only integrate from 1109C these values
were found lower than calculated values which take into account also
the 1009 to 1102C range. It was suggested to order a part for the Ellabd

to enable integration beginningfrom 100°9C.

c) Use of different tvpes of thermocouples.

Ellao thermocouples are reliable but very expensive. Thetelore
thermocouples made from 30 and 24 gauge copper constantan wire were
tried. The main problem is the insertion of the wire into the packages
and the positioning in the center. Several ways were locked into and
further study in thus line is recommended. Special 30 gauge wire

should be ordered soon.
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During this mission relatively few industries were visited
due to the short time and in order to enable more effort on training

and long term planning. Industries visited were:

1. CITROSUCO PAULISTA S.A.
Caixa Postal 1, 15990, Matao, S.P.
Phone (0162) 82 1711, 8218656
Telex 166433 - CPEX - BR.
Person contacted: Mrs. llizabeth S. Steger, Manager, Technical

Reseazch Division.

This plant .is oneof the biggest, if not the biggest orange
concentrate producer in the world. They process abou 2,250.000 tons of
oranges annually. Their main prcduct is frozea concentrated orange juice
(FCO0J) with orange oil and dried peel pellets as by products. Main
shipping system is bulk tank farms, trucks, boat ard receiving tank
farns on other side of ocean. Part of prcduct ian (about 307) is still
in polvethylene lined steel drurs . Thus they have no packaging problexms

at this time.

2) ITAP S.A. Embalagens, Division of Flexible
Avenida Marechal Mario Guedes 77
CEP 05348 - Sao Paulo
Phone (011) 268 2122 - Telex 24808

Person contacted: Edelcio Xrobath, Technical Manager.

This is a large very mocdern manufacturer of a large variety

of plastic films and laminates.

Most films are based on local materials including adhesives,
which create occaisionally quality problems. They produce films by
laminatien, coextrusion and also have vaccum metallizing facilities.

Flant also prints films and produces pouches. A reasonable quality
control laboratory existy carrying out routine tests. They seemed to be
very interested in cooperating in applying new film structures for a wide:

range of annlicactions.
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3) SADIA - Frigobras, Companhia Brasileira de Friogificos
Rua Fortunato Ferraz 365, Caixa Postal 6558
05093 - Sao Paulo, S.P. - Brasil
Phone (011) 831 2244 - Telex 1122370 FCBF Br
Persons Contacted: Eduardo D'Avilla, Gustavo Godoy Pereira Silho

Clovis Peissahk Manczyk

This is a very large producers of meat and large variety of
meat products. Preservation methods include freezing, smoking, chilling,
etc. The plant is very modern with up-to-date equioment and seems to
have very high quality standards. They are very interested in new

developments in the packaging field and willing to cooperate in trials.

- FUTURE WORK PLANS

As mentioneed before the staff of CETEA is well trained and
has good facilities andatitsdisposal to carry out wmany research
projects related to food preservation. In order to optimize the use
of the facilities and strengthen the capabilities of the staff it is
strongly recommended to engage immediately in long term in depth
applied research studies. This should be done,and can be done, whithout
neglecting short term service projects and routine quality contrcl

contracts.

The nature of these studies should be true applied research
projects rather than mere routine tests. It is felt that this will
broaden the knowledge of the staff and give it a better understanding

of their work as well as provide it with continued iaterest in it.

Furthermore, the efforts spent in trainning staff locally
as well as abroad in non-degree as well as degree courses should be
continued. In due time several people should be given the opportunicty
to study towards Doctorate degrees so that they can assume leadership
roles in the organization. In the meantime evperts from outside should

be invited for periodiv revi2w of programs, as well as for in-house

training.

The proposed long terz projects are:
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1. Effect of different processing modes on heat transfer process times

aud quality of Flexible pouched focds in.retail and institutional. sizes;
2) Aseptic Packaging of Food Products;

3) Use of flexible packaging materials for modified atmcsphere storage

of non processes foods;

4) Effect of handling during processing and marketing on perfomance

of flexible packages;

5) Evaluation of locally produced materials for flexible as well as

semiflexible packages;

6) Shelf-1life studies - kinetics of deterizration.reations.

1) Beac transfer studv of fiexiblie nouches.

Objectives:~- tudy heat transier , calculacte process times and the
at. - -

effect on quality of foods packed in pouches.

Parameters of Study:

- 2 pouch sizes - retail and lkg or larger institutional size

- different fill in weights;

- different methods of air removal, i.e.vacuum,steam, streching of
pouches ;

- sterilizing media - water-air, steam-air, still retort and rotating
retort;

- different thermocouples to measure heat penme“ration;

- different pouch racks as regards space and flow of heating media
over pouches;

- different foods- low viscosity, hight viscosity, solids (sausages),

solids in liquid.

Tests
a) On packaging materials
Burst strenght, Flex crack, Bio test, expansion of bags, internal

pressure during heating, etc.

\ \
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b) Ou product

Color, texture, browning, degradation of specific component like Vit

in fruits, or Vitazini B, in low acid procducts or model solurions.

Part of this study couid also be used to test different

products or develop new formulation for products for the army, etc.

Note: Due to the fact that, except for Japan, the retail size Retort
Pouch nas not found market acceptability, it is this writers opinion
that future efforts should involve larger size pouches for institutiona!
applications. This market is expanding rapidely every where and is
easier to penetrate than the retail trade. For example, at present
products like tomato, catchup are being hot-filled into Z0 liter pouches
for the fast-food =market in the U.S.. Other exanmples exist. Therefore,
some of the efforts should be given for obtaining data on hot-fillinz
and cooling svstems for pouches and obtain coolinz maethods.i.e water

dip, sprays and agitation during cooling.

1) Aseptic Packzging

This processing technology has achieved great importance for
a variety of products in the U.S.A. as well as in Europe. Its further
application to a wide range of products, both acid and low acia can be
expected in the future. So far this method is limited to essentialiv
liquid, i.e puzmpable products. Several companies are working on
2quipments to process aseptically products with particles. One such
systems was described in the short course. It is therefore fthis
expert's opinion that the Special Systems Group should acquaint itself
with this method and set up the proper procedures for its use. Several
pieces of equipment will be needed for its application most of the=x

available locally.

Objective: To set up infrastructure for asepticall ackaging foods
vbjecrtive P I y B1ng

and use it for stucdies on several produ-ts.

Studv Stages:

b

a) Study present state-of-the-art fronm scientific and comercial

literacture.
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b) Set up equipment for trials including:

- aseptic laminar flow cabinect

- build tubular heat exchanger fer ir-line heating and cooling

¢) Study various methods to sterilize packaging materials including:

- saturated steam, super heated steam and clorine or iodoform;

solutions for sterilizing rigid containers like metal, and glass;:
- hydrogen peroxide a:t different concentrations;

- ultra violet rddiatiom;

In all cases tests should include different times, temperatures,

concentrationsand cominations of these.

After completion of preliminary tests,a test microorganisno
like Bacillus utilis shouls be used. In alil cases tests nust be
carried out for microbiol sterility as well as possible adverse effects

ais.

pe

o

cn paccaging mater

[{3]

d) Carry out tests with food products, and/or model sclutions, usiag
glass or cans as controls. Shelf-life studiesusinz at least three temperatures

(139, 259 and 359C) s.auould be carriad out.

Initially all foods in these studies should be acid foods. At
a auch later stage, the heat process.ng equipment of the "Martin-Dole”
aseptic system existing in ITAL could be used to fill aseptically

low acid liquid products.

Furthermore, applications for this system to large pouches

(bag in box) in Brasil should be evaluated.

3) Modified Atmosphere Packaging

There is an increasing consumer demand for"fresh™" i.e unprocessed
products with reasonable shelf-life. There products include fresh
produce, meat and fish as well as a variety of prepared products like .
salads, ready to neat and eat dishes etc. One method of extending shelf-
life of foods, without using chemical preservactives,is throuzht the use
of gases iike carbon dioxide or nitrogen usually coupled with refrigeratio
The application of this method requires use of special pera s€ective
plastic films, i.2 films which have specialiv needed permabilicties to

CO0,, N, as well as water vapor. Furthermore good xnowledze about

physiolocical changes taking place in "fresh” products is needed.
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In general it can be said that this methed can double shelf-life at
same temperature as compared to storage life of same product with out

nodified atmosphere.

One potential anplication discussed during this mission was
to slow down spoilage of fresh meat by a combination of sanitiziag
treatnments and packaging so as to prevent spoilage during 24 - 48 hours
even at ambient temperatures. Since meat is an expensive product it
certainlycan bear the extra cost of packaging materials especially if

these also reduce loss of weight.

P

Jbiective: GEZvaluate feoa

7]

ibilicy of using flexible films for modified

03

ataosphere pacikaging of fresh products.

Test Stages

a) Study present state of theart ia this field and lock
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apoplications in 3rasii;

b) Test permeatiiities to CO,, N, and WVTR of a wvariety of local a=nd

iizs;
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c¢) Carry out shelf-l1ife studies with fresh produce at refrizerated

S

e
(39C) as well a2 aigher temperatures (139 and 230C).

&~
~
(41}

ffect of handling on perfomance of flexible packaces

in the past most effortswere given to settinzg up zrocessing
ané qualitv control procedures for filling, sealing and sterilizing
scuches. As a continuation of these studies it is now recoamended to
evaluate perfomance of pouches to simulated transportation and marketinz

conditions.

Objectives: Study performance of packaging materialsof thermaily

processed foods sublectedof simulated marketing conditions.

Test stazes

a) Select and characrerize three different packaging materials. It is
recomnended that locally manufactured as well as imported rmaterials
be chosen.

Standard ~ethods of eva'uation includine thicrness, laminacia

1
a streanch

Heat sealinz :0nuitions, durst strenzht etc. will He used.
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b) Prepare and prucess pouches with culture nedia.

c) Subject pouches to simulatedtransport abuse using drop test and

vibration tests according to ASTM.
d) Evaluate package integrity using. Bio test, changes in permeability
of whole package as well as by quantifyinz visual defects, like flex

cracks, etc.

5) Evaluation of locally produced materials

The policy of Brasil is to minirmize imports as much as
possible and increase production of locally produced materials. This
is a justified policy but must be accompanied by suitable quality
control procedures to arsure performance and safety of packaging
daterials. For example improper application of adhesives or printing

solvents can have adverse effects on packed nroducts.

Ot jective: Evaluate characteristics and performance of locally produced

. -
)¢

sackagzing =materlals.

Test stages

a) Characterize different packaging materials as regards strenght,
lamination bonds, permeability properties, migration of monomers,
adhesive or solvents and compare results to those obtained with siailar
imported materials: Nyion/PE; PET/PE; laminates with aluminium for

acid products (resistant to 1009C), semi rigid aluminium trays should
be included in this study.

b) Prepare model solutions and check for off=tastes or off=~odors using

taste tests as well as "HOT JAR" method.

c) Make shelf-life studies of flexible pouches with different acid
products including tomato products and olives, using hot=-fill (if

needed) and in-package cooling.

d) Zet up procedures for packaging foods in semi ~igid aluminum packs

and test packs with differect products.
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6) Shelf-i1t

Quality assurance of new processing ancé pacikaging svstems
must include predictions of shelf-life in commercial marketing channels.
In order to enable these predictions data on changes during storage
nmust be available. The collection of these data involve studies of the
kinetics of deterioration under varying storage conditions and
obtaining rate constants of the relevant deteriorative reactions.shile
literature values are available it is very important to set up proper
procedures to obtaih data locally for products and under conditions
existing in Brasil. Availability of such data will enible future shel?f-
life prediction based on accelerated tests and thus shorten the tine

needed to obtaia =zhe prediction.

Objectives:
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parameters which zovern their shelf-life.

b) Evaluate changes of above parameters at at least 3 -
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c) Obtain reaction rates, QID values, as well as enerzies of activation,
s0 as to define the permissable range of accelerated temperature

conditions.

C. Requirements for additional equinment

-~

The facilities of CETEA are well orranized, all equiprent
is in good working condition and staff is well acquainted with ics
operation. A few additional pieces of equipment and supplies are

strongly recommended to be acqguired as soon as possible.

1. A laminar flow hood for aseptic work. The hood should be Hig enouzh
so as to enable fiiling as well as sealing operations to be carriet out
under it.

Potential supslies available in 3rasil in Campinas

Cost estinacte ¢ 2000 - $ 1000




2)

3)

4)

5)

6)

7)

8)

Pouch filling machine for liquid products

Single Piston filler with adjustable range from 100 to 250 ml
Potential supplier. Simple Filler Corp, 3490 Investment BJud
Hayward, CA 94545, U.S.A.

Cost estimate $ 5000 - $ 10,000

Positive sanitary pump with variable speed drive
Mono or Waukesha type

Capacity 200 to 1000 ml/min

Suppliers Netch Germany or Yovno U.S.A.

Cost estimate $ 1000

Tubular heat exchanger

4 tubes (1,5 m length each) and shell

Design sketch for local manufacrure was given

Polvstyrene cup heat sealer
ade locally

Cost estimate S 1000

Apparatus to test flex resistance of flexible
Packaging materials:
Supplier Test Machines 1Inc.

400 Bayvview Ave

Amity Ville, New York 11701

U.S.A.

Cost estimate $ 4000 - $ 5000

Thermocouple wire - Copper Constantan

30 gauge - At least - 100 £t

Supplier Omega Engineering Inc., Box 4047
Stamford, Conn. 06907, U.S.A.

Cost estimate $ 100

Change part for Ellab recorder to enable process time integration
from 100¢9C.
Supplier Ellab, Copenhagen, Denmark

Cost estinate § 100
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In addition it is recommended to adapt retort for work with

steam and air mixtures. This change may require some new acessories.

Furthtrmore it is recommended to insta'l as soon as possible

the rotating autoclave situated in the Unit Operations pilot plant.

RECOMMENDATIONS

1. Continue assistence to industry as concerns quality evaluation and control of
packaging materials,'trouble shooting and carry out special projects on a

contract basis.

2. Continue efforts in “rziningstaff at all levels locally and abroad. Encourage

. .-

staff to obtain advanced degrees in different areas and in different olaces.

(VS

. Start as socn as possible long term applied research project with %he aiz to

deepen knowledge in new fields. New projects recommended are:

a) Heat transfer studies into flexible pouches in different sizes using different

heating methods.

b) Aseptic packaging of foods including study of methods of sterilizing packaging

materials.

c) Modified atmosphere packaging of fresh produce and meat.

d) Effect of handling on integrity of flexible pouches.

e) Shelf-life studies - kinetics of deteriorative reactions.

4. Obtain additional equipment and supplies as detailed in report.

5) Arrange for periodic review by external experts of work program.
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ANNEX II

PRESERVATION OF FOGDS BY HEAT
DEFINITION OF TERMS AND METHODS FOR CALCULATING PROCESS TIMES

An uncerstanding of +he ianguage, terminology, 2nu - mbolism Is

reczssaryto differentiate the many facets of microdiclogy, statis+ics,

an¢ engineering in the sterlllizaticn area.
-~ .

1+ is also necessary +o

uncerstand The mathematiczal relaticnships that form The basis for an

rS
3

ralytical Treatmen

2
ticn

cetermining *the sterilizing value or in designing

for the procduction ¢f sterlile productTs. Mathemat

selp +to clarify +his cTherwise ratner comslicaTed

szience.

o
.

Much of +The grcgress in the sterllizaticn ¢

using neaT ang cther fcrms cf energy nas tee

o

o

standing of Thne crccess

~e
fo

cCss anc evaluaticn

ble The aralyTic

e
-

Terminology and egiavicons imaorTanT in the

ricrocrganisms and in nheaT peneTr2vicn analysis 2

acditional

sterilization micrcbiology area are 2t the enc of
Temcerature

Thermal

To indicate temcerature. Subscripts asplied 1o

scecitic Temcerature conditlens such 2s:

T

is

[

1S
.

1S
TemoeraTur

Terms is

cf +he sterilizatica srocess.

+narmal

list of Terms ancd cefinitions used In +the envirormental

cestruction of microorganisms geals with

L]
(]

Temcerature {(cegree

verceratire (cecgrees

b
]

Matnematical rela-

ships ara used both in ceveloping corceptTs and laTer in a2nalytically

sterilizzticn cycles
ical relationships cften

and involved aresa of

and drug precucts
°Yy 2an yncer-
ne2s mace
sterilizaticn drocesses.
gestructicn of

re cescrizec teicw. AR

anrc

Sazticn 20.

+amserature effecTs,

T will be usec

-

e T are used to dencTe

S

in Tezle 1.

ShCwi

+hrouchecut
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Taszla |

Symzols and Cefiniticns of Terceratur: Terms

"~

-4

Temgeratures

Initial preduect

temperatursa

Hea+ing medium

Ccoling medium

temperature

Intarcest of fittad
straight line to

first heating curve
Steam-of{ preduct
terperature

Interzest of straight
line fittad to

ceoling curve

Qefinition

T is a ceatiaucus temperatur2 variazdle. To
ldentify specific temperatures, subscripts

are added. Unsubscripted it refers 7o producT

or csntainer Tempgeratura.

The temserature ¢f *he product at the tecinning
of the process. It is usuzlly measurad in Tae.
slowest heating zone of the containar. in
hear penerrarion calcufaricns: T3 is

me2surad wnen ?h = Q. Iideally, The Ttamteravurs:
sf the ogroducT snculd Se uniferm TarcugnhguT The

coavaizner at T, = C, sinc2 a2 Tamceratyra variavion

- ~
may affect The j-value.
The temcerzfura of +he medium in which fhe

containers ara heavad.

The *emgeratura c¥ the medium in which The
containers are ccoled.

The inTargesT ar fa = 0 of +he exTansica 2f Tre

line fitted ‘o the log-linezr gerticn cf The

heating curve.

The temperaturs of the preduct av ¢ = ¢

The temperature interceat value at ¢+ = 7 ¥ *he

g ¢
extenslon of +the llne fitred +o the lcg-linear

porvicn of the cooling curve.
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Tire

Time is the second important elament In heat resistance studies. Time
is uvsually mea5ured'ln minytes. We shal!-be dealing with time both on a
practiaal or clock basis and time on a theoretical basis. The symbol (+)
will be used to indicats rime that (an be messured with 2 clock. Appropriate
subscripts will be used with the symbol (1) to Indicate particular time
me2surements. The symbol (fh) wil] be used to dencie the total heating
time of 8 heat destruction test; the total heating time Is measured s+arting
from the +ime The container or unit Is placed In the heating medium and is
exdcsed to the heating temperature, be [t retcrt or autoclave, and ending a*
the end cf The heating pericd when the container or unit contacts the cooling
med]um.

Other time terms are shown in Table 2. Time reiationships during a

steam sterijization process are shown in Figure I.

The Survivor Curve

The micrabial surviver curve relates the microtial posulaticn and heating
time. The symbol N Is used +c indicate microbial poculation in numcers cf
orzanisms. Scecific terms useg are:

N, *he ini+ial zcouiation in numder of crsa2nisms per tude, vial,

can, or other unit 2nd

N +he pcpulation in numter of organisms per tube, vial, can, or

ctrer unit afrer heating time U.
The heating time UT tnat is used with the numper cf orgcanisms To locaTe
2 point on the survivor curve is *he equivaienT Time that The organism
was subject to the heating medium Temperature. The sicpe of +he survivor
curve is an imdortant unit; Tthe C-value is 2 measure of +he slope and is

cefined as:

DT‘ the thermal resistance value In minutes at temperature T,

+he Time %o recuce 2 microdial pcoulation by 9C% at T.

For example:

C The thermal resistance value in minutesat 25C°F, +he +ime

250°F ©
To recuce a micrehial oscsylation by $C% at 250°F,
Tne number of crganisms, N, per Tude, vial, c2rn, or cther unit aiter

-~ A
--= 20

I-
[}
[\
[ 4
(]
w
]
)
3
. )
] ]
[11]

ne2=ing Time U, c2n de z2lzuiz
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Tine FegresanTs r2al time sener:liv in mingtes
3atl tearing Time reating Time Jses in l3icuiariag sTerslizaTice

srocesses v The mernce ot Zail (i323)
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e rersrT or rFaTIrT Or autociave meect2s TNe Jesigh ScerETifg
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Process time The -rocess *imm, scmerimes Z3ilez swell *ire,
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Eculvalent Time

In studies of thermal resistance and In sterilization process Cesion ang
evaluztion, we will be using an egqulvalent time value referenced +c a par-
ticular temperature. |In dealing with the heat destruction of microorzanisms
in real sysvems or sterilization processes there will 2lwavs be maisurable
heating a2nd cooling lags. The eguivalent time at a reference temderature is
determined matheratically. The temperature history of the hea? treatment of
an object includes a heating and coolling period and usually a holding period
at “emperature T'; the analytical trzzTment evaluates the heating and ccoling
perio¢ usually in terms of the helding temperature. The resul? Is +he time
+that, as far as heat affect is concerned, the chbject uncer test was at +the
TemperaTure incdicatec by the subscript of the term. Various names are used
to designate This Time: theoretical time, integrated time, or equivalent
time. The fOIIOwing'symcols are 2il units of ecuivaient time: UT' DT' and
FT; These terms will each be cefined in the following diszussicn and are

shewn in Table 3.,
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ania 3

Sterilization Micrcoiolegy and Sterilization Frocess Terms

F(T,2}

0

]

Index of microoial
destructTicn, measured
as time

Sterilization process
ecuivalent time

Steritization orocess
equivaient time

Starilization procsss
equivalent Time aTt
120°C, = of IC°C

urviver curve
inTercesT ravio

(I 72

lnitial numoer of
aigrsorsanisms Jer
unit

Number of mice
organisms per unit
2fT2r stress

Semilcgarithmic
grapn rasgrassion
line y=intarcsot

Equivalent Time at
hea+ing madium
rempersrura

Spera leg
recuc*icn

Temoerature decenc-
2rca facvor,
=eas_.ral in Jegraes

CefiniTion

et t—————

The time reguired at a Tamperarturs, 7, TO reduce a
specific micrcbial pooulation by 90 perzent. I+

is the negcative reciorocz2l of the slcoe of the line
fitted to The gr=oh of the lccarithm of the numoer
ot survivors vs. Time. For the O-value to bte
mez2ningful, the semilocarithmic surviver curve

must approximate a straignt line.

The eguivalent Time at temoeraturz, T, delivered to a
centainer or unit of proaucT for the purscse of
sterilizaticn, caliculared using a specific vaiue ¢ z.

The number of equivalent minutes at T = Z50°F
delivered *o a czntainer or uni® of product
calculared using a z-value of I8°F (or at T = [2!.1°C
with a z-vaiue of 1G°C).

As we move To metric notaticn, it is suggesveq ThaT
120°C be the reiarancs temperaturs, The svarilizarion
vajue cafculared with 120°C as The referancz Temger-
aTure ang wi*y a z of 10°C would te inciczrad by

The svmeel, T,
z

Tha -27io of Tre Icgarithm of Thne y-iaTarces~ oF
+ha racression line for tne survivor cara givided
by *he logarithm of +he initial numter of micre-
organisms in The unneated czat-cl: IR = leg Ny _/leg M.

The letha! ~2v2 is Tne rara o sasTrucTicn av
tamcerarturs, exgrassag in Terms of Tne rafarancs
Temcerature, Tegs. 1he 2ctual units of the letnal
rate, L, are: minytas at the reference remcerarure

per minutes at Ttamcerature, 1.

14
-
te

The initial numcer of viable microcorganisms Zer uni™.
This is scmetimes c2llad The biodurcen.

The numder of viablie micrzorg3nisms per univ That
survive a heat procass of U min. ar T) cr of
aT temzaratura, 1.

A
3
2

The zerc-time interzact of the ragression line fitTac
to surviver garta in a semilcgarithmic surviver curve
format,

The equivalent *ime art Tne heaving medium *ammarary-=,
Ty, provided By *he neaT crccass calculated using 2
stecifiec z-va:ua.

The numder of- iog cucles of score zesTrucTion in 3
sTerilizavion srecess. Y. = leg Ny - log N-.
Temoerarurs ccefiicient of micrcoial cestruction (2.
The nurser oY% Zegraes of Tamperarure Inange necassary
TS Z2us52 *me T, 5, or J-vajue To cnange By 2 ‘ac-zr

é -
T TN,
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reatine Curve Terminolicov

The heating curve is normally develooed by plotting the lozari+hm
of the difference beTween +the heating medium TemseraTure ang The prcduct
or object temperature vs. time. The logarithm of The temoerature dijf-
terence function is pictted on *the y-2xis and time on the x-axis. When
eivher heating or cooling data for conduction hezting or cooling cbjects
are plcited in this manner, it should be possible to draw 2 sitraight line
asymotote to the heating curve. The equaticn for this straight iine

asvmptote is:

-t
Jog (nl -T) = —?:- + leg j (l' - ao).

We nave previously discussed the fact *hat T rafers o temperature and Tha+t
» 15 a measure of tne slope ot *he heating
by SC

T refers To Time. The 7erm,fh

curve; it is the time for the Temderature difference 7O cecreas

(1]

pa2rzent, Graphically, it is +he +ime for +the hea+ting or cocling curve TC
Traverse cre lcg cvele. The va2iue , The jag facTcr, in The eguaTicn is
+he invercssT funcTicon ang is c2lzulztes using T,

zerc-+ime inTerzast value, Ta’ ir The ecuation:
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SIMILARITIES IN Trz TREATMINT OF EXFSHENTIAL PELATIONSHIPS
IN TrZ REAT STERILIZATICN AREA

In lezrning, understanding, and rememdering new information, <+ne
2bility to 2ssociate tne new information with informetion Tnat the
individual already knows increases The rate cf learning. It is easier
To uncersTand, accept, 2nd rememper new knowledge if +his information
fits inTc an alreacy establisheg thoucht pattern.

In the micrcbiology and encineering cf sterilization processes arsa,
we ce2l wiTh Three exdonential functions tnat we cescripe grashically as:
The semiiogarithmic micrebial survivor curve, the semilogarithmic
z-vaive or Temperature coefficient curve, a2nd Tne semilogarithmic hezting
cr cooling curve. In Treating tnese three pnencmena we are ccnsistent
in That we will uvse parzameters That are similar in definiTion for -
similar mezsures of all +three exocnential functicns, anc seconcly,

't Th2 Tra
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58 2s Tarmssrzturs incrz2ses wiTh Time Tne curve movas in 2n upwars
jirection ant wnen ¢cIoiing Takes Di2l2 where the Tamoeravure cecrsases
nes2 Tnrze cxocrential furncticns

witTh Time Th2 curve will move cCwnwar:c.

2 MATREmZTICIZN whRO 1S 2T NCTE wiT™n numzters, aS we are with cur
iacgratory organisms, wants purity cf numbers and fundamental relation=-
ships. The movement of The line cn The grapn nas no pnysical meaning

+to tThe matnematician-only the chance in numerical pasis; +herefcre,

he m2y view our procedures 2s peing JncrTnodex maTtnemaTically even Thougn
They gonT2in no inaccuracies. e telieve That naving crapns wnere The
tlow of The graph is in The same Jirecticn 2s Tne flow of The variatie

is more comforvable TS The micrcticicgisT or engireer Than having The
lire on tne graon move in a2 cirecticn coposite To The way we would

ncrmally cerceive The variaple Tc cnance. |n Tne second place, The

vge St 2 ix-valug, Thz crnanc2 in TRe x~2xis variasiz for Tae ling cn Th
IrT2In TC Travaers2 on2 leg Tycle on The y-axig, gives Tme microliclegisT

cr znzinzer a2 fe2! for Tnis varizsle since 2 Lx-value fsr- 3 zne icg
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neat Transter relartionsn 0 wnere The UnaCTToIlisnes
Teccararyre aitference is a *unction of Tiem, the ‘~vaiue
curve. Typical grazns fcr esch of Tnesa funcT.ons are
SNCwn On °his Jage: T™Me T—value Curve in Figure &, trg
z-valus curve in Figure 3, and ™Me t-vaiue curve 2
Figurs C. In Jacn c3se The :Tocrrant zaraswter, 2, @, 3°
f, IS ™M z-sxis uniTs necessary for The straign” line
semi logarithmc Zurve T3 Traverse dhe oG Cvcie.  Thes:
Curves are want ‘or racTical use in That The use~ aa
visuBiiZe enar is Naccening T3 TTha varigCle it There s
3 change in the J-valuve, if Thers i3 & Inange in e l-ovatue,
or it thegre i3 a change in the f-value. CansisTancy in
rreating survivar 1ats, Tergarature ccetficient oS cers-
Tions, 3nd heating CNArECTEr:STICS IRSUIG mase T dasier
‘Sr THe new STSRAT T3 LrIECSTINS TerminOICgY € I3NCES TS

3r The srariiizaTicn arsa.
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RAHN STMILSZARITEMIC SURVIVOR CURVI MOOZ:

we will cdevelcp 2 simple expression for tne death of microsrzanisas
using The mass action laws.

We are intverested in killins microcrganisms and in the aumder +tha<
die but we are more inverasted in the number of microorsa2nisms that
survive., We will use the svmbol, N, tc indicate the number of viabie
{surviving) orcanisms in our samole.

Consiger that as 2 sTa2rring 3d5inT we have 2 [arge number (cf the
orZer of 1CE5) Sacrterial sacres zcer test unit.

wili occyr wnen 2 singie molecuie in The sosore cagragas or becumas

i1

inactivaTed. There is oniy cne of Tnese maiecuies per spore and i+ is

The s2me molecule in each soore. Decracding of +ne single molezule
r

“
v
w
[
-4
=]
8]
n
1]
-t
4
Ll
-+
g
(1]
5
)
o

iTy TO QuTgrow ang resrocuce) of The spore.

he Zecragavion rsacticn of this molecuie follows the laws of

ne cn2nge in the numder cof vizbie spores with Time

is 2 Tuncticon of The number ot viabje gosras orzsent and can Fe wri—Ten

in nmathematical Terms as follows.

AN _
el

once having expressec The numper of survivors in eguzTicn Torm, we

c2n rzarrange the eguavion into differantial equation form and integrare

s

The Zitterantial ecuaticn,

v _
PZaatd

a2l _ _
= —K

o N = =Mt ~C




We can acw evaluata +ra zzmsTa-~T [a the aguatiza 2Tove Using Tne
bdeuadary coaditicns wnich2ar2:  av tir2 zery the micrsoial szers ceoulatic
is N_or sincs we [2vs TR2 2g.2Tizs (2 iccaritomic form w2 wijl le”

o 2
cur ¢csasTant agual thg azTurzl oz 2f v {n Nc). We C2n nCW ins2rT This
~t
value and daveics The finai =zziatizn.
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2222 25 2TLET T anign savs TRavt The aumter ST
= 2- z.eZz-m=mTl2p Tanners, (Fowe tleT on o2 zra2on
g 2nZ i3 «iTn 2 3To2ignT line.  we have a graon
an ari-rTz~'z flrzTizn. This is c2lied 2 semi-
Sur Too2 s -2 '2¢ *ne samiicgariTtamic surviver
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ANALYTICAL TRIATMENT OF MICRISIAL DESTRUCTION DATA USING
RAEN'S LTSARITHMIC CRIZR OF TEZATH MICZL

# practic2l system for treating micrchiatd destruction cata must be
-~ziztively simple in corncept ard in use. Na*ural louarithmics (loca-
riThms tC the base e) are re2dily understood by the mathematTician;
~cw2ver, cecimal locarithms or lcgaritnms +o +he base 10 are easier
‘cr The noametnematician to understand and use. Therefore, we will
zcavert the Rann semilegarithmic survivor curve model that we have
crevicusiv cevelcaed frecm lcgarithms to the base e to locarithms +o +he

s2z2 iC. To'simalify The coeraticn we will recefine k to te k/Z.333.
Ly N =—Kt +L2 Y
Leg N =—2. 2071t +.Log /]
A=2305K
N=—Kt + Loy N
NN 4t

A = /0

2 will mace 2 furtner simpliification by replacing the reacticn rav

z-3-2aT, kx, wiTh The C=value,

w2 will now ~z2i2z@ *ne "t" i “ng ezua*ticn wiTh MU' JRizh we
c2¢ire czpzidicallv 28 *ne ezuivalent Time 23T TesT wamoera-urs 202 This
- cive cg The finz2l m2lel we will ce using *nrouzhouT cur Zisgussion
T° <izron 2] ceszTeLzTiICA.
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CEFINITICNS GF M"STZRILI" AND "STz2i1LIZZ"
AND PRACTICAL IMFLICATICNS

Sterile. Fre~ of living orianisms. STerilize. Any pracass, saysizcai

or cnemical, which will cestrcy all forms of life, acgliad sssecialijy ¢
micrsorganisms, inciuding bacterial and mold sterss, arg The inacTivaricn
af virusaes. The tTerms "starile,” "starilize,” anc "sterilizaTicn
zactariolcgical sense mean the ansenc2 or cestructTicn cf all viaktie micri-
srzanisms. hese verms ar2 noT relatvive - *hey ara 2zsgluTe; an iten o
unitT is either sterile ar i+ is ncT sterils

Tne gs2*h of orzanisas ¢f 2 micrsoial cosulaticn subjecTad t0 neaT,
radiavicn, or cnemicz2is uscalivy grocaess 2s a zeomsTric Irogm2ssica.

Trerafora, iT is cnlv witn 2n irfinitTa TrsatmenT thav cne c¢an te z2oscluTaly

sur2 tTaT al!l migrIerzanisms nave tean xillsg 23ng Trersfzra 20l uarTs
ars sTsriia.,

Ircrzasing The starilizatica crceess useaily rmeseifs in ragulsg sre-
zuzT guality, 2iso 2¢caz 2xzanse.  Therafcrs, it is suggassTac Trhar for

cznTrsl Jursesas The SrogueT Se aczaoted 23s 3eiag sterile wnen The Srooz-
s su¥ficiently lew 2nz that the ncnsteriij2
r

25 3s32cCiaTeg with The (s

(1

razarsd is not larzer Than cvher exi

s
sf thnis procucT or in everygay living.

A Acrking Aczrcacn to 3Scecifications fer Sterilizaricn Procasses

In Tne Jnarmaceutical incustry, To c2ll an itam 3terile, we snculd Se
anle 7o cervify that cn a sTatistical basis, basad on grocessing congiticns,

fewer *han cre univ in cne millicn units is ncT starile. The argoagiliTy

cf a nonsverile uniT (rHSU) Therefore should 5e less Than 16°°
r—.-'Tr-.—..—._._ ——— T e S—————
for ncrpatncgenic :crfzmina?icn cf ca2nned fcegs, The same ANSU lavai

of less than l0-° ancears raz2lis*ic.

nhere *ne sathcgen ClesTridium Sctulinum is 2 r2z2r:, The 572riji-

zation precass should ne cesigrned SO fawer Than Cne IonT2iner ia on2

sillicn contaivers will nave 2 vieble Clestridium sctulinum crzanismafrar

*na contTa2iners have raceived The cdesign sterilizaricn process.

2 arzsaniliTy of 2 acnstarile unit (PNSU) 2f lass -=21 10 7.




SCUSSICN CF A PRCCLCT UNIT AS TrZ 22303 7l
CALCULATING THZ IJESIGN F-VALLZ
In our definiticn of the rarms "sterile,” "starilize,” 2- s
we acgrae thaTt thesa Terms ars nov ralative 3uT 23ra2 agsciuTs. An iTen oo
unit is either sterile cr it is nor sterile. Sincs The ceaTx £f 2 migrzzial
coculaticn sudjected to heart, radiation, or chemic2is orocsscs 35 2 TYI2

ta traatrart 4ill Zrzguze Tos

cf gecmetTric arcgrassien, only 2n infin
agsoluTa cancition ofystariliTy.
Ne raczncile these Two divergent coaditicns Sy 52ying TRET as 41,

accsnT for commercial use a procucT that is sverile if tne grsoaziliTy =Y

+he unitT beinc <cnsverile is very low. I+ is csnarally agrses Tn2T for
snaracauTizai 3roducts tarminally svarilizee 2s zarT of Tng manuizcTioicg
sr=c2s53 “ne~2 snould te fewer Than cne acnsTtarile it A Thng TTLLIIn Wn . Ts
i=n@ srazaciliTy oFf a3 cgasterile uni-, SM3U, sneouiz T2 .23z ThEm SR -
*ne fccl iaguiToy, for The saTnegen CicsToizivom sovoiicuT, Ther2 3hCllIoCz
fawer Tnan zcne unit containiag ClesToisicm Sevoii-<um soeres f2r 2T uriea
nse < 10Ty,

[n *3is 2iscussicn we have 2airzady ajluyces +3 cur 22iaT 27 vize, «-Z°
is T2 stariiiza araducTs so that The final zrcoa2biility of wizrzzizi suryuz:

f 3 ynitT of sraducT.

0

is cn tThe hasis
Making the starilization pregacility (PNSU) acciizacie T2 2 .nit of
DrocucT means That we consider The initial micrsoiael fcaz cf 2 unit o-

araducT and raauce it To a grehadility of IC T in the c2sé 7 IriZ SrzIlcTs.

i

Re sars orzoecility will exisT whether we T2lk 2zcuT 2 zZre-mj amzuia 27
aragucT or 3 cne~liter betvle ¢f groducT.
Using a rather imprccadle analysis, we <2n sngow The varia<izn ia This

aporsach to sterilizaticn process gesign:  ler us assume That 20 inliviIlz

consumes Two liters of a proguey that is availabia ia Sern zZne-ni 2msoles
angd in cne-iiter botrles. [ f all +he orccuetT, oo™y in zcn2-~l 2-2..3s5 2-2

one-!iTar horTles, has a orchaziliTy &fF 2 acnsveriie uni- (AN If 2.3zl

3 . . ; .
1@ ©, *hen in ccnsuming 2,000 w1 covained from Tws cne=-iiT2r 2TTisE 2

srocucT Ther2 will be 3 orssanility 0Ff Two in 10T 3f coT2ini-z 2 IIf-
Taminarag or ncnsTarile croducT. | f, ¢n Tne sTther Rang, e -~cisizizd
ccrsumar or st lizzd +ne contanTts of 2,300 cre-ml amciies, te acLil ~2n2
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2,000 uniTts witn each unit havirng 2 PNSU ot 10°°. The resul?}ng overal]
srctzbility of cbtaining 2 contamirated or nonsverile upif will be Twe
in 1,C00.

Anctner aoproach is to 2ssume *nat itne final product should have 2
probabili?y o* nonsTterile of cne in cne millien (10-6) or. the besis of
e2zh ml of product. This is iceal for one-m! 2mpules whers The prabadilirty

of 2 nonsterile unit is one in one million. However, in 2 1,000 ml tcttile

QO
“h

srocuct we will have 1,000 mis, each ml with 2 prebability cf nonsterile

£ 10'6, which yields 2 PNSU cf T

his line of thinking and orocecure would be accesvable Tor Tne small unit

for +he 1,000 ml bottle cf product.

(¢]

byt it would not be aczczctabie for the larze unit.

Setting tne stancarss cn Tne basis of the large univ, for example,
sTating that the prcbability will Le that you can have only cne nons¥erile
(liter of pcT+le &6F product) in one mitlion fiters, will mean That the
micratial concentration can e only ¢cne cr anism in one million liters.
This is ecuivalenT To cne organism ir !C' al or 1G ~ o rcanisms 2er mi.

This waulc ~e2r That *+he orcoaniliTy Tnat wouic be uses Tor Thne one-ni

-3 . 6 .
a=~sule woulc Se 10 7, comzared o iC +ne one=liTer bottle.

=ow snculd we r25olve Tnis crabiam?  Any sysTem ThaT is zoinz T 2

vszhie musT pe sufticiently simoie To de werkabie! I+ s22ms To me ThaT
we will be berter c¥f using 2 sincle orooability (PNSU < 10-5) cna The
s2sis of +he uniT O0f 2rcgucT Than TO Try TO use 3 2rsdadiiiTy on Tns
22sis of survivors per weight or volume of procucT. 70 use 2 prcoagiiiTy

iavel on the basis cf 2 uniT of weignt or volume recuires scme ?ncugh? anz
cscision as to wneTher we cesign on The tasis of Tne larzesT-siZec cocnTziners
an¢ have 2 constanT rave, whicn will put a larcer sterilizaticn .facTar on

The small volumes, or pessidly using scme Tyoe of siicinc sczie. Tne use

o7 a slicding scale a2g2in geTs us involved in +he size cf & cocrsumcTticn cniT.

| have alsc eliminaTec *the icea that we c3n cesicn oh Thne 52sis GF ~he

sm2!lesT cocntainer volume beczuse This will give 2 higcner orsnebility =7
2 conTaminaTed unit in The larcer vclumes, which will przoabiy be
rz2zcecTable. A fixed sverilizztion cvcle, such 25 The use ¢t 120 or

sz=e cther similar amocunt, will cive 2 variation in The final zrcsaniiiTy

ng ussn The s.Ze 3f The zont2iner.
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107° (ane acnsTerile uait wnen consumin: one amillisn uaiTs) 2ag TheT tae
ra2iavive us2ze rave is the unit (Th2 siz2 5P The coaT2iner 5 proscrTicnal
to *ne relative usage rava), then we can r=2Ticaalize That sTarilizazTicn
processes snculd be designe¢ cn tne 3zasis of the unit of arsducT and +na-
the prosacility of a nonsteriie unit (FNSU) sncuid te I -. This azarcaca
dces acT soive all probiems; sowaver, it will orcvica uniferm ralianility
on the unit basis, which | telieve is cesiranle 2nd aractical feor The

manutacrurer, *he regulatory agents, and also for Tne ccnsumer,




TEMPERATURE CCEFFICIENT MODELS

In our orevicus discussion of the semilogarithmic survivor curve it
was pointed out that micropial destruction tests are carried out at a
scecific temcerature. The cata that are generated, including the D-value,
are all soecific for the particular test temrperature., 7o use mic¢robial
gestruction cata effectively we mus* be able to adjust C-vaiues from
the test Temoerature to cther Temperatures of interest.

There ars 2 numder cf reasons why we need a2 vemgerzture coefficient

-
.

‘

mocdel T be ahjie To convert C-values or F-values aT cne Tsmoer

1)

Tur

(11}
(4

- cr F-vaiues 2T ancTner Temperaturs. Some Of The imscrTanT rsasens
are: 1) it is cesirazble 2nd efficient to T2xke agvantzge of The sterili-
zaticn value That accrues as a SrcgucT approaches heating medium Temser-

sTerilization vaiuves cver a range

'n Tne he2t sTarilizaTicn arsa *the Sigelcw TemcerzTurs czefficient
mccel is wicely usa¢ 2nd, in my 23inicn, 2f7ar3s The necessary acouragy
2iong witTha suoers csrvenisnce. Tre Siceicw mccel is gmcirical in nzvurs,
ouT we snculd not let Tnat cisTract freom its uTility. we wili ciscuss The
Sigcelcw mogel a7t scme length and w«ill use iT extensively., w2 will 2iso

The thermal resistance curve for a micrcorzanism is The curve ThaT

relates the OD-value at several TemteraTures. Trermal resicTance curves

2re ysually 2ssumed T2 be straicht lines over narrocw TemcerzTure rarges;
Tne sTra2ight line Ther—al resisTance curve is Zzscrized v Tme zsuaTisn:
- =N _-
g iV, = 7) + jcg Zo cr
' - res 1
re¥
T ‘ - I
- resfe
z= — —
o= e T 10w -
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Z is rhe tamoerature cnange necassary for O(T, z) or F(T, z) +c
change Jy a facror of ren.
thermal Ceawn Time Curve

The trhermal death time curve qgiffsrs frem the Tnemal rasistanca
curve in that @ thermal resistanca curve is, py Zafiaiticn, the Time at
a ranges cf Temceraturas To destroy $C% of The orzanisms, wnerszas the
thermal dea*th time curve is the time aT a range of Temgerarturas To produce
scme given level of sverilizaticn effect. The terms DO(7, z) and 7T, z!
are -alartad in that F(T, z) = Yn;(T, z), whera Yﬁ 1S selagTeg TO srovizge
a given cegrae of ces“ructicn or araservaticn. The tarm, Y, is the
numcer of legs of recucticn of The sacTerial acoularticn ane is scrmeTimes
referrsq T0 as The socr2 lcg racuctTicn (Yn is The sporz leg r=gucticn (SLR)
Yn leg NO - lcg N). The selecticn of Yn is scmewnat academic sincs
Tre value of F(7, z) is usually basad =n cricr arccassing axceriencs.
The acguavticn 2f The thermal death fime curve is:
log . =3 (T__.-T) = leg 7= .
Fai
The eguaTicn of The fnermai dearth Time curve in axacreantial form
(lethal r2v2 arrangzrent) is:
- _ -
= (‘Tref Z) . ,O(n - ‘!‘3-‘)/:
. F(T, Z)
P é Tref is Z5C°F z2nc z is 18°F, Tne =guaTica is:
F -
o = IO(' - 250°F)/l5°?.
Sul, 18T
Fﬁ is the agraed-cn §ymcol TO rasrzsent a sTterilizaricn value at Z5Q°F

-

wiTh a z-vaiue of [8°F,

The Arrnenius Mcdel

The Arrhenius mcde! reiztes the reacticn rate, k,

+thermal destrucTicn equaticn,

In N = =k+ + In No,

wiTh Tamzeratyura; cwever, in *Se Ar-henius cguartien, The
«, is ralavaz =3 apscluvte TamseraTura,
The nasic Arrhenius TCI2i IS 37Cwa as fallcws

from +he basic




where
-1

L]

the specific reaction time (+ime

LN}

)
. ., =1
ccnsvant known 2s the frecuency factor (*ime ).

a -
= 2.71828 and is the Nezperian nz+urz] lcgarithm ca2se

activation energy (calcrie);

o >» x
1}

m
"

sas constant, 1.5863 Cal/(°C mola); an¢

[ ¢]
"

"

i 2bsolute Temperature °K.

(2, R, 2nd T musT be in self-consisTtent units.)

An Arrhenivs gra2oh is orecareg by oictTing +he locaritnm ¢ +he

reactTicen ra3vTe, k, which is +he recigrocail ¢f ©, ve., tThe recisrzcai ot
- - - - - - - - e - ——
atsclute Tsmteratirs, FirstT orzer rzacTicn r2Te Czva wili srocuce a3
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DETERMINING z=-VALUZZ
I. J. Pflug and Theron E. Cdiaug

The calculation of the 2-value is based on experimental data that
may come from either of two types cf exoeriments: |) experiments carrieg
out to determine thermal death times (TOT) at different temperatures or
2) experiments carried out to determine D-values at different temperatures.
Below, we will briefly discuss how 2-values are determined from data

cdeveloped in these two ways.

2~Value fram End=-Point Data

The z-value is cetermined directly frcm TDT cata. The TCOT cata are
chTtaineqa oy testing 2 minimum of five replicarte units at ftive or six
r-values, each at three or four Temperatures. A larce number of reslicavte
uniTs, ncmogeneous recarding inoculum and procuct, a2re reguirsed. The
micrchial incsulum can be eitner Tne natural prccuct microficra o
lacoraTcry-orscucec scocres. Tne F-values are seiecTed SO ThaT orowth
in scme of the replicates is cervain ar the shortest f-value with no
srowTh 2T Tthe largest F-value.

AfTer The progucT is processed iT is incuca2Tec anc Those cantTainers
cositive for growth jcentified. The resulting gzta can now pDe ploTTes
2s poinTs of ¢grow?n and no growth on 2 semilcgariTtamic graonh of iog 7
vs. TemperaTure. Two F-values are recorded: the largestT F-vajue
wnere at least cne replicate unit was positTive and The shortesT F=value
wnere all replicates were necative for growtn. These "survival anc
cestTrucTien" F-values are gathered at 2 minimum of Tnree he2Ting
Termceratures.

After the davta are ccllectes the survival anc cesTrucTicn Times are
olotTed on the logc scale cn *he orginate vs. he2ting Temserature cn The

adscissa. A straicht 70T line is now fiTTec 70 *The cata. Tcwnseng,

Isty, and Zaselt (1938) offer Tne fclicwing sigzestions for zrawing Thic
line:
1Y & survival 20intT i€ consiceres 2s 22SiTive Q2T2 240 ThE Turve

musT be azove every survival zzsinT.




Z) Cestructicn points ara indicarive HuT °ST Sesitive owing TO Tas
onenomencn of "skioss." In censral, ~z.sver, 2 Tharmal de2Tn
time curve shculd ijie pens2Tn as many 2s3TrusTicn JCinTs 2s
possible 2nd still be 2bove 211 survival psinTs.

The slope of the TOT curve should bte zarzllel to The ganeral

rrand ¢t the survival ang cestrucTien zoinTs.

Thera have S2en no acdivicnai rules cevelczaed 2s To hew 2 "Sest" 707
line cculd be drawn. A straight iine is usually Fitved by eye 76 exgeri-

mental data follewing the Three rules just given.

z=Vaiue frzm C=Valua, Da+a

The seccnd way of esTimarting a2 z-value is frzm O-vaiues ceTarminedg
at differant heating temperaturas. When D-value zarta ar severzal diffaraar
Temoeraturas ara availgblel the z-value can be cetarmined by plotting the
cata on semilogariThmic Sraon pacer. The CO-value is pletred ¢en The leg

scale cn *the criinats vs. Tamseraturzs on the abscissa. Cenventicnzlly,

3 5TraighT line is dr2wn Torzugn Tre 2272 scinTs 202 Thne z-value is Tne
cecrzss of Tamcaeravura for -re Zevalue To cnangs w2 facTor oF Tern.

it is mora aczuyr2Ts 72 fiT 3 simoie, leasT s3uarss [ine T¢ The zaTa,
leg /5. TamceraTura., Gne I-value 2sTimaTa is To2 negaTtive recizrocai
¢t The sicce of Tna fitTed iine. The unitTs of The Z-vaiue ara Zegrsss
of temperaturs; it is imccrT2anT To 2(- 2ys inclucz The Tamgaraturs sc2i2

icentificaticn as °C or °F wnen using or resorving a z-vaiue.

Zigelcw, ¥, 3. and J. R, ZsTy. 19Z23. Thermal Zz27h FoiatT in Seleavicn
To Time of Typical Tnermognilic Jrganisms. J. iafscT. Tis. 27, &CI.
Tewnsena, C. T., J. R. Zs7y, anc 7. C. Zasal*. {G33. Hear-3a3isTance
Stucdies cn Spcras cf FuTrafacTive Anaeracss in Pelaticn TO
letermination of Safe Prsczsses for Cannes Foces.  Foegd Sasaarsa.

3, 323.
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3iGELOW MODEL

Bicelcew (1521) observed that if the logarithm of The destruction
time was plotTed vs. temcerature on an arithmetic scale the result over
the range ot TemderzTures studied was 2 strzight line. This method of
plotting thermal resistance and thermal ceath time datz must be judced
tc be emoirical. The simplicity of this Type cf analysis and the ready
adaption of the analysis To analytical manioulation has enccuraged the
use of This method. The lack of a theory as to why +hermal cestructicn
catea shoula ;es:cnd to form straicht lines wnen plotted in this mz2nner
nas causeg marny ressarchers TC pursue a2n unending search Tor 2 Theery
tnat could be used to reinforce this method of analysis or tc locate
or ceveicp anctaer methed of znalvysis that was mere amenable To 2
Temperature csefficient Tneory, The Arrhenius Type olot where +he

reac*icn rave 'z 2fctTad 2¢

']

functien of abscluts Tamserature has Deen
usad by many 285 2 sgohisTiczTag tocl feor trzating Thermel resisTance

cav2 tc ctvain activaticn snergies.

Cenera2l scuaticn ¢f +he Zicelow mecdel:
icg Fo = {7 - T)/z + leg T
- ' m2v - |
re’
The Zizzicw mecgel in exccmential form:
Fa (v -T/:2
= ¢ ref
= =
e
L]
ref
Sizziza, w. 2. 1220, Tre ggariTamiz mzEeimz 2% eeie—ai zzaTn Tisz zir.as,
<. acfezT, Zis, 25:20E-332
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g

cient of a prcocess is the change in The rarva

The Temgeratura ccesf
of the process witn a cnange in temjeratura. 1he Qlo-value is wicaly
usad by the scienvific ccmmunity as a measurs cf The Termgceraturs ccef-

ficient of cnemiczl and biolcgical reacticns. is defined as the

%10
chance in The reaction rate constant, k, for a caange in vemcaraTurs
P ————- - -_ e SR — - -_—- . -

of IC°C. In ezuaticn form:

The Q'G-value of many cnemical and biolcgical rsacticns is
ncwever, 9, .-v2lues icr the heat cestructicn of jacraria ara larzar,
(A" =

r2nging frem 2.2 7o 4.5 fcr ary hea2t 2nd 3 1o 20 for weT hear.

TRe z-vaiua is ralatsg o C‘q >y The foilcwing 2cuaTicns:
-
o o I . A . 10/z°C
I . = - — "_4{._ = 10
iCG "IC 8
Py i8 . . _ ., 18/2°F
- feg 3, . ° “Yic 'V
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THE GENERAL METACD OF HEAT STERILIZATICON PECCZSS ZVALCATIOL
INTRCCUCTICN
This secticn will be cdevorad To cevelicping the ¢2nerai metnce o7

arccass caiculation including the lethal rave ccnc2at. The generzi

methed of sterilization procass c2lculation will be damonstratad So™hn

by grashical and numerical metnccs.

a2

A thermal death time curve wiTa 2 0(126°%) of ten minutes ang 2
z-value of 109C is snown in Figura Il.!. As an inTtrcgucTica 7C The

cerarzl methcd Table 1.1 is to be ccmoieTes using gavz frem Ficura Li.l.

Tanls 11.1

~

<1l Times, Xili Times Seiavive =0 (20°C, and Latnal Ravas
1

Seiavive o 123°C for tne z-value Curve Zat2 ia Figura ll.1,

-
=4

F{120°C) of Ten MinuTes 2nc a z-VYalue of IC°C

P (2) (3 (3)
(Felative
(X1l Time) Kill Time) (LaThal Rave)
T, °C £, Mi F/F F o /F.
v, °C —, Min. rT/ 120 IZO/ |
122 10 L 1
1o L00 19 0.1
130 1 0.1 10
0.01
1co 1000 ~__1oa _
115 31 3.1 7,322
23 7.8

12 9 2.128
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ne sTerilizaticn value (F) of a heaT orocess is customarily +he
ecuivalent time 2T 2 base or reference temderature. In the fooc¢ srocess-
ing indusTry it is usually ecuivaient minuTes at 23C°F. [ f a z-vaiye
of I8°F is used, the sterilization value at 250°F is calied The F -value.
The subscript (o) indicates that the temperature is 250°F and ?heoz-value
is 18°F. Since +he United States' scientific community is commitied to
rove tc the metric system, the development and scme of the examplies in
this secticn are using 3all metric units. In sarts of this section we
2re using 2s our reference base the temperature of 120°C and icentifying
+the sterilization value for this reference base as"\} (When unspecifiec,
z = |C0°C.)

Suring Tne last fifTy vears many scientTisTs have worked To ceveicp
imaroved metncces cf caiculating the lethaliTy of hear processes. Mevhoes
caveicoed incluce: the "General Method" graphically (Sigeiow et ai.,
1629) and numerically (Fatashnik, 1953); "Formula Methods" (3all, 192Z,
1¢29. Ball and Qlsen, 1957); "Ncmoeram Methce" (Clson and Stevens, [333);
ang "Comsyter Methed” (Sasseen, I959). The "Tzneral Metned," in IT3
original grashiczi-usz fcrm, was ladoricus; nence, the ceveicoment o7
cThor meTnecs. In These ZeveicomenTs accuracy of The method andg 22se 2n¢

-

s%¢iciency in a2plicaticn nave teen tne chbiacTives anc iT mas usu2ii/ aCT

npe acvent of *the cigiTai zz=miuTer

-
t

sessinie 7o zETisfy Rcth recuirements.

mares possible wicer use cf The "General Mevtnce.”

SVELCPMENT OF THE LZTHAL RATZ TONCEPY

Petermining The sterilizaticn value cf 2 heav proca2ss in Terms of The
ecuivalent +ime at a reference temceraturs, for axample [20°C, weans
acding up The sterilization value a7 eacn Temserature. The use ¢f Tne
_lethal rate concepT m2kes iT possible _to _c¢oc this in 2 Jirect wey.

The summing uo cf the lethal effects at different Temoeravures

~ecuires a semperavTure c2efficient mocel. We will use +ne mccel o7
Siceiow eT 2, (I1S29). 17 is shcwn in Zzneral 2cuaTicn 7S 2€ilw:
lez (7)) = /2 (T - 7) = les FA(T )
= rzf = raf
21¢ in ite more useful ar-angamenT felow:
- - P
s =y iz ) Tegy =2
T/ ;
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The Bigelcw mce2l is shocwn in grzchical form for an F(12G°C) rafersace
value of ten minutes and 2 z-value of IC°C in Figurz Il.I.

Theegrach in Figura Il.! relatas *he starifiziag value, 5, wiTn
temmeratura. 38y definiticn, The time-vemzeratura condiTicns af all scinTs
cn the line orcduce the same micrcoial kill, 2l+tncugn The F-value «ill

| of Taple [l.1. All
= [20°C, z = 10°C)

All poinaTs en the line ars therafora F minutes at T°C,

vary widely with tempera7turz as sncwn in Column
scints cn the line ar2 equivaleat 0 an Fcovalue (T

of tan minutes.

ecuivalent fo an F-vaive of Ten minutes a* [20°C.
The nexT part of.This caevelccmenTt will be carried cuT on 2 gererai

~asis wiTh symoois ratner Than «ith acrual vamgeratura conditicns.

The z-vaicve graon relates time 2nd Temoeravurs

fer an equal micrzgial ill.

Tne "kill +tima™ {(Ccolumn 2, Taczie [l.1) is F{7); units

are "minurTas av T."

The Trhermal ce2Tn Time Jr ThersTal rasisTanc2 curva is 2 sTraicnt line

is claT=ae vs. Terceravyra, Tne line 1S 2ET23iiSneq

e sigoe ang 3 dcinaT on tne {ine. The Z-vai.ae is usag as

3nc 2n F-vajge aT 3 rafarangs TamierzaTurs,

The sicoe fungTricn, T o=
) T sicoe’
;:Trer)' as The ccinT ca The line.
S*arilizarica arscessas ars 3asad on *he "kill time”
ar a specifiec refaranc2 Tamzeravturs (Tref;'
The "kill +ime™ at The rafersnce ramgerarturs is F(7r=f)'
In Column 3 of Tanie [1.] 2rs listac +tne r2iative %ill vTimes cor-

raszsnling *O the ta2mperatures in Column |. Trese 3are <erTariined Sv

dividing The xill times at TesT *temcerarturs, F(T)} (in Column 2), By
xill Time at the reference tamperatura, F(Tr°f).
The kill +ime, F{T), at temceratura 7 is ZeTerminaz
frem the z-vajue graon.
NexT, e zararmine The raiative kill Time:
AT . . minytas ar 7
— , STated in units, — s 37
Fol ) minyTes 2T | .
raf ref
“ne values of rafative xill time 2are a1 func=icn zcniy cf The z-value
Sf the Tmermal death time {Fevai.e) or therral rasistance (C-value) zurve.
Curves ™aT nave The s2me Z-vaive will have the same relative ill tirce

valuss.
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Tne procegure of zoing from "kill time" =tz

~

"relative kill time" has tnhe effect cf
shifting the z-vaiue curve To wher2 it Dasses

tnrcugn the point F(T ) = 1.0.
= ref

The units of relative kill time are (minutes at T)/(minutes at+ T f).
- re
We can otserve a2t this point that the reciprocal of the relative kill

+ime will nave units of (minutes at Tref)/(minufes at T); this is a
rate expressed in terms of the chosen reference Temperature.
F(T)

FT__ 0

Tne reciprocal of the relative kiil time is +he
.

Relative kill time is

rate of micrchial kill ar any vTa2moerzrurs (T)

expressed in terms of Tr

ef’
\ .
F('re"' min at | ot
F(T), min a+ ¢ ’
The rezisracal of Tme m2lative kii! Time which is Tne ~zT2 +that is

veeg In all sterilizaticn crocess calculaticns is called +he ileThal rate

and is icentified by Tne symzol "L."
F(v__ 3
. - s . rat
ne rate cf micrchial kill isg

-

Y

rFiT)
ang is callec the iethal rave (L). «_

)

The z-value scuaticn is:

FT ) (T -7 )z
| =T = 10

— F(T

~ence, The lethal rave, L, is 10

The lethal rate is unique in That aiThougn we develcped it using
r-values, +he lethal rate is a function only of |) the difference bdetTween
+ne arccuct Temperature (T) and tne reference TemperaTure (Tref) and 2) the
z-value. The orocuct of +tne lethal rate .and the time at Temcerature 7
is Tne xill Time {ecuivalenTt minutes) at +he rafarance *empera<ure.

Tee kill *ime a+ the re‘srence TamseraTure
is sbv2in2¢ By mulTiplying *ne referance

Temser2Turg-c2sed rate Dy The 24fective time,

FiT L)
e 0t
———— X [ g = Id ] .
V) = reé
noes 'rot . - .
_ X min 27 = min aTvt o .
|
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We nave now sncCwn in 3 ceneral way now we <an calculave The kill time
at the raference Temperarture THhaT is equivalent TO process Tirkes ar other
temperatures. We will now go frcm the general soluticn T0 using specific
refersnce temgceraturas anc z-values. The generally agreed-on rerarancs
temperatures for the English system of units is 250°F, z = 18°F and fcr
the mefric system of units, 120°C and 10°C.

We TAMNew insert referance tamserarturas and

z-values into cur ceneral eguarticas.

.. - \J . -
Mat+ric Svstem of Units

= ° = or
T os = 120°C, z = 10°C.
Therefors, F(T__.) = 7 _.
! ref <
FUI20°C) | "= 4T - 120°00/16°C
F(T) )
(T - 12C°23/1C0°C

]
(@]

Lathal raTta, L,=

Taclish Svstam of iUni*s

T . = 25Q0°F, z = [897,
raf

Therafore, r\'ref) = rc.

F(250°F) _ o (T - 250°F)/)8°F
— S —=== |0 .
F(T) FOV)

(T - 235°Fi/18°F

Lethal rare, L, = 10"’ .

Sinca lethal rates for any specific refarence Temgerartura (Tref) ars
a functicn oniy of the z-value and Tre pr=duct temoerz2Tur2, taoles of
iethal rates for a specific z-value for a range of drcquct temperaTuras
can Je prapared¢. Three lethal Te rtables are inclucad in this sacTicn;
for the £aglish sysTem a lethal rata table with a refersnce temoerature
of 25G°F and a z-value of 18°F s shown in Taole 11.2. For mevric system
use, 2 tanle of |ethal ratas with a rsfcrznca terserature of [21.11°C

with a z-value of I10°C is shcwn in Taple 1.3

In using the general methcd we are invarestad in the overzl| effect

wnere The procucst is at mora Than Cne TerzeraTtur? during The porocess.
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vasts 11.3
acie of Lavtnal Partes L) for a Refarance erature of 121.11°C 2n2

. - . . -~
a z-lalue of I0°C. L = Minuras a7t 12i.11°C per Minui2 avT 7o

aeG 0 .1 .2 .1 6 .5 8 .7 .2 .S

sa «CO1 .00! .001 .001 301 .QC1L .001L .C01 «0C1L «G01
Q! .0C1 .0C1 .QC1 .00 «301 .001 .301 .0C1 001 .Q01
a2 .001 «001 .001 001 001 .C0O1 «0Q1 001 001 .002
Q1 002 «.0G2 .Qn2 <002 + 302 .02 002 .QC2 302 002

3 .0C2 .002 002 .002 .Q02 002 .QC2 . 002 .202 .3Q2

e5 .C02 202 «C03 203 .Q003 2QC3 003 .Qc3 + 003 .33
96 0N2 .N012 .003 .001 «0013 «003 «0C4 «CCo S04 «C04
7 201 «.30¢ 00> .0C% .00¢ .Q0% «3C4 «CC5 « 025 .05
q8 .0Q¢ «GrS .035 ' .005 .005 .0805 .0Cs .0C8 «3N6 .308%
Ga .005 «N06 .008& « 007 «C07 207 .007 «GC7 «C37 «GCa

100 «0072 .00%2 .00¢8 .Q08 .00°2 009 «N09 .0C9 <009 <010
1C1 10 .01C .Q10 «L12 011 Q11 «011 .C1l1 .012 012
102 0’12 «3J12 Q013 0313 -Q’.z «Qle -01‘ .014% .0135 -315

143 Q153 Q15 .Qls «N17 «J17 Q17 .218 3L 319 Q19
1ce 2153 «32C .Q2"7 021 .21 022 32?2 .323 «023 324
1ees 224 2% o374 .Q25% 227 JC2T «C2:2 .C2¢ « 025 « 238
17% 21 o232 032 «J13 »G3- o35 «333 «335 «337 «313
107 .313 040 «061 . 042 043 oJ65 .0653 . 355 « Q&7 .C&%
1cs «263 050 .CS1 .N52 354 «3¢5 «35% 357 .059 « 353
102 &2 «CA3 LS «J8¢E «357 639 <371 072 «37% 275
| ) 077 .N79 0] .023 085 .087 .C89 391 «393 «268
11t 397 100 102 106 107 199 .112 115 <117 e126
112 .122 128 .12% «121 J12% .138 161 J1e6 142 151
113 156 193 o182 156 1566 173 177 132 «134 139
1= J185 +13% 226 208 213 218 «2213 229 235 « 235
115 265 251 254 252 o253 27 «271 228 294 301
11~ ,2C° I R 322 «330 «333 346 356 « 382 «371 <179
17 302 «1c7 ] oel5 425 «%395 e205 620 o507 77
112 + %20 «500 .12 523 536 56E «$51 «57¢ <587 +5C1
11s A1% <629 hek .£59 h74 .49C «706 722 « 739 757

123 77 o782 211 « 220 +369 + 8488 .889 910 «931 353
121 «975 «M07  1.8721 1.064 1,06 1.086 1,119 1,165 1.172 1.159
122 1.227 1.29 1.295 1.315 1.366 1,377 1.6G9 1,442 1.47% 1.510
122 1,545 1,581 1.A12 1.655 L1le694 1,723 1,776 1.8l 1.257 1,901
126 1,842 1,650 2,017 2.0fe 2,133 2,122 2,233 2.29% 2.3392 2.163

125 2.623 2,50k 2,356 2,626 2.5°5 2,767 2.311 2.377 Z.946 12.212
1?26 3,792 3.,1% 3,272 3,30 13,190 3,659 31,5319 3,822 2.7%4 3.792
127 2,821 2,971 4,253 6,152 4,255 4,256 4,656 5,559 4,506 4,774
1722 4,205 &,38¢0 €,114 $,235 5,357 5.682 S£.609 S5.7¢3 £.274 4.010
129 6,150 A.2¢6 +#,640 6.550 A,7644 £.901 7,082 7.226 7.29¢ 7.567

119 7,743 7,321 9,108 2,297 3,530 9,409 2,390 5,367 9,308 9,525
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To calecuylat+a the Fo-value +thart rasuylT3 anen 2

praduct is at TI°F fcor T ain + TZ°F e 72 nin

and T.°F for v. min:

[L(Tl) x fJ‘P[L(TZ) X 1'2]+(_L(T3) x ‘.'3]= For

8all and Olson (1957), cn po. 184~189, verify analytically the
additive properties of parvial sterility concitions at differaat temger-

atures. The student is direcred +o this referance for a mcre ccmelsts

treatmnent of this subject.
CETE2MINING THE F-VALUE OF A STERILIZATICN PRCCz3:

Time-Tamserature gata . MusST be
macde availacle as a poresaquisite To The analyTical avaluaticn cf a near
sverilizaticn srcgess. dJdnc2 thesa dafé ara availanle, The F-value of
Tne sTeriiizaticn srocass can Ce cevarmined recargless of The heaving
saTrarn o Tne conTainar,

Cenvertiorally «e are interasTad in Thne sterilizarticn vaive av
Thne slcwes™ heavting zcne of +he ccnTairer, i.e., ThatT zZcone in The

ccnTainer That raceives Tthe smallesT F-vaive. The slcwesT hearing
$he TusT e .ccated celors The Time~-Temperaturs data gaTnering sroc-
285 can pegin.

Temperatuyras musT Se measurad atv small time intarvais sc Thavt a
clear pictura ¢cf the neating and ccoling pattern is availat’'e. The
frraquency at winich temperature measyrermenTs ar2 mace during 2 TesT TO
za2ther vime-tamgerature data deoends cn The rav2 of tha nhearing of The
procuct in the container wnich, in fura, is a functicn cf carTainer
size and the viscosity of the product in the czntainer. The Temceratuyra
measurement intarval will vary «ith *the neaving ra2T2 anc shculd ze
selectad so That an adequate numier of Vvime-Tamterature me2surements
are collecrted. Prccasly 20 davta soints are the minimum necassary 79
adequatsly cescrite the heating 2nd cceling paTtrern and vo

calguiats the F-vaiye of the sterilizarion 2rccass.
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THE GEMERAL METHCO GRAFHICALL

Iln This procecura The stari

izing valtue (F) of tTne nes2t Jrcez=ss 13
g

Qbtained using 2 gracnical intagraticn tectnigue TO scive The general

F(T ., 2) = LJ[ +.
ref

In our example prodolem we will use [20°C as +he raferancs Tamparatura.

eguavion:

The procecur2 is as follows: letnal rates ara plotTvaec cn the vy axis o°
10 x 10 or 20 x 20 lines-ser-incn graon pager 2s a funcTicn of Time in
minutes cn the x axis. Since the lethal rave, L, is minutes art 127°C
ser minute 2t T plotted vs. time in minuTes at T, +he arsa2 yncar The
curve is ninutes ar 120°C. The arsa uncer the curve is measurad in

-

({1}

scuarz incnes using a planimeTar., 7O ConiverT The squara incn araa ung

v
<

The curve T minutes at 120°C an area conversicn facTar is cevelcced
2eTermining the F_of 2n ar2a2 of cre scuars iacn cf The Zracn. The
sguars iacn ac’ac;nr TO Tne cogrzirfaTe Isrc is This giTsiasT ar22a Toowerk
with; Tne orocucT Oof The letnal mav2 ore inch Lo The v axis 2n2 Time zons
inch *o the righT cn The x axis is minuTes aT 120°C cer scuare inga oF
3ra2cn; The orocuct ¢f this f2¢Tor and the arsa yncsr The curve in s3uars
incnes is minutas ar 120°C.

The general method lethal rars graon illusTrates at 2 glance Tne
~2iaTtive micrcoial kill ocwer of tne aifferzatT 2erticas of Tha neart arccass:
it gramatically points out *the imoor¥ance of the las+t minutes tSefora
cccling starts 2nd The ineffectiveness of The “irstT faw minurTes af~ar

-
T23M 2.

wi

In Table ll.é 2re lisTed The time-TemceraTura heating J2T2 ‘zr Tre
slcwes™ heating zcne in a conTiiner of progucT. Thesa 2a2T2, 2icCrc «i TS
the carrasacnging lethal ratas, 2rs shown in Tasie [1.5. The leTnaj
rates were cotained from Taple 1.4, In Figure 11,2 ar2 sncwn The leThai
.rarte cata in Taple 1.6 ploctrad to make 2 lethal r=2ta2 gr2on; The z2rasz,
Teasuracd using 3 planimever, is 11.3 square incres. The arsa cconversicn
factor of tne graosn is .0 (min at 120°C)/(square incn); tne minuTes arv

120°C ara 11,0 x 1.0 = 11.0 minutT2s.
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Table 11.6

Calculating *he LethaliTy of a Heat Sterilizaticn Frocess

Using the Method of Fatashnik

Time Temperature Lathal RaTe
(Min.) (°C) (Min. at 120/Min. at 7)
4 £3.3 0.Cco0
S ¢z.3 0.002
6 101.1 G.01
7 1058.7 0.047
8 113.6 0.115
g 113.3 0.214
10 112.3 0.339
Il 11€.9 0.430
12 11801 £.646
i3 i158.6 0.776
1 15.48 Q.871
s 120.0 1.9C0
18 120.32 1.072
17 125.6 .14
13 122.7 1.172
19 122.8 1.2G2
<3 123.¢ 1.230
21 118.3 C.57€
z2 $5.7 £.3C5
3 78.7 0.300

11.021,
I x 11.C21,
11.3 Min,

Sum of leThai rav

rag
F(120°C, 1G°C) = &t x (Z of lernal ratas)

nnow
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THT GEMESAL MITHIT MUMERICALLY (NCHMICHANIZES

The principles of the zenerai m27Thce ouTlinec 200v2 2r2 Tne same
racarzlass of the ccmoutational procsgura. The numeric2!l c¢omoutaticnai
orccecura eliminates ploTTing tne lethel rat2 3jraon ang me2ssritg Tne arez
undar Tne curve,

Mathematicians have develcoed saveral methods far finding tne area
of an irragular gecmerric figura; Two methads, the Tracezoidal Rule and
Simosan's Rule, wiil be descrited here as possible methcds for evaluating
+he areaz uncar *he lethal rare curve. In boTth of these orocsadures iT is
necssszry to divide *the arsa uncer avaiuvation oy scually-soaczq derallel

.

corss; the lengTh of The ¢sris 3are YO' Yl' Y2' . o Yn.

Syrington (194Q) start2s vhat, in generzl, Simeson's Rule is more
sc=yraTa than the Tranezoidzl Sule; however, lethai rate 3rashs are

-

~ajatively simcle zacrmetr

¢ figures TnatT usuaily c2n 2e mac2 To sTarT

ang =2ng 2T 23r3 3nd have 2 sTr2aignT line sase, sO Trhe diffarzncs in
The Two meThcés is ncT graarT.

Simesan’s Rule for an o@ld numzer of Y values is wriTTen mathematicaily as:

Arza = T/3(Y _#4Y IV 4V 5. =IY  _S4Y  SY O
o} $ 2 P n=2 a=1i n
The Tracezoidal Rule for deTtarmining arsa is writTen mathematic2ily as:
Arza = tUY_#Y )/24Y S S LRY T
““o'n 12 n=1-

Patzsonik (1953) descrites the evaluarticn of Thermal grccassas v
The Trascezcidal Rule. In ceTermining tne F-vaiue of a sterilizaticn
prccaess The length of The cord is the lethal rate (L), 2and The distanca

coris will be the time, d, SeTween succ2ssive Temceratura

LS
®© o
-+
3
0
©®
po |

easurements. The area under the curve is 2GuivalentT minutes at +the

-
w

fearance temperature uysed in determining The lethal rates. rFatasnnik

ps |

A ¢
e}

TS CuT That in evaluating *the usual neat prccess Tne catz includad
in Trne anaiysis may te sziscT2d s5C thne values of The first and lastT

QinTs, Yo and Yn' are z2rz, simplifying the Trasezcical Ruie aguaticn To:
Ars2 = (Y #Y_. . .¥Y ).

in tarms of lerthal ratas Tre

F(T g¢) = QLT LT LT+ L L
Tea results cf 2valuaTiag *tne nearting 22t2 in Tasle 1.5 aumerically
ssing The Trasezoical Aule 2r2 shcwn in Tatie (), 5 In This 2xamCle,
22 [ ,l =i~; Te@raczra, -2 TIiI7°C, IC°T)-.2i.2 i35 cne Times “te 3.7

24 "2 Taem2 -3t2g,
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If the Patashnik matncsg is 70

[
1]

usz2 to ceTermine Tne stvarilizatier
valye of a pgorvicn of a stzrilizaticen prcoceess, for axamoia, tne initTial
15 minuTes of The prcocass anaiyzac in Tecle 1.7, then we mustT uss the
casic irasezcid Pule eguaticn as sicen telcw:
L) LT
FIT ) =d |—— + LT+ UT,) + UTg) .. L L )+ —T

'ref : n-i —Z
The I5-minute tamperaTturs wcuid be T

. Therefore, cnly haif of the

L(Tn) value will be added. The F(120°C, 10°C) fcr tne_first {5 minuTes

(Exarale Taclie 11.7) is calculatad selow:

Sum L(T) from'd tnrcugn 14 aminutes = 3.515.
L(T) for IS minutes = 1.CC, %‘-’- = 0.500.
Sum cf The lethal rate = 4.013.

S0120°C, 10°C) = d x I of lathal rate Il x 4.313 = 4.0 minuTes.

THE GENZRAL METHCD 8Y CCrPUTER COR FRCGRAMMAZLE CALZULATCR

3ocTh the gigital comouTar anc arcgracmazis caiculaTer 2re ic2ally
suitec for carrying cut sTerilizaTicn value caiculaticons. Their 23biliTy
TO Quickly caiculat2 lethal rates anz t0 sum The leThal ratas using
a2iTner The tra2cezsidal cr Simcscn's -uie maxes Thne IrIcass Jirscy 2nc
efficienT.

Availaple at the UniversiTy of Minnesct is 2n inTaracTive comoutar
sracram writtan in Ffortran that «ill calculata the ezuivalent svarilizing
value (F ar tne cesirad pdase Tamzara2tura ang Z-value) of a heart steriii-
z2tion precess. Sterilization vaives for saver2] z-values can be obrained
at the sare Time. This program is called FVALRHK and is lisTted in Table
11.8.

He have caiculateg Tne Fc-value for The Zarta in Tanle [].5 using
+he FYALR=K prcgram.  The result is an Fc-value ct 11.J minutes w~nich is
in agreement with cur 2ariier c2iculataed values. 7The intaracTive
comsuTer arintout, inclucing 2272 inguT 3nd C272 JUTZUT, IS sACwn in

Tacle 11.9.







