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ABSTRAli 3

During the month of July 1984 the expert was at theCentro de 
Tecnologia de Enbalagem de Alimentos (CETEA) as a consultant on Food 
Processing and Packaging. During this mission a short internal course 
was given to about 25 participants from ITAL.

The past and present work program of the New Processing 
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 suggestions were offered.

During this mission a few pilot plant and laboratory 
experimentáis, concerning heat processing 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 is given in this report. It is recommended to continue efforts 
of training staff externally and internally by bringing in experts 
and carrying out long term 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

2in Campinas includes about 23000m of buildings located on an area
2 .of about 100.000m .

The packaging area was established as a separate section 
early in the creation of ITAL and received further priority 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 rapidelv 
expanding packaging and food industry in Brasil. Fur thermore, -i t 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 by the 
Government of the State of Sao Paulo, the Federal Brazilian Governaent 
via F1NEP and EMBRAPA and 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 65% of all metal 
packages, 60% of plastics, 40% of paper and paper board and 75% of 
glass were 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 systems become more important in Brasil. These is a great 
need for new, better and more efficient packaging systems as well as 
trained personnel and research and development facilities. It 
is 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 is divided into four sections:

a) Plastics and paper

b) Metal and glass

c) Analytical

d) New processing technologies and packaging systems.

The UN/Brasil Food Packaging Center Project (BRA/82/Q3Q) 
was initiated in 1982 for a duration of 5 years. The investment in 
this project includes $1,512 million plus 476.535 million cruzeiros 
contributed by the Brazilian Covepnraent via EM3RAPA and the Interane 
rican Development Bank Cooperation Program. The project's aims are to 
up grade physical plant facilities, equipment and human resources 
needed to improve service to the Food Packaging industry.

3. Objectives of Mission

The objectives of this mission were discussed in writing 
several months ago and finalized after arrival in discussion with 
Mr. Luis Fernando Ceribelli Madi, the Project Coordinator and with 
Mr. Sylvio Alves Ortiz, head of the new Processing Technologies and 
Packaging Systems Group. The main objectives were:

1) Give a shortinterna1 short Course on "Processing and Packaging of 
Foods - Evaluation of different technologies;

2. Review and appraise the work program of the N'ew Processing 
Technologies and Packaging Systems Group;

3. Plan new long term studies with above group;

4. Assist personnel of Center in processing of different products and 
solve processing and packaging problems;

5. Visit industries with aim to identify problems related to food 
packaging;



needed.6. Review requirements for additional equipment

7. Prepare report surooerizing findings and make recommendations for 
future action.
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DESCRIPTION OF WORK

A - GENERAL

This was the expert’s third visit to the Packaging Group in ITAL 
and most certainly great improvements could be noted from the previous 
missions in 1975 andt 1976. The Packaging Center is now located in a 
modern 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 has 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 uell as abroad in up to-date techniques in the packaging 
field. One of the objectives o f this mission was also to add to the 
training of the staff and up-date their Vnow-how in problems related 
to Food Preservation and Packaging.

- SHORT COURSE

A short course of about 22 hours entitled

"Processing and Packaging of Foods - Evaluation of different 
Technologies".

was given during this mission. The course was attended by 25 participants 
from ITAL as well as a few outsiders. (See Annex I) During the lectures 
discussion was encouraged and active participation of the participants 
took place.

The outline of the course was as follows:

1. Introduction - Gbjactives of courre. Activities in Focd Engineering 
and Biotechnology at Tech;.ion in Haifa, Israel.



2. Preservation of Foods by Heat - Basic principles of heat transfer, 
calculation of Thermal Death Times and Process Times by several 
methods. A partial summary of this part is given in Annex II.

3) Sterilizing Equipment - existing new and potential future methods.

4) Aseptic Packaging of Foods - A critical review of aseptic svstems and their 
potential applications their advantages and disadvantages. Methods 
for sterilizng packaging 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.

5) 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 analysed. All quality 
control aspects relating to packaging materials as well as filling, 
sealing and processing were thouroughly discussed.

6) 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 meats and fish were discussed.

7) Other Packaging Systems - These include the Bag in 3ox systems, 
carton packages, composite cans, etc.

8) Shelf-life of Foods - A brief analysis how to approach the 
evaluation of shelf-life of various foods was offered.

8



; ir..-; or past a nd p re se n t v;ork programs o f new p ro ce s si n g SYSTEM;
GROUP

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 tpain 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 OAS, 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 perscnnell 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 introduced 
to Brasil. One of the main obstacles seems to be the lack of a 
suitable local packaging material. Therefore at present materials 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 ineiudeddesigning and building 
locally a retort for sterilizing pouches. The retort was installed 
and tested and is functioning properly. In addition filling, sealing, 
vacuum sealing equipment was ordered and installed. Furthemore quality 
control equipment was obtained and staff is now trained to operate all
equipuent/carry out heat penetration studies and calculate process 
times to obtain safe products. Tests for defects including leak test 
and 310 TEST were set up.
At the same time samples of products were prepared and formulations 
suitable for pouches were obtained.



asc) Shelf-life studies with traditional foods like tomato products, 
well as with typical Brasilian products like beans with or without 
meat were carried out. The bean product was succesful and this is a 
product which requires a lot of heating in the home,it seems to have 
good market potential. The tomato products were less succesfuli 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 found to be short (about 
2 months) at ambient temperatures .

In addition to the Retort Pouch project several other small 
projects are being carried out in the group including!
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 penetration with 
Eilab termocouples was learned.

The objective of this study is to evaluate these types 
of packages made from local materials for:

1) Meals for airlines in non sealed containers cooked and kept refrig£ 
rated untill use.

2) Prepare acid food in these 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 lor industry.

Eased on above analyses the writer feels that the 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 ac its disposal most of the equipment needed to carry out projects 
in this field. It is therefore reconmended to use this capacity for 
some long tern in depth studies related to new processing system as will 
be outlined in more detail further on.



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 small 2cm^ disks, for
corrosion - polarization studies.

Use of electrochemical measurements for external corrosion
s tudies.

Use of flexible films for modified atmosphere packaging oi 
fresh produce as well as meat or fish.

D - ASSIS7EWCI IN’ PROCESSING OF DIFFERENT 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 
included following color changes by measuring extent of browning
spectrophotometrica1ly and trying to evaluate texture by means 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. Since Ellab Systems Fo values only integrate from 1109C these values 
were found lower than calculated values which take into account also 
the 1009 to 1109C range. It was suggested to order a part for the Ellab 
to enable integration beginning from 1009C.

c) Use of different types of thermocouples .

Ellao thermocouples are reliable but very expensive. Thetefore 
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 cencer. Several ways were locked into and 
further study in thus line is recommended. Special 30 gauge wire 
should be ordered soon.



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, 821366 
Telex 166433 - CPEX - BR.
Person contacted’: Mrs. Elizabeth S. Steger, Manager^ Technical

Research Division.

This plant .is one of the biggest, if not the biggest orange 
concentrate producer in the world. They process abou 2,250.000 tons of 
oranges annually. Their main product is frozen concentrated orange juice 
(FC0J) with orange oil and dried peel pellets as by products. Main 
shipping system is bulk tank farms, trucks, boat and receiving tank 
farms on other side of ocean. Part of product i_Qn (about 30%) is still 
in polyethylene lined steel drums . Thus they have no packaging problems 
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 Krobath, Technical Manager.

This is a large very modern manufacturer of a large variety 
of plastic films and laminates.

Most films are based on local materials including adhesives, 
which create occais i ona 1 ly quality problems. They produce films by 
lamination, coextrusion and also have vaccum metallizing facilities.
Plant 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 appli cations.
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3) SADIA - Frigobras, Companhia Brasileira de Friogificos 
Rua Fortunato Ferraz 365, Caixa Postal 6558 
05093 - Sao Pau^.o, S.P. - Brasil 
Phone (Oil) 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 equipment 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.

F - FUTURE WORK PLANS

As mentioneed before the staff of CETEA is well trained and 
has good facilities and at its dispos al to carry out many 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 control 
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 interest 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 opportunity 
to study towards Doctorate degrees so that they can assume leadership 
roles in the organization. In the meantime experts from outside should 
be invited for periodiv review of programs, as well as for in-house 
training.

The proposed long term projects are:



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 atmosphere 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-life studies - kinetics of detericration.reations.

1) Heat transfer study of flexible pouches.

Objectives:- Study heat transfer , calculate process times and the 
effect on quality of foods packed in pouches.

Parameters of Study:

- 2 pouch sizes - retail and 1kg 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 penetration;
- 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 ) On product

Color, texture, browning, degradation of specific component like Vit 
in fruits, or Vitamini 5(, in low acid products or model solutions.

Part of this study could also be used to test different 
products or develop new formulation for products for the army, etc.

No te: Due to the fact that, except for Japan, the retail size Retort 
Pouch has 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 20 liter pouches 
for the fast-food market in the U.S.. Other examples exist. Therefore, 
some of the efforts should be given for obtaining data on hot-fillinz 
and cooling systems for pouches and obtain cooling methods.i.e water 
dip, sprays and agitation during cooling.

2) Aseptic Packaging

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 acid can be 
expected in the future. So far this method is limited to essentially 
liquid, i.e pumpable products. Several companies are working on 
equipments to process aseptically products with particles. One such 
systems was described in the short course. It is therefore this 
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 them 
available local ly.

Ob j e c tive: To set up infrastructure for aseptically packaging foods
and use it for studies on several products.

S tudv Stages:

a) Study present state-of-the-art from scientific and comercial 
1 i teracure.
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b) Sec up equipment for trials including:

- aseptic laminar flow cabinet
- build tubular heat exchanger for ir-line heating and cooling

c) 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 at different concentrations;

- ultra violet radiation;

In all cases tests should include different times , temperatures , 
concentrations and combinations of these.

After completion of preliminary tests,a test microorganism 
iike 3acillus utilis shouls be used. In all cases tests must be 
carried out for microbiol sterility as well as possible adverse effects 
cn packaging materials.

d) Carry out tests with food products, and/or model solutions, using 
glass or cans as controls. Shelf-life studies using a t least three temperatures 
(159, 259 and 359C) s:.ouid be carried out.

Initially all foods in these studies should be acid foods. At 
a much later stage, the heat processing equipment of the "Martin-Dole’’ 
aseptic system existing in ITAL could be used to fill asepticallv 
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 heat and eat dishes etc. One method of extending shelf- 
life of foods, without using chemical preservatives/is chrought the use 
of gases iike carbon dioxide or nitrogen usually coupled with refriceratio 
The application of this method requires use of special perm selective 
plastic films, i.e films which have specially needed permabi l ities to 
C0o, N, as well as water vapor. Furthermore good knowledge about 
pnvsiolocical changes taking place in "fresh" products is needed.
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In general it can be said Chat this method can double shelf-life at 
sane tenperature as compared to storage life of same product with out 
aodified atmosphere.

One potential application discussed during this mission was 
to slow down spoilage of fresh neat by a combination of sanitizing 
treatments and packaging so as to prevent spoilage during 24 - 43 hours 
even at ambient tenperatures. Since neat is an expensive product it 
certainly can bear the extra cost of packaging materials especially if 
these also reduce loss of weight.

Objective: Evaluate feasibility of using flexible films for modified
atmosphere packaging of fresh products.

Test Stages

a) Study present state of the arc ia this field and iock for potential 
applications in 3rasii;

b) Test p ermeab i 1 i t i es to CO.,, N, and WVTR of a variety of local and 
imported f i 1ms;

c) Carry out shelf-life studies with fresh produce at refrigerated 
(39C) as well a higher temperatures (159 and 239C) .

4) Effect of handling on perfonance of flexible packages

In the past most efforts were given to setting up processing 
anc quality control procedures for filling, sealing and sterilizing 
pouches. As a continuation of these studies it is now recommended to 
evaluate perfonance of pouches to simulated transportation and marketing 
cond i t i ons.

Objectives: Study performance of packaging naterialsof thermally 
processed foods subjected ofsimu1 aced marketing conditions.

Test stages

a) Select and characterize three different packaging materials. It is 
recommended that locally manufactured as well as imported materials 
be chosen.
Standard methods of evaluation including thickness, lamination strength, 
iio.u seaiir.; conditions. burs strench: etc. will be used.



b) Prepare and process pouches with culture media.

c) Subject pouches to simulated transport 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 quantifying visual defects, like flex 
cracks, etc.

5) Evaluation of locally produced materials

The policy of Brasil is to minimize 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 
materials. For example improper application of adhesives or printing 
solvents can have adverse effects on packed products.

Objective: Evaluate characteristics and performance of locally produced 
таекaging materials.

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 similar 
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) Jet up procedures for packaging foods in semi ’■igid aluminum packs 
and test packs with different products.
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6) Svi elf-life ¿tjcies

Quality assurance of new processing and packaeing svstens 
must include predictions of shelf-life in commercial marketing channels 
In order to enable these predictions data on changes during storage 
must 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. l»’hi 1 e 
literature values are available it is very important to set up proper 
procedures to obcaih data locally for products and under conditions 
existing in Brasil. Availability of such data will enable future shelf- 
life prediction based on accelerated tests and thus shorten the time 
needed to obtain the orediction.

Obj ectives:

Obtain data to predict shelf-life of locally produced
products.

Stuav staees

a) Select a range of products and determine the critical parameter or 
parameters which govern their shelf-life.

b) Evaluate changes of above parameters at at least 3 - 5  temperatures.

c) Obtain reaction races, Q ^  values, as well as energies of activation 
so as to define the permissable range of accelerated temperature
cond i t ions.

G . Requirements for additional equipment

The facilities of CETEA are well organiced, all equipment 
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 acquired as soon as possible.

1. A laminar flow hood for aseptic work. The hood should be big enouch 
so as co enable filling as well as sealing operations to be carriec out 
under it.

Potential supplies available in 3rasil in Campinas 
Cost estimate i 2000 S 300C
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2) Pouch filling machine for liquid products

Single Piston filler with adjustable ranee from 100 to 250 ml 
Potential supplier. Simple Filler Corp, 3490 Investment B^ud 
Hayward, CA 94545. U.S.A.
Cost estimate $ 5000 - $ 10,000

3) Positive sanitary pump with variable speed drive 
Mono or Waukesha type
Capacity 200 to 1000 ml/min
Suppliers Netch Germany or Moyno U.S.A.
Cost estimate S 1000

4) Tubular heat exchanger

4 tubes (1,5 m length each) and shell 
Design sketch for local manufacture was given

5) Polvstyrene cup heat sealer 
Made locally
Cost estimate $ 1000

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

400 Bayview Ave
Amity Ville, New York 11701
U.S.A.

Cost estimate $ 4000 - $ 5000

7) Thermocouple wire - Copper Constantan 
30 gauge - At least - 100 ft
Supplier Omega Engineering Inc., 3ox 4047

Stamford, Conn. 06907, U.S.A.
Cost estimate $ 100

8) Change part for Ellab recorder to enable process time integration 
from 1009C.
Supplier Ellab, Copenhagen, Denmark 
Coat estimate $ 100



21
In addition it is recommended to adapt retort for work with 

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

Furthermore it is recommenced to install 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'.raining staff at all levels locally and abroad. Encourage 
staff to obtain advanced degrees in different areas and in different places.

3. Start as soon as possible long term applied research project with the aim to 
deepen knowledge in new fields. New projects recommended are:

a) Heat transfer studies into flexible pouches in different sizes usins 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 1

Participants in shorl course on "Processarr.ento e 
mentos - Avaliaçâo de Diferentes Tecnologías”

balagem de Ali-

Claire Isabel Grígoli de Luca Sarantopoulos 
Lea Mari za de Oliyeira 
Assis Eurébio Garcia 
Sylvio Alves Ortiz
Maria do Patrocinio Silvestre Villas-Boas 
Wagner Moi
Christianne de Vasconcelos Affonso
Eli Espinoza Atencia
Pedro Francisco Moreira
Gislene Capovilla
Jane Barbutti
Roberto Lopes Xavier
Edna Hiroko Takemura
Nelson Hiroshi Maruyama
Marisa Padula
Eloísa Elena Correa Garcia
Gina Maria Bueno Quirino
Maria Angelica Venega
Walkiria Hanada Viotto
Sidney lanelli Junior
Paulo César Simel
Pilar de Massanguer
Ioanis A. Sarantopoulos
Nilson Monteiro Silvestre
Denise Calil P. Jardim
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A N N E X  II

PRES6RVATI0N OF FOODS BY HEAT

DEFINITION OF TERMS AND METHODS FOR CALCULATING PROCESS TIMCS

An understanding o f the language, term inology, ano _/nbo!ism Is  

r.ecessaryto d if fe re n t ia te  the many facets of m icrob io logy, s t a t i s t i c s ,  

and engineering in the s t e r i l i z a t io n  area. I t  i s  a lso  necessary to 

uncerstand the marhematicaI re la t io n sh ip s  th a t form the b a sis  fo r  an 

a n a ly t ic a l treatment of the s t e r i l iz a t io n  p rocess. Mathematical re la ­

t io n sh ip s  are used both in developing concepts and la te r  in a n a ly t ic a l ly  

ceterminir.g tne s t e r i l i s i n g  value o r in de sign ing  s t e r i l iz a t io n  c y c le s  

fo r  the production of s t e r i l e  products. Mathematical re la t io n sh ip s  c ften  

help to  c la r i f y  t h is  otherw ise  ratner ccr.pl icated and involved area of 

science.

Much of the progress In the s t e r i l iz a t io n  o f food and drug products 

using heat and ether forms of energy has peer. brought acout by an uncei—  

standing of tne process in mathematical terms which in turn r.as mace 

c c s s ib le  the ana lytica l’ design  and evaluation of s fe r i i I ra tion  p rocesses.

Terminology and ecuatiens important in the thermal destruction  of 

r. icroorcan i sms and in heat penetration a n a ly s is  are oescrioed zeiew. An 

acditio.nal l i s t  of terms and ce fi n it  Ions used In tne environmental and 

s t e r i l iz a t io n  m icrob io logy area are at the end of Section 20.

Temperature

Thermal destruction  o f m icroorcanisms deals wirh temperature e f fe c t s ,  

consequently, temperature is  important; the symbol T w ill be used tnrouchcu 

to ind icate  temperature. Su b sc r ip ts  applied to the T are used to dencTe 
s z e c if ic  temperature con d it io n s such as:

T is  temperature m a t  is  chancing with rime (decrees A or 2) t

T is  the in i t i a l  temperature (decrees r o r C) , 
o

T i s  heating medium Temperature (cecrees F o r C ),

T„ is  cco lin c  medium Temperature (cecrees r or C ) .z
A more complete l i s t  of temperature terms is  shown in Tezle l.
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Tapis I

Sympols and D e fin it io n s  of Temperature Terris

Term Oef in it io n

Temperature T is  a continuous temperature va r iab le . To 

Id en t ify  sp e c if ic  temperatures, su b sc rip ts  

are added. Unsubscriptad i t  re fe rs  to  product 

o r  conta iner temperature.

In i t ia l  product The temperature o f  the product a t  the beginning

temperature of the process. I t  i s  u su a lly  measured In toe. 

slow est heating zone o f the con ta ine r, in 

neat senerretion  ca lcu la t ion s, T is• w
measured wnen t  = 0. Idea lly, the temperaturen
of the product snculd be uniform throughout tr.e

.— n-a i.ner »t  -  = Q. since a temperature variant: - h

may a ffe c t the j -v a lu e -

Heating tedium The temperature o f  the medium in which the

tc.. r w. - * ~ conta iners are heated.

Coo 1 l r.g med i urn The temperature c f  tr.e medium in which the

temperature conta iners are cooled.

Intercept of f it te d The intercept at r g = 0 of the extension of t.-e

s t ra ia h t  line  to lin e  f it te d  to the lo g - lin e a r  portion  c f  the

f i r s t  heating curve heating curve.

Steam-off product The temperature o f the product a t t  *  t g .

temperature

Intercapt of s t r a ig h t  The temperature interceot value at t  *  t g of the

lin e  f i tted to extension of the line  fitted  to the Ic c - lin e a r

coo ling  curve portion of the coo lin g  curve.
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Time

Time Is  the second important element in heat resistance studies. Time 

is  usually measured^ln minutes. We shall-be  dealing with time both on a 

practical or clock basis and time on a theoretical basis. The symbol Ct) 

will be used to  indicate rime that con be measured with a clock. Appropriate 

subscripts wi l l  be used with the symbol (t) to Indicate particu lar time 

measurements. The symbol ( t . )  wi l l  be used to denote the total heatinon *
time of a heat destruction test; the total heating time Is  measured starting  

from the time the container or un it I s  placed In the heating medium and is  

exposed to the heating temperature, be I t  retort or autoclave, and ending at 

the end cf the heating period when the container or unit contacts the cooling 

medium.

Other time terms are shown in Table 2. Time re lationsh ips during a 

sream ste r iliz a t io n  process are shown In Figure I.

The Survivor Curve

The m icrob ia l su rv ivo r  curve re la te s  the m icrob ia l p o su la t icn  and heating 

time. The symbol N i s  used to  ind ica te  m icrob ia l popu la tion  in numpers cf 

organisms. S p e c if ic  terms used are:

N , the in i t ia l  population in nurnoer of organisms per tuoe, via!,  
c

can, o r  other un it and

the population in number of organisms per tube, via l ,  can, or 

c tfe r  unit afTer heating time 'J.

The heating time lij. tnet is  used with the number of organism s to locate- 

a point on the su r v iv o r  curve i s  the equ iva len t time th a t  the organism 

was subject to  tne  heating medium temperature. The slope  o f the su rv iv o r  

curve is  an important un it; the O -value is  a measure of the  slope  and is  

defined as:

D̂ ., the thermal re sistance  va lue  In  minutes a t  temperature T, 

the time to reduce a m icrob ia l population by 9C5 at T.

"o r  example:

me

C.,B0,p. * the thermal resistance value in minutes aT 25C°F, the time 
to reduce a micrcpial population Py SC5 at 250#F. 

jumper of organises, N, per tupe, vial, car., or ether unit after
nee* ¡me 'J_, car. pe ca lcu la te s  using t ie

I oc N * * loc N
U . * " o

i
ICC NC log nl,

or D_
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9 a « «0 9 IDO
TVm  (aanutBl

* :9'jre i: Ti.*e-Tem3er3T’jr2 =sl aricnsn.iz s in rns reno.—r on
A i i T C i s v g  j ' j n r .~o 2 5 T r  2.~i S r e r i ! i z s r . ' c n  r r o C 3 S 3 .

Taole 2

i ’.n ;c i5 2no 2efir.:~:cns : : r  Tire Msasurec 37 me Ciccx

Sv-ccl »ni ♦»*cn

an

3atl i M r i r .g  r i  me

Cone-mo Time of 

m e r e t o r t  o r  

autoclave

neoreserrs  rea l  rime g e n e r a l iv  in minutes

r e a r in g  rsne usee in c a l c u l a t i n g  s~tr-, 1 i cat ion  

orocesses :v  m e  - e n e s  o f  s a i l  t i 922 J

Tine measured from *rea<~-on ( r  * 31 un*i > m e  

re r o r r  o r  a u ro c ia v e  reacnas  m e  des ign  o o e r e r m ;  

tarroerature

Total Hearing time The rime measured iro n  steam-on (< * j:

Process rime

Meeting curve 

Intersection tin

'_ig correction 

♦actor

Stte«m-9ff
The c rocess  t im e, sc re r im e s  c a l l e d  cve i i  r. 're.

I s  measured s t a r r i n g  «nen m e  -e ro r r  or autoc lave  

reacres m e  o o e -a t l n g  v r i n f - r e  r * 3 : 

sTea"*-aif
The time measured from Sail  ’'earing time ram 

( t g  ■ 0) to m e  in te rse ct io n  of me f i r j r  an. 

second s r r a ig n r  l in e s  of rne o'o«en n e a ri -c  

curves

'  convenient fa cto r  used In resistance studio

to co rre ct  fo r  tne lag In nearing ana cooling l t ( ■
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Ecu I valent Time

In s tu d ie s  of thermal re s istance  and In s t e r i l i z a t io n  process desicr, and 

evaluation, we w ill  be using an equ iva len t time value referenced to a par­

t ic u la r  tem perature. In dealing w ith the heat de stru c tion  of m icroorcanisns 

in real systems o r s t e r i l iz a t io n  p rocesses there w ill  always be measurable 

heating and coo lin g  lacs. The eau iva len t time a t a reference temperature is  

determined m athem atically. The temperature h is to ry  o f the heat treatment of 

an object Inc lude s a heating and coo lin g  period and u su a l ly  a hold ing period 

at temperature Tj; the ana ly tica l treatment eva luates the heating and cool Inc 

period u su a lly  in  terms of the ho ld ing  temperature. The re su lt  Is  the time 

that, as fa r  as heat a ffe c t is  concerned, the object under te s t  was a t  the 

temperature ind icated by the su b sc r ip t  of the term. V a rio u s  names are used 

to designate t h i s  time: tneoretica! time, integrated tim e, o r equivalent

time. The fo llo w in g  symcois are a l l  u n its  of ecu iva ien t time: U„, D_, andI I
Fjl these te rn s  w ill each be defined in the fo llow ing  d isc u s s io n  and are 

shewn in Table 2.



3 t e r i I iz a t io n  M icrobiology and Ste r i  I ¡za t ion  Process Terns

I erm

Index of microoial 
destruction, .rea su red 
as time

S te r il iza tio n  process 
equivalent rime

S te r il iza tio n  process 
equivalent time

Steri Iization process 
eauiva lent rime aT 
I2G°C, z of IC°C

3 u r  v i vc r  curve 
ir.rercecT ratio

i r2T®

In it ia l  numoer of 
microorganisms per 
unit

Mumper of micro­
organisms per unit 
after stress

Semilogari thmic 
grapn regression 
line y-interceot

Equivalent time at 
heating medium 
temperature

Spore leg 
recucticn

Temoerature deoenc- 
arce factor, 
-easured in degrees

Cefi n i rion

The time required at a temoerature, T , to reduce a 
saecific  microbial pooulation by 90 percent. I t  
is the negative reciorocal of the slope of the line 
f itte d  to the graph of the lecarithm of the numoer 
of survivors vs. rime. For the 0-va!ue to be 
meaningful, the semi logarithmic survivor curve 
must approximate a s tra ig h t  lin e .

The equivalent time at temoerature, T^, delivered to a 
container o r  unit of product for the purpose of 
s t e r i I iz a t ic n ,  calculated using a specific vaiue of z.

The number of equivalent minutes at T  = 250°F 
delivered to a container o r  un it  of producr 
calculated using a z-value of I8°F Cor at  T  = 121.I°C 
with a z-value of I0°C).

As we move to metric notation, i t  is suggested that 
I20°C be the reference temoerature. The s te r i l iz a t io n  
vaiue calculated with I20°C as the reference temoer- 
eture ana with a z of I0°C would be indicated'bv 
the svmocl, F_.

The ~atio of me iccarithm of me y -in te rcs s "  ot 
the regression line for tne survivor data divided 
by the logarithm of the in i t ia l  number of micro­
organisms in the unneated control: !R = leg Ny^/lcg N

The lema! rate Is ms rate cf cestructlcr. at 
temoerature, T ,  expressed in terms of tne reference 
temoerature, 7rs #. The actual units of the lethal 
ra te , L, are: minutes at the reference temoerature
per minutes at temoerature, T .

The in it ia l  numoer of viable microorganisms per unit. 
Th is  is sometimes called the bicourcen.

The number of viable microorganisms per u n it  that 
survive a heat procass of U min. at Tj c r  of ? min. 
a t  temoerature, T .

The zero-time intercact of the regression line fitted  
to survivor data in a semi logarithmic survive'" curve 
format.

T he equivalent ti,re at me hea r i n g  medium ‘ a n 's r j r u~ - ,  
T j ,  provided by the heat process calculated using a 
specified z-va:ua.

The numoer of- log cvcles of score oestruction in a 
s te r i I iz a t ic n  process. Y„ * leg M3 -  log M_.
Temoerature coefficient of microbial destruction ( z ; . 
The numoer o ' degrees of temoerature change recassarv 
to ca.se the ' ,  3, or 3-value to cr.angs by a ■ 3 c" or
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Heating Curve Terminology

The heating curve is  norm ally developed by p lo t t in g  the locarithm  

of the d iffe rence  berween the heating medium remperarure and The product 

o r  object temperature vs. tim e. Tne logarithm  o f the temperature d i f ­

ference function is  p lo tted  on the y -a x is  and time on the x -a x is .  When 

e ith e r  heating o r coo lin g  data fo r  conduction heating o r  coo lin g  cbjecTs 

are p lo tted  in th is  manner, i t  should be p o s s ib le  to  draw a s t r a ig h t  lin e  

asymptote to  the heating cu rve . The ecuaticn  fo r  t h is  s t r a ig h t  l in e  

asymptote is :

pe rcsn r. G raph ica lly , i f  is  the time fo r  the heating o r  coo lin g  curve re

.loc (T. -  T) + log j  CT, -  7o )

We r.ave prev iously  d iscu ssed  the fa c t  th a t  T re fe rs  to  temperarure and That

t re fe rs  to time. Tne Term,f , i s  a measure of tne slope  of the heatinah -

The Ir.TercsoT func*ion anc i s  c a ic u larec usina  T 7 , ,  and the s r r a i g n r - i i n e

zero-time inrercepT value in T.ne ec-atior.a

n
c
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S IM ILAR IT IES IN THE TREATKEiJT OF EXPONENTIAL RE LATI OMSK I PS 

IN THE HEAT STERILIZATION AREA

in lea rn ing , understanding, and remember:ng new inform ation, tne 

a b i l it y  to a sso c ia te  tne new inform ation w ith inform ation tnat the 

ind iv idua l a lready  knows increases the rate  of lea rn ing . I t  is  e a s ie r  

to understand, 2ccspt, and rememoeг new knowledge if  + h is  inform ation 

f i t s  into an a lready  e stab lished  thought pattern.

In the m icrob io logy  and eng ineering  o f  s t e r i l i z a t io n  processes area, 

we ceal wirr. th ree  exoonential func tion s tn a t we descriD e  craoh ica l ly as: 

tne sem ilocarithm ic m icrobial su rv iv o r  curve, tne semi logarithm ic  

z-vaiue o r temperature c o e f f ic ie n t  curve, and tne semi loga rithm ic  heatinc 

or coo ling  curve. In t re a t in g  tnese three pnencmena *e  are con sisten t 

in tnat we w il l  use parameters tnat are s im ila r  In d e f in it io n  fo r 

s im ila r  measures of a l l  tnree exponential func tion s, anc secondly, _ 

in *ne t ra n s ie n t  heat t ra n s fe r  area »e wi l l  arrange the craon or. the pace 

so as temperature increases with time tne cur/e moves in an upward 

d irection  and wren c o d in g  takes d a c e  wnere the тетоегатиге decreases 

wirr. t ir e  tne curve wi l l  move downward. Tnese tnree cxocr.ential functions 

are i l lu s t ra t e c  or. page 29 .

Tr.e mathematician wr.o is  at note witn r.urcers, as we are with cur 

laboratory organism s, wants p u r ity  o f numbers and fundamental re la t io n -  

sn ip s. The movement of the lin e  on tne grapn nas no pn ysica l meaning 

to tne mathematician -  on ly the change in numerical D a s is ;  therefore , 

he may view our procedures as oeing jncrtncdcx m athem atically even tnoucn 

they contain no inaccuracies. We be lieve that having crapns wnere tne 

flow of m e graph is  in tne same d ire c t ion  as tr.e flow o f the va riab le  

is  more com fortable to m e ml c r e d o  le g is t  o r engineer m an  having tne 

l ine on tne craon move in a d ire c t io n  opposite to  tne way we would

norma 1 iy pares i ve tbe va r iao le  to  cnance. In tne second pI ace, tne

use of a d x -v a l u s , rr.e crance in m e  x -ax is  var iab le  ter tne ! i r.a о
«•*■«•** to traverse c*e loo cycle  on m e >-ax i s , g ives  t-.g mi croc ic lc

or er.g i nger a fee! * 0 •** m i s  va r iab le  since a dx-value fo r a one 1 eg

cvcle cnar.ga nas -ea! physical meaning

T - P



curve with

F-V4lu« Imlmileil



ï ï

Ntiilibef ül turvlvod p*r Itti unii

П ¡j

¿  3
S 3
3 -
á *>
» oa» »2 Я

2 íз —
« ь ft

•I - •

1 : -•• d л

3 Í
(I l

X E*-  a

2 Ï
i = 
: í3 2.
i Ì

ft I)

’-Ï “ 2
2 f>

2 3

. ?

â Ì
И  f t

c 9

ï s
i*>u •

3
и
2 Д 5*22

г sз t ¿
c e.

2
V  “■

i ?S 8

г n S

ti C

i 3
l  34« (.- •>3 •«35 ô.

* • -

i*Э
■8
Э

3
as

w  -  ft

•: l Il Cl ('i :

Os»

5 i

î

3



32

We w i l l  develop a simple expression f o r  m e  death o f microcrcanisms 

using Tne mass a c t io n  laws.

We are in rere sted  in k i l l i n g  microorganisms and in m e  numper that  

die Put we are more interested ir. tne number of microorganisms that  

survive. We w i l l  use tne symbol, N, to  ind icate  the number o f  v ia b le  

(surv iv ing)  organism s in our samole.

Consioer th a t  as a smartins po int we have a I arse  number (o f  thei * "
order of ICE5) b a c te r ia !  spores per re s t  u n it .  Tne seath of eacn score  

wi I i occur wnen a s in g ie  molecuie in m e  spore cegraces or  becomes 

inactivated. There is  or.iy one of rnsse  moiecuies per spore and i t  is  

me same molecule in each spore. Degrading o f tne s in g le  molecuie 

resu lts  in death (the in a b i l i t y  to c u t s  row ar.c reorocuce) of m e  sDore.

The degradation  reaction of This molecuie fo l low s  the laws of 

m et ica l  k in e t ic s .  Tne mange in tne numper of v ia b le  socres  w im  rime 

Is  a function of the number of v :abie spores presenr and can he wrimen  

in mathematical terms as fo llow s.

Dnce navinc expressec the number of su rv ivo rs  in equation form, we 

car. rearrange tne ecuation into d i f fe r e n t ia l  equation form and integrate  

m e d if fe re n t ia l  ecuaricn.

/ V  =  — K i  +  o
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We сап new eva luate  r~e сегз~г".7 Г л тле есиз~: on aecve using тле

boundary cond it ion s  w.nicrare: ат г Ire ое'-о fr.e miercoia! score o c c u ia f ic

is  N o r  s ines we nave -ha есизг-сп In ic o a r i r o n ic  rem  -e w i l l  Ie~
о

cur consranr ecuai tre r.ar-.rai !c: - r  'i ( In  N ). We can row in serr  m i s
о c

value and deveicp roe f in a l  aouarlon.

/ /  =

ar r
* /" ■

У Л / —  / / —

■ / f é ~ C

о ,  Л / = ¿ / в

. * 7  / V

We new n a v e  о e v e : c c

s o r * /  i v e r s  w i l l  c e c - a a  « a

Ln  N v s .  T i r e ,  « e -cu i d

u -1
.

СУ i c c  f u n c t i o n V S .  ЭП

l o c a r 1 t r o i e  c r a o n з г е  c u

c u r v e r e c e  i .

a r : ~r~~

о- -.ni on savs rne nuncer о:

1 ' 3/*

n.-.er. i г we о ! or СП 3 С ПЗС Г!

пт lire . We nave а дгзег.

. 7h i s is  called a sani -

e serri ioда г : torn i с su rv ì ver
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ANALYTICAL TREATMENT OF MICROBIAL DESTRUCTION DATA USING

RAHM'S LOGARITHMIC ORDER OF DEATH MODEL

A p ra c t ic a l  sys~em fo r  T re a t ing  m ic rcb ia f  d e st ru c t io n  cats  must be 

i c t iv e lv  s i  mole in concept and in use. Natural louarithm ics  ( lo c a -  

-rf.ris to  the base e) are r e a d i ly  understood by the mathematician; 

«ever, cecimal logarithms o r  Icgar itnm s to  the base 10 are eas ie r  

r tne nonmatnematiciar. to  understand and use. Therefore, we w i l l  

nverr the Ra.nn semi lo ga r ith m ic  su rv iv o r  curve model th a t  we have 

ev icu siv  developed from logarithm s to  the base e t o  logarithms to  the 

se i C . To* s imp I i fy the operation  we w i l l  rece fine  k to  be k/2.5C2.

/ r ? N = ~ K i  + y „ / V
o

y ?  A / = - 2 . 3 0 3  K t  

e .  3 0 3 k

A / =  ~ s i { A  A /

w i l l  r.a*e a further s imo i i f ic a t io n  by re p la c in g  the reaction rate  

s~ant, k, with m e C-vaiue.

_________ A / “  / /
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DEFINITIONS OF "STE.RI LE" AND "STEP.l L IZE"  

ANO PRACTICAL IMPLICATIONS

S t e r i l e . F r e '  o f  l i v in g  o rg a n ise s .  5 ~ e r i l i r e . Any process, onyslcai 

o r  cnemical, which w i l l  Gesrrcy a l l  fe rns  o f  l i f e ,  app lied  « spec ie ! iy  fc  

microorganisms, in c lu d in g  ba c te r ia l  and mold scores, ar.a The inact ivat ion  

of v iru se s -  The te rn s  " s t e r i l e , "  " s t e r i l i z e , "  ana " s r e r i I •z a r ic n "  in a 

b a c te r io lo g ic a l  sense rear  the essence c r  cestrueric.n c f a l l  v iab le  micro­

organisms. These re m s  are nor r e la t i v e  -  "hey are ac so lu re ;  an i ram cr  

•unit is e irne r  s t e r i l e  o r  i t  i s  net s t e r i l e !

The aea-h o f organisms cf a microp i a I ccouI a t ion  subjected to neat, 

rad ia t ion ,  o r  cnem icals u su a l ly  orcceeas as a geometric o re g -e s s ie n . 

Therefore, i t  i s  c n lv  wirn an in f i n i t e  treatment that  one can be a ssc iu te lv  

sure m a t  ai ! m icrccrgenism s nave been k i l le d  arc rre re fe re  a i i un its

5 T2 5 T5 rl
Increas ing  the s t e r i l i z a t i o n  process u sua ily  r e su lt s  in recucec pro­

duct c u a i i t y ,  a i s o  added expense. Therefore, i t  is  suggested tna~ for 

control purposes m e  orccuct be accepted as peine s t e r i l e  wnen m e proca- 

p i l l f y  o f  a no r.sfe r lle  u n it  fs s u f f i c i e n t l y  low end that  the ncr.steriie  

hazard is  nor la r g e r  than c tner  e x i s t in g  hazards a ssoc ia ted  with m e use 

of fn is  prccuct o r  in everyday l i v in g .

A kerkino Addrcacn :e c ! f ic a t io n s  fe r  S t e r i l i z a t io n  Processes

In m e  p n am a ce u t ica I  in cu stry ,  to c a l l  an item s t e r i l e ,  we stcu ld  be 

as I e то c e r t i f y  1 hat cn a s t a t i s t i c a l  O as is ,  based on p rocess ing  cond it ions,  

fewer than one u n i t  in one m i l l i o n  u n i t s  i s  net s t e r i le .  The orcoaoilir,-  

of a n o n sre r i le  u n i t  (PNSLU there fore  should be le ss  than 10

f o r  nenpatnecenic cor*am ination of canned f c c c s , The same FNSU level 

of less than io ”° aocears r e a l i s t i c .

where the pathogen C lo str id ium  bctullnum is  a nesarp, m e  s t e r i l i ­

zation process should oe cesicned so fewer man cne conta.ner in une 

b i l l i o n  conta ine rs  w i l l  have a v ia b le  Clostridium, petut Inum organ ism 'a fter  

t ie  con ta ine r s  have received me design  s t e r i I i z a r io n  process. This is 

a p rccac i I i  ty of a nonsre r i le  un it  (?NSL) of less ~*an 10 ^ .
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C'SC’JSSION CF A rRCCL'CT UNIT AS 7i-E 5.-3 

CALCULATING THE CESiC-N г -VALLE

In our d e f in it io n  of the terms " s t e r i l e , ” " s t e r i l i z e , "  or ' s “= ' ' : : z :  

we agree that these terms are  not r e la t i v e  our are acsolu-*e. An Iran, or 

u n it  i s  s i t n e r  s t e r i l e  o r  i t  i s  лет s t e r i l e .  S ince  rhe ceam. o f a micro; 

cocu la t icn  subjected to пеат, r a d ia t io n ,  o r.chem ica ls  orccsecs as a t v - - 

of cecmetric orocress i cn , o n ly  an i n f in i t e  treatment к !! !  orecuce -re  

aoso iu ta  condition of, s t e r iI i ту.
We reconcile  these two d ive rge n t  cond it ion s  oy saying m e -  we w ii;  

accept for commercial use a procuct that  is  s t e r i l e  i f  tn.e p r c o a o i i i f /  о : 

m e u n it  being n c n ste r i le  i s  very low. I t  is ge n e ra l ly  agreed m a t  fo r  

onamacautioa i oroducts te ra in a  I !v s t e r i l i z e d  as o a r -  of tr.e tan u г a c t o r : : 

process there should be fewer m an  one n c n s te r i le  u n it  in one t ' i i . ' o r  or. 

im e  o r o o a o i l i t /  of a rooste r ;  le u n i- ,  rN3L:, sr.coio oe .ass an L ”i. 

~ne fcco i г о -■: r  r , , for m e  oatr.cgen C i o s t r i о i _m o o to l i r o t .  m ere  s 'o o io  :

■ a~er man one unit contain ing Clcstrlpiorn dctoiiro.t 

~ ■ < !G~r}.m'lCw
In th is  d iscu ss ion  we have a lready alluded to our po int of view, ; or 

is to s te r i  i i ze products so th a t  the f in a l  p r c c a b i l i t y  o f t.iorodiai s o - w a  

is  cn the bas is  c f  a u n it  o f  product.

Making the s t a r i 1! iza t io n  procac i I i fy  CANS Li)

product means that we con s id e r  the i n i f i a l  microo

product and reduce i f to a p re b a b i1i fy  o f  ¡0 in re case or zro

The sate  prcoacMi'hy w i l l  e x i s t  whether we t a lk  aocut a or.e-ni atooie  of 

product c r  a one-1 i t e r  S e t t le  c f  product.

Using a rather improbable a n a ly s i s ,  we can snow m e v a r ia t io n  in t n ; • 

accroach to s t e r i l i z a t i o n  process  design : le t  us assure m a t  or i r o i / m . ;

consumes two l i t e r s  or a product th a t  is  a v a i la b le  in bet- o.-.e-ri at.ouies

:cth i nЯ r\f* i n one-ii  te r

one- 1 i ter bo tt le s

I0~5 then in con
■m Г'' f* • wwuc t  mere wi 1

73m i na СГ *cr. s

cons-med or u t i l iz e d  t.re contents  c f  2,000 or.e-ml amouies, re

Y tt
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2,000 uniTS wi+n each u n it  having a PNSU of 10 . The r e s u l t in g  o ve ra l l

p ro b a b il i ty  of o b ta in in g  a ccntamirated o r  n c n s te r i le  un it  w i l l  be two 

in 1,000.

Anctner aoproacn i s  to assume tr.at the f in a l  product should have a

p ro b a b il i ty  of n o n s te r i le  o f one in one m i l l i o n  (10 or. the b a s i s  of

each ml o f  product. T h is  i s  ideal for  one-ml ampules where tne p ro b a b i l i t y

of a n onste r i le  u n i t  i s  one in one m i l l i o n .  However, in a 1,000 ml b o tt le

cf procuct we w i l l  have 1,000 mis, each ml w ith  a p ro b a b i l i t y  c f  n o n ste r i le

of 10 which y ie ld s  a PNSU c f  10 ^ fo r  the 1,000 ml b o t t le  c f  product.

Th is  l ine  o f th in k in g  and procedure would be acceptable fo r  the small u n it

but i t  would not be acceptable for the la rge  u n it .

Se tt in g  tne s ran carc s  or. m e  b a s is  o f  the large u n it ,  fo r  example,

s t a t in g  tnat the p r o b a b i l i t y  w i l l  be th a t  you can have only one n o n s te r i le

( l i t e r  o f b o t t le  ô f  product) in one m i l l io n  l i t e r s ,  w i l l  mean tn a t  the

microbial concentrat ion  can be only one organism  in one m i l l i o n  l i t e r s .
o -g

Th is  is ecu i va Ien t  to  one organism ir !C' ml o r  1C '  organisms Per ml.

This  wculc rear, m a t  tne p rc o a p i l i ty  m a t  woulc be usee fo r  tne one-m;
^ g "O

ampule would be 10 , compared to  1C fo r  tne one-1 i te r  bo tt le .

tow sneuid we reso lve  m i s  problem? Any system that  i s  go ing to oe 

usabie must ee s u f f i c i e n t l y  s i te  is  to be workable! I t  seers to  me m e t  

we w il l  be better e f f  using a s in g le  p r o b a b i l i t y  (?NSU < 10 “ ) on tne 

b a s is  of the u n it  o f  product man to  try  to use a p re o a b i i i t y  on tne 

o a s is  of su rv iv o r s  per weignt o r  volume of procuct. To use a p r c p a b i i i t v  

level on tne b a s i s  of a un it  of weignt o r  volume reçu ires  seme tnougnt ar.c 

cec is ion  as to wnether we cesign  on tne b a s is  of tne la r g e s t - s ic e c  container  

and have a constant raTe, whicn w i l l  put a la rg e r  s t e r i I i r a t i  on .factor on 

tne small volumes, or p o ss ib ly  using seme type of s l i c i n g  sca ie .  Tne use 

of a s l i d in g  sca le  again  gets us involved in tne s i z e  c f  a consumption unit.

I have a lso  e lim inated  the Idea that we can desicn or. the o a s is  o f  -ne

sm a lle st  container volume because t h i s  w i l l  g ive  a hicner p ro b a b i l i t y  of 

a contaminated u n it  in the larger volumes, whicn w i l l  probabiy be 

unaccebtaole. A f ixed  s t e r i l i z a t i o n  cycle, suen as tne use c f  12D or 

sore other s im i la r  amount, w i l l  cive a v a r ia t io n  in the f in a l  p ro b a b i l i t y

* “CHS^Sr" ¡6, ; ne ~z or, ?ne s ' z s  of t-6 ! ner.
*5 s-»r • * a * ; f Î —: i —v z ■ one zzC  3 .
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IO (one n c n sre r i le  u n ir  wnen cc -3 :r . ir :  one m i l l io n  u n ir s i  end m a r  r.-.e 

re ia r iv e  usage rare is  m e  un ir  (m e  s ize  or m e  conrainer ¡5 p roo crr icn a ;  

to m e re la r i  ve usage r a r e ) . men we can r a r io n a l iz e  m a r  s re r i  I i ze~icn  

processes snculd be designed on m e o a s is  o f  rne u n it  o f  producr and tna~ 

m e prosaci Ii ty  o f  a n o n s re r i ie  u n it  (?.*)SU) snout'd be 1C T h is  aporoecn 

dees nor soive a l l  prob lens; however, i t  w i l l  0 rev ice uniform r e i i a o i l i r y  

on the un it  b a s i s ,  which I be lieve is  cesi nab !e and o ra c t ic a l  f o r  m e  

manuracrure r , tne regu la to ry  agenrs, and a l s o  fo r  rne consumer.
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TEMPERATURE COEFFICIENT MODELS

In our orevicus d isc u s s io n  of the sem ilogarithm ic  su rv iv o r  curve i t  

«as ooinred out th a t  m icroD ia l destruct ion  te s t s  are c a r r ie d  out a t  a 

s o e c i f ic  tencerature. The data that are generated, in c lud in g  the 0-value,  

are a l l  s o e c i f ic  fo r  the p a r t ic u la r  te s t  temperature. To use m icrobia l  

destruction  data e f f e c t i v e l y  we must be ab le  to ad just  C -va iue s  from 

the te s t  temoerature to  other temoeratures o f in terest.

There ars^a number o f  reasons why we need a temperature c o e f f ic ie n t  

model to be abie to  convert- C-values o r  F -va lue s  a t  one temoerature to 

0— or F-vaiues at ancmner temperature. Some of m e  impcrrant reasons 

are: 15 i t  is c e s ira b ie  and e f f ic ie n t  to  taxe aavantage of the s t e r i l i ­

zation value m a r  accrues as a orcauct approaches heating medium temper­

ature, i .e . ,  to be able to in tegrate  s t e r i l i z a t i o n  va lues over a range 

of temperatures, 25 in p ra c t ic a l  terms we are a 1 wavs in need o f 0 -  or 

F-values at otner temperatures than m e  one tr.ct racber.es to be stub iec

in the laboratory, and 35 many times, the heating svstem is such that  i t

is  easiier to te st at a tsmeerature c lose  to the cesired 1level rather than

t rv i r. c to be exact iv a-t m e cesired temperature.

In the heat s t e r i l i z a t i o n  area the 5<celcw temberature c c e f f ic ie n t

mccel is wice I у used and, in my 03 i n i cr., affores tr.e necessary а г - м  m- э  /—

a i ore with suserp convenience. Tr.e 5?cel1cw mcce1 is emp1rica l in natu

out we should not let tnat c i s t ract from it s  uti i ¡ту. We wi l l ci 5CUSS

5 ice lew mocel at  seme ¡engtn and w ill use i t  ex tens ive ly ,  we w i l l  a lso  

d iscu ss  the Armen i us model.

~ -em a  I Pesistar.ee Curve

The thermal re s is tance  curve for  a mi prcorcan i sm is  m e  curve that

re la te s  the D-value at several temperatures. Thermal re s is tance curves

are u sua lly assumed to be s t r a ig h t  l in e s  over narrow temperature Г2ГCSS;

m e s tra ig h t ■ l i re  m ,er— al 

л :

res istance  curve is bescribed bv — e ec

1 cc DT = — IT , -  T5 -  Icc D_r a* 0 г
re r

z. -
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z is tne renoe mature слайде necessary fo r  0(7, z) o r  F (7 ,  z ) tc  

change by a fac to r  o f  ran.

Thermal Ceam T ire  Curve
- - У - ■ ■

The thermal death time curve d i f f e r s  frcm tne tnermal re s is tance

c-T/e  in that  a thermal re s is tance  curve is ,  oy d e f in i t io n ,  the time a t

a range cf temceratures to destroy 5C2 o f rne organisms, wnersas the

tnermal death time curve is  the time a t  a range of temperatures to produce

some given level o f  s t e r i l i z a t i o n  e f fe c t .  The terms 0(7, z)  and FCT, z)

are elated in th a t  F(T, z) = Y OCT, z ) , where V i s  s a la c te c  to  previce
n r.

a civen cecree o f  cesVructicn  o r  p re se rva t ion .  The term, Y , is  tne ~ n
numcsr of legs o f  recucticn  o f  the a a c te r ia l  pecu lation  and i s  sometimes

referred to as the socre  icc recucticn (Y i s  tne score Icc recucticn (SL3.);
л

Y = !cc N -  leg N). Tne se le c t io n  o f  Y i s  semewnat academic s ines  
n - о • n

m e value cf F(T, z) is  u sua lly  based on p r i o r  p rocess ing  experience.

The acuaticn  o f  tne tnermal death time curve is :

j-og rT (T -- T) -  Icc  F_ rer

( IethaI ra"a

he ecuamcn o f  the tnermai death time curve in exponential 

rrangement) is :

Г С П

?  (Tref z) 
. F ( I ,  Z)

10
(T -  T ,)/z  

rer

~r s j. •5 -5C°F anc z is  !5°F, m e  equation is :

о _ ,„C7 -  250°F)/I5°F
Г°ТТ - Ю'41, lO.'J

r^ is  tne acreed-cn sympoI to represent a s t a r i I i c a t i c n  value at 250°F 

with a z-vaiue o f I8°F.

The Armen i us ycdel

The Arrhenius model re la te s  the react ion  rate, k, from the ba s ic  

tnermal destruct ion  equation,

In N = - k t  t  In N , o'
with tamperarura; hewever, in the Arrhenius equation, the reaction  ra~e,

*, is re I atec ~o ao so lu re  temperature.

Tne oas ic  Arrhenius mccei i s  snewn as fo llow s.
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*

'

_  A T

R7k = Ae

Tne inregrared form o f m e  mece I is :

log k. -  log k = T ! ~ 7

C2.3G3R T T )/E

where

k *  the s p e c i f i c  reaction  t ine  (time” *);

A -  a constant known as the frecuency f a c to r  (time *);  

e = 2.7IS2S and is  the Naperian natural logarithm case; 

E = ac t iva r ion  energy ( c a lo r ie ) ;

R "  gas constant, I.S865 Ca I/ (°C  mole); 2nd 

T = absolure remperarure °K.

(E, R,« and T must be in s e l f - c c n s i s r e n r  u n i t s . )

An Arrhenius graph is  oreoarea by o ie t t in g the I ocari mm c f  t;ne

react ion rare, k, which is  tne reci orocai cf D, vs. tne recio ro ca i c f  rne

acscl ute tercerarure. r i r s t  e rre r reacricn race cara w i l i  procues a
s tra  i gh t  line; the s i  cae of t h i s  I i r.e is E/R.
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d e t e r m in i n g  z - v a l u e :

I .  J. P f lu g  and Theron E. Cdlauc

The c a lc u la t io n  o f  the 2- va lue  i s  based on exoerimental data th a t

may come from e i th e r  o f  two types o f  experiments: I )  experiments ca r r ie d

out to  determine thermal death times ( IDT) a t  d i f fe r e n t  temperatures o r

2) experiments c a r r ie d  ou t  t o  determine D -va lues a t  d i f fe r e n t  temperatures.

Below, we w i l l  b r i e f l y  d is c u s s  how 2-v a iu e s  are determined from data

developed in these  two ways.
«

2- Value from End-Po in t Data

The z -va lue  i s  determined d i r e c t l y  from TDT data. The TDT cara are 

obtained oy t e s t in g  a minimum o f  f i v e  re p l ica te  u n its  a t  f iv e  o r  s ix  

F-va lues, each a t  tnree o r  four temperatures. A la rce  number of re p l ic a te  

u n its ,  ncmooeneous regard ing  inoculum and product, are reauired. Tne 

m icrobial inoculum can be e i tn e r 'r n e  natural product m ic ro f lc ra  o r  

Iaooratcry -prccucec scores.  The F -va lue s  are se lected  so tn a t  growth 

in seme o f tne r e p l ic a t e s  is  c e r ta in  a t  tne sh o rte s t  F-value wftn no 

growth a t  the la r g e s t  F -value.

A fte r  tne product is  processed i t  is  incucateo anc those conta iners  

p o s i t iv e  for  growth id e n t i f ie d .  Tne re su lt in g  data can now oe p lo tted  

as po in ts  o f crowtn and no growth on a sem ilocarirnm ic graph o f  ioc F 

vs. temperature. Two r -v a lu e s  ere recorded: the la r g e s t  F-value

wnere a t  le a s t  one re p l ic a te  u n it  was p o s i t iv e  and the sn e r te s t  F-value  

where a l l  r e p l ic a te s  were negat ive  fo r  growth. These " su r v iv a l  anc 

d e struct ion "  F -va lue s  are gathered a t  a minimum of tnree hearing  

temperatures.

A f te r  the data are c o l le c te d  tne su rv iva l  and de struct ion  rimes are 

p lotted  on the log sca le  on the o rd in a te  vs. heating temperature on rr.e 

ab sc issa .  A s t r a i g h t  TOT l ine  is now f iT te c  to tne data. Townsend,

Esty, and case I t  (1938) o f fe r  tne fo l low in g  suggest ion s fo r  drawing m i s

line:
I) A su rv iv a l  po in t is considered as p o s i t iv e  oat*  ar.c tne curve 

must pe acove every su rv iv a l  point.
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2) Cestruct i cn po in ts  are in d ic a t iv e  bu~ net c o s ¡ f iv e  owing to trie 

pnenomeren o f  " s k i e s . ” In ge nera l,  r c -e v e - ,  e thermal dee— , 

time curve snculd i ie  beneatn es many destruct ion  p o in t s  as 

p oss ib le  end s t i l l  be above a l l  s u r v iv a l  po in ts .

The slope o r  the IDT curve should be o a r a l le l  to the general 

trend o f  the su rv iva l ana d e stru c t ion  c c in t s .

There have been no add it iona l ru le s  cevelcced as to new a "be st "  TOT 

l in e  could be drawn. A s t r a ig h t  l in e  i s  u s u a l ly  f i r t e d  by eye to experi­

mental data fo l low in g  the three ru le s  j u s t  g iven .

z-Value from 0-Value. Data

The second way o f  e st im ating  a z -va lu e  is  from O-vaiues cetermir.ea 

at  d i f fe re n t  heating tenceracures. When 0 -va iu e  cata a t  several d i f fe re n t  

temoeraTures are a v a i la b le ,  the z -va lue  can be determined by p lo t t in g  the 

data on sem ilocarithm ic  eraon pacer. The 0 -va lu e  is  p lo t te d  cn the leg 

s c a le  cn the o rd in a te  vs.  temcerature on the a b sc is sa .  Convent iona lly ,

a s tra igh t  l ine is drawn rn r“-*U"*rï «pa ■* -a — T» cc in ts a~d tne z-value ! 3

~re 0-value to -nance cv a factor of tar.

i t  is more ZCZ'jr* 75 7C f i t  a s i mo i e , le a s t  s duaras 1ine to tne

leg vs. temcerature. The z-value esmimate i s  t-.e negative  rec ic rcca i  

of the s icca of tne f i t t e d  ¡¡ne. The u n it s  o f  tre  z -va iue  are degrees 

of fer.per3turs; i t  i s  imeertant to a a y s  in d u c e  the temperature sca le  

id e n t i f ic a t io n  as 3C or  °F wnan u s ing  o r  re o o r t in g  a z-va iue .
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BIGELOW MODEL

Bigelow ( I S 2 I )  observed that i f  the logarithm o f  'he  destruction

time was c lo t te d  v s.  temperature on an ar ithm e tic  sca le  the re su lt  over

tne range of Temperarures studied was a s t r a ig h t  l ine .  Th is  method of

p lo t t in g  thermal re s is tan c e  and rnermal ceath time data must be judged

to be e m p ir ica l.  The s im p l ic i t y  o f  t h i s  type c f  a n a ly s i s  and the ready

adaotion o f  the a n a ly s i s  to  a n a ly t ic a l  manipulation has encouraged the

use of t h i s  method. The lack o f a theory as to why thermal destruct ion  
«

data shouJc respond to form s t r a ig h t  l in e s  wnen p lotted  in t h i s  manner 

nas causeo many researchers to pursue an unending search fo r  a theory 

tnat could be used to re in fo rce  th i s  method of a n a ly s i s  o r  to locate  

or ceveiop arct.ner method of a n a ly s is  th a t  was mere amenable to  a 

remoerarure c o e f f i c ie n t  tneory. The Arrhenius type p lo t  where the 

reac*icn r a 'e  i s  ? lc t~ e d  as a function o f  absolute Temperature has beer, 

used oy many as a s c o n is t ic a re c  rocl fo r  Treating Thermal resismance  

caTa to obta in  activation, energies.

General ecuaticn o f the oiceicw mccel:

ioc .=_ = (7 . -  T )/z  + loc
rer - i ren

The 5 :geicw model in expcr.enTiai form:

e
rei

T)/z

n—a i cea es.
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’ r ̂IVJ

The reiTicerarura c o e f f i c ie n t  o f a d r a c e s 3 is  The cnance in rne ra 

o f  the process w itn a cnance in temoerature. The Q ^ -v a lu e  i s  widely 

used by tne s c i e n t i f i c  ccrnun ity  as a measure c f  the temperature coef 

f ic ie n T  o f  cnemical and b io lo g ic a l  re a c t io n s -  Qjq i s  defined as the 

cnance in r ne react ion  rate con stan t, k, f o r  a cnance in remcarature  

o f  IC°C. In ecuaticn  form:

<(T + !0°C1
10

The Q ^ -v a lu e  o f  many cnemical and b io lo g ic a l  react ion s  i s  2;

„ -va lu e s fo r  the heat ce struct i i

:m 2.2 to 4.5 fc r dr/ ineat and 3

•vaiue is ref area TC v bv Tre
10 Y

T«'* 1C OIIO
o

icg  ;
I c

13to icg 0
10

V!C '  , u '

1C/z 3C
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THE GENERAL MEiriCO OF HEAT STERILIZATION rR C C c i - -/ALJA.i^r.

INTRCCL'CTICN

This sect ion  w i l l  be devoted to a sv s lc o in a  the general metncc of 

3recess c a icu le t io n  inc lud in g  the lethal rate ccnceot. The cenerai 

method o f s t e r i I i z a t  ion process c a lc u la t io n  w i l l  be demonstrated both 

by graoh ica l and numerical metnecs.

A tnermal death time curve with a 0 ( i2 0 eC) o f  ten minutes ana а 

z-ve iue  o f  I0°C i s  snown in Figure l l . l .  As an in rrca u c t icn  to tne 

general method Table l l . l  i s  to  be ccmoieted us ing  aara from F igure  l l . l .

Table l l . l

< i ! I  Times, < i I  I Times R e la t ive  to 12G°C, and Letnal «ares 

R e la t ive  to I20°C fo r  tne z -va lue  Curve Cata in F igure l l . l ,

F( 120°C) o f  Ten Minutes зле a z -Value o f  IC°C

CM (2) (3) (4)

7 o'*
( K i 11 Time) 
ty .  Min.

(R e la t iv e  
< i l i  Time)

r T/ r 120

(Lethai Rate)
F /F_

120 T

i 20 10 1 1

1 10 100 10 0. 1

130 1 0.1 10

ICO 1 O0O 100 0.01

I I S 12.2 1.22 0.819

115 31 3.1 0.322

112 73 7.8
0.128
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Tne s t e r i l i z a t i o n  value (F) o f  a hear process i s  custom arily  tne 

ecu iva lent time a t  a base or reference Temperature. In the food process­

ing industry  i t  is  u su a l ly  ecu iva len t minutes at 250°F. i f  a z-va lue

of I8°F is  used, the s t e r i l i z a t i o n  va lue a t  250°F is  c a l le d  the F -va lue .o
Tne su b sc r ip t  (o) ind ica tes  th a t  the temperature is  250°F and the z-va!ue  

is lfl°F. S ince the United S ta te s '  s c i e n t i f i c  community i s  commi-rted to  

move to  the m etric  system, the development and seme o f  the examples in 

th is  sect ion  are u s ing  a l l  metric u n it s .  In parrs  o f  t h i s  sect ion  we 

are using as our reference base the temperature o f  I20°C and id e n t ify in g  

the s t e r i l i z a t i o n  value fo r  t h i s  reference base as (When unspecified,

z = I0°C.)

During rr.e l a s t  f i f t y  years many s c ie n t i s t s  nave worked to ceveico 

improved metnccs o f c a lc u la t in g  the le t h a l i t y  o f  heat processes. Methccs 

caveIoped include: the "General Method" g r a p h ic a l ly  (Bigelow et a i . ,

1920) and num erica lly  ( ra ta shn ik ,  1953); "Formula Methods" ( s a i l ,  1523, 

1528; B a l l  and O lsen, 1957); "Nomogram Methcc" (Olson and Stevens, 1929);

and "Computer Methcc” CSasseen, 1969). ihe " r eneral Method," I n

o r ig in a l  g ra p h ic a l -u se  form, was' laoo r icu s;  ner.ee, tne development от 

ctner metnccs. In t.nese developments accuracy of the method anc ease and 

e ff ic ie n cy  ir. a p p l ic a t io n  nave been tne objectives  anc i t  was u su a i i /  not 

poss ib le  to  s a t i s f y  betn recu i cements - The advent o f  the d i g i t a l  " t o u t s г 

makes p o s s ib le  w icer use of tne "General "e tned."

DEVELOPMENT OF THE LETHAL RATE CONCEPT

Determining the s t e r i l i z a t i o n  value cf a neat success in terms 

ecu ivalent time a t  a reference temperature, for example I20°C, tear  

adding up the s t e r i l i z a t i o n  value at eacn temperature. The use cf  

lethal rate concept makes i t  p o s s ib le to  do th is  in a d i re c t  wev.

The summing up of The lethal e f fe c t s  at d i f fe re n t  temperatures 

reçu ires a temperature c o e f f ic ie n t  model. We w i l l  use tne t o ce I of

of

s

tne

tne

oiceiow ef (1920) it is shewn in cenerai ecuaticn form peicw

ICO FC ■5 = l/z  <Tref - T) rn Ice F(T ,)

anc ir. i t s  more useful arrangement pe lo*:

гн
(T , -  T)/z  

, ref
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The 3igelcw mccel is  shewn in graph ica l form fo r  an F(I2C°C) reference

value o f ran minutes and a z-value of IC°C in F igure  I I - i .

The »g rep n in Figure I I .  I re la te s  tne s t e r i  I i z in g  value, F, with.

temperature. 3y d e f in i t io n ,  m e  rime-remceraTura con d it ion s  o f a l l  po in ts

on the l in e  produce the same m icrcoia i k i l l ,  a ltncucn  the F-value w il l

van/ widely with temperature as snewn in Column I o f  Table 11. I . A l l

po in ts  on the l in e  are ecu iv a le n t  to  an F -v a lu e  (T = I20°C, z = IQ°C)
c

o f  tan minutes- A l l  p o in t s  on the fine are th e re fo re  F minutes a t  T°C, 

equ iva len t  to  an F-vaiue o f  ten minutes a t  I20°C.

The next parr  of. t h i s  cevelccment w i l l  be c a r r ie d  cu t  on a cenerai 

o a s is  witn symoois r a t t e r  tnan with actua l temperature con d it ion s.

Tne z -va lue  graon re la te s  time and temoerature 

fo r  an ecual m icrooia l k i l l .

The " k i l l  t im e" (Column 2, Tapie 11. t ) i s  F (7 );  u n its  

are "minutes a t  7 . "

The T.n e ^ " ^ 3 f T f me o r  tnermai res is tanca curve i s a s t r a i g h t  1ine

log r is p lo tted  vs. Tne l in e  i s  e s t a o i ii s red pv

s e e d i fv in c  m e  siepe anc a pe in t  en tne 1 ine The z—/a i ue is usee as
.1

t.-.e siepe run ct ion , z -  — — , anc an F -va iue  a t  a reference temperature,
s lope

F;7 J ,  as tne po in t on the line.

S te r i  I i zar ion processes are based on m e  " k i l l  time"

at a sp e c i f ie d  reference temperature (T

Tne " k i l l  tim e" a t  m e  reference temceraTure is  F(7 .).ret

In Column 3 o f Tao le I I .  I are I i s te c  m e  r e la t i v e  k i l l  times co r ­

responding to me temperatures in Column I .  These are c s r e n i ned pv 

d iv id in g  the k i l l  times a t  te s t  temceraTure, F(T) ( in  Column 2), by tne

k i l l  time a t  the reference temperature, F(T , ) .re r

The k i l l  time, F (T ) , a t  temcerature T i s  determined 

from the z -va lue  grapn.

Next, we determine the r e la t iv e  k i l l  time:

Ft T)
FiT  . ) '  

ref
sta ted in u n i t s .

minutes at  T
minutes 3T irer

Tne velues of r e la t iv e  k i l l  time are a function  oniy  of m e z-value  

of the mermal death time (F-va lue) c r  thermal re s is tan c e  (C-value) curve. 

Curves m a t  nave m e same z-value w i l l  have the same re la t iv e  k i l l  time 

values.
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Tr.e procedure of going from " k i l l  time" rc

" r e l a t i v e  k i l l  time" has tne e f fe c t  of

s h i f t in g  the z -va iue  curve to  where i t  passes

tnrouan the po in t  F(7 ,) = 1.0.
ref

The un its  o f  r e la t i v e  k i l l  time are (minutes a t  T )/(m inutes a t  T 0
ref

We can observe a t  t h i s  p o in t  th a t  the rec ip roca l o f  the r e la t iv e  k i l l

time w i l l  have u n it s  o f  iminutes a t  T ,)/ (m inutes  a t  T ) ; t h i s  i s  aret
rare expressed in terms o f the cnosen reference temperature.

R e la t iv e  k i l l  time i s
F(T)

FCT , r  
ref

The rec ip roca l o f  the r e la t iv e  k i l l  time is the 
«

rate o f m icrob ia l k i l l  a t  any temperature (T) 

expressed in terms o f  T

F(7 , ),  min a t
ref re :
r (T ) ,  min a t  T

~r,e rec iproca l o f  m e  re la t iv e  k i i !  time which is  m e  m re  That is  

used in a l l  s t e r i l i z a t i o n  orocess c a lc u la t io n s  is  ca lled  the lethal rate  

and is  id e n t if ie d  by m e  svr.pol " L. "
F(7 a .î

Tne rate o f m icrobia l k i l l  is  —

anp is  c a l le d  the lethal rate (L ) .  «_

The z -va lue  ecuaticn i s :

F(7 JI ro »
i _ r F(TJ

= 10
(T -  T .)/ ;  

ret

(T -  T o .)/z
Renee, the lethal rate, L, i s  10 rs

The lethal rate  i s  uni cue in th a t  aitnougn we developed i t  using  

F-vaiues, the le tha l rate i s  a function on ly  of I) the d if fe ren ce  between 

the precuct temperature (T) and tne reference temperature (T ,*) and 2) the 

z-value. The product o f the lethal raTe and the rime at temcerafure T 

is  tr.e k i l l  t i r e  (e cu iva le n t  minutes) at the reference temperature.

' ue k i l l  time at the reference temperature 

s obta ined by m u lt ip ly in g  the reference 

■ em e-a-ure-cased  rate by tr.e e l e c t i v e  time.

.)
FiT) rCT ), 

re*

m m  ¿'
ref mm at min at T

ref
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We nave now sncwn in a generai way now we can c a lc u la te  the k i l l  time 

a t  tne reference temperature that i s  e a u iv a le n t  t o  process t in e s  a t  o tner  

temperatures. We w i l l  now go from tne general so lu t ion  to u s in g  s p e c i f i c  

reference temperatures anc z-va lues.  The genera lly  agreeG-on reference 

temperatures fo r  the E n g l ish  system o f  u n it s  is  25Q°F, z -  I8°F and for  

the metric system o f  u n it s ,  I20°C and I0°C.

We c a im o w  in se r t  reference temoeraTures and 

z -va lu e s  into  our general equations.

M etr ic  5vs~ren of Units

T . = I20°C, z = I0°C. ret

Therefore, F(T .
ref c

FtI20°C) _ r c 
F(T) "  F(T

Lethal rare, L,

o
-t i I2G°CJ/IG°C

«CT - I2C°C '/ IC°C

En c l ish  Svstem of Units

rer
. = 250 Z = I3°F.

Therefore,  FtT .) o
F(250°F) _ r o 

r (T )  "  rCT)

Lethal rate, L,

I(J(T -  25GaF)/;S°F  

¡Q(T -  2503F )/ I5°F

Since lethal ra te s  for any s p e c i f i c  reference temoeratura (T are 

a function only o f the z-value and tne product temoeratura, ta o le s  of 

lethal raTes for a s o e c i f i c  z-value fo r  a range of product tecoeratures  

can pe prepared. Three lethal rate tab le s  are included in t h i s  sect ion ;  

for  the Eng lish  system a lethal rata  ta b le  with a reference temoeratura 

of  25G8F and a z -va lue  of I8°F is  shown in Table 11.2. For m etr ic  system 

use, a table o f le tha l rates with a reference teroeraTure of I 2 I . I I 8C 

with a z-value o f  I0°C is shewn in Table 11.3

In using the general method we are in terested  in tne o v e r a l l  e f fe c t  

wnere the prccuct i s  a t  more than one te rcera tura  during the process.  

These can be summed up through aeprooriate  crocecures.
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Taole II.3

T a o l e  a f  L s m a l  R a r e 3 ' U  f o r  a  R. e r  e r a r . e s  T e r : : e r a 7 ' j r e o f  1 2 1 . 1 l ° C  a r t

a  ; - ' / a l u e  o f  1 G ° C .  L  = M i  r . u T e s a r  I 2 I . I T * C  p e r  M i n u t e  a r > w  .

7 C . m o  .

i’ E G  C 0 .  1 . 2 . 3 . 6 C • v
r

. 6 . 7 . » .  =

9 0 . C O I . 0 0 1 . 0 0 1 . 0 0 1 . 0 0 1 . 0 0 1 . 0 0  1 . C O I . 0 0 1 . 0 0 1

a  i . r e i . 0 0 1 . 0 C 1 .  0 0 1 . 0 0 1 . 0 0 1 . 0 0 1 . O C X . 0 0 1 . 0 0 1

07 . 0 0 1 . 0 0 1 . 0 0 1 . 0 0 1 . 0 0 1 . c o i . 0 0 1 . 0 0 1 . 0 0 1 . 0 0 2

a  2 . 0 0 2 . 0 0 2 . o r ? . 0 0 ? . 0 0 2 . 0 0 2 . 0 0 2 . 0 0 2 . 0 0 2 . 0 0 2

9 * . O C ? . 0 0 2 . 0 0 2 . 0 0 2 . 0 0 2 . 0 0 2 . 0 C 2 . 0 0 2 . 0 0 2 . 0 0 2

« 5 . 0 0 2 . 0 0 3 . 0 0 3 . 0 0 3 . 0 0 3 . 0 0 3 . 0 0 3 . 0 C 3 . 0 0 3 . 0 0 3

9 6 . O r  2 . 0 0 ? . 0 0 3 . 0 0 3 . 0 0 3 . 0 0 3 .  0 C 6 .  C C 6 .  0 0 6 . 0 0 6

0 7 . 0 0 6 . . 0 0 6 . 0 0 6 . 0 0 6 . 0 0 6 . 0 0 6 . 0 0 6 . 0 0 5 .  0 0 5 . 0 0 5

9 » . 0 0 5 . 0 ^ 5 . 0 0 5  ’ . 0 0 5 . 0 0 5 . 0 0 5 . 0 0 6 . 0 0 6 . 0 0 6 . 0 0 6

3  = . 0 0 6 . 0 0 6 . 0 0 6 . 0 0 7 . C 0 7 . 0 0 7 . 0 0 7 . 0 0 7 . 0 0 7 .  C O  o

1 0 0 . 0 0 * . 0 0 5 . 0 0 5 . 0 0 3 . 0 0 5 . 0 0 3 . 0 0 3 . 0 0 3 . 0 0 3 . 0 1 0

1 C 1 . 0 1 0 . 0 1 0 . 0 1 0 . C I O . 0 1 1 . 0 1 1 . 0 1 1 • O l i . 0 1 2 . 0 1 2

I O ? . 0 1 2 . 0 1 ? . 0 1 3 . . 0 1 3 . 0 1 3 . 0 1 6 . 0 1 6 . 0 1 6 . 0 1 5 . 0 1 5

1 0 3 . 0 1 5 . 0 1 6 . 0 1 6 . 0 1 7 . 0 1 7 . 0 1 7 . 0 1 3 . 0 1 ; . 0 1 3 . 0 1 3

1 0 6 - . 0 1 3 . 0  2 G . 0 2 ? . O ’ t . 0 2 1 . 0 2 2 . 0 2 ? . 0 2 3 . 0 2 3 . 0 2 6

I C S . 0 2 6 . 0 ? » . 0 * 6 . 0 2 6 . 0 2 7 . 0  2 7 . 0 2  = . 0 2 ° .  0 2 3 . 0 3 0

I ^ S . 0 3  1 . 0 3 2 . 0 3 2 . 0 3 3 . 0 3 6 . 0 3 5 . 0 3 5 . 0 3 6 . 0 3 7 . 0 3 3

1 0 7 . 0 3 3 . 0 6 0 . 0 6  I .  0 6 ? . 0 6 3 . 0 6 6 . 0 6 5 . 0  6 6 . 0 6 7 • 0 6 5

i r » . 0 6  3 . . 0 5 0 . 0 5 1 . 0 5 2 . 0 5 6 . 0 5 5 . 0 5 6 . 0 5 7 . 0 5 3 . 0 6 0

1 0  = . 0 6  2 . 0 6 3 . 0 6 6 . 0 6 6 . 0 6 7 . 0 6 3 . 0 7 1 . 0 7 2 . 0 7 6 . 0 7 6

I l o . 0 7 7 , 0  7 Q . r  a  1 . 0 5 3 . 0 5 5 . 0 3 7 . 0 8 3 . 0  3 1 . 0 3 3 . 0 3 5

1 1 1 . 0 3 7 . 1 0 0 . 1 0 2 . 1 0 6 . 1 0 7 . 1 0 3 . 1 1 2 . 1 1 5 . 1 1 7 . 1 2 0

1 1 2 • 1 ? 3 . 1 2 6 . 1 2 5 . 1 3 1 . 1 3 5 . 1 3 3 . 1 6 1 . 1 6 6 . 1 6 3 . 1 5 1

1 1 3 . 1 5 6 . 1 5 3 . 1 6 2 .  I  6 6 . 1 6 3 . 1 7 3 . 1 7 7 • L à ? . 1 3 6 . 1 3 0

I I * - . 1  =  6 . 1 3 3 . 2 ?  6 . 2 0 5 . 2 1 3 . 2 1 3 . 2 2 3 . 2 2 3 . 2 3 6 . 2 3 3

1 1 5 . 2 6 5 . 2 5 1 . 2 5 6 . 2 6 2 . 2 6 3 . 2  7 5 . 2 3 1 . 2 3 3 . 2 3 6 . 3 0 1

I I * . . ? C » . 3  1 * . 3 2 3 . 3 3 0 . 3 3 3 . 3 6 6 . 3 5 6 . 3 6 2 . 3  7 1 . 3 7 9

1 * * . 3 °  = . 3 = ? . 6 0  6 . 6 1 6 . 6 2 6 . 6 3 5 . 6 6 6 . 6 5 6 .  6 o 7 • *• 1 •

1 1 » . 6 3  3 . 5 0 0 . 5 1 2 . 5 2 3 . 5 3 6 . 5 6 3 . 5 6 1 . 5 7 6 . 5  5 7 . 6 0 1

1 1 3 . 6 1 5 . 6 2 3 . 6 6 6 . 6 5 3 . 6 7 6 . 6 9 0 . 7 0 6 . 7 2 3 . 7 3 3 . 7 5 7

1 2 0 . 7 7 6 . 7 3 7 . 3 1 1 . 8 3 0 . 3 6 5 . 5 6  = . 3 8 3 . 3 1 0 . 3 3 1 . 9 5 3

1 2 1 . 3 7 5 . 3 0 7 1 . C ? l 1 . 0 6 * 1 . C A 3 1 . C 3 6 1 . 1 1 3 1 . 1 6 5 1 . 1 7 2 1 . 1 9 9

1 2 2 l  . * 2 7 1 . 2 5 6 t .  2 "  5 1 . 3 1 5 1 . 3 6 6 1 . 3 7 7 1 . 6 0 3 1 . 6 6 2 1 . 6 * 5 1 . 5 1 0

1 2 3 1 . 5 6 5 1 . 5 5 1 1 . 6 1 ? 1 . 6 5 5 l  . 6 3 6 1 . 7 3 3 1 . 7 7 6 1 . 3 1 5 1 . 3 5 7 1 . 3 0 1

1 2 6 1 . 3 6 5 1 . 3 3 0 2 . 3 3 7 ?  . 0 5 6 2 . 1 3 3 2 . 1 3 2 2  . 2 3 3 2 . 2 3 5 2 . 3 3 5 2 . 3 9 3

1 ?  5 2 .  t t » 2 . 5 0 6 2 . 5 6 6 2 . 6 2 6 2  . 6 * 5 2 . 7 6 7 2 . 3 1 1 ?  .  3  7 7 2 . 3 6 6 3 . 0 1 2

L ? 6 3 . 0 » ? 3 . 1 5 6 3 . 2 ? ? 3 . 3 0 * 3 . 3 " 0 3  . 6 5 3 3 . 5 3 3 3 . 6 2 ? 3 . 7 0 6 3 . 7 9 2

1 2 7 ?  . f* 0  1 2 . * > 7 l 6 . 0 6 3 6 . 1 5 » 6 . 2 5 5 6 . 3 5 6 6 . 6 5 6 6 . 5 5 3 6  .  ò ò ò 6 . 7 * 6

1 ? » 6 . 5 * 5 6 ,  a c o * . 1 1 6 5 . 2 3 5 5 . 3 5 7 5 . 6 3 2 5  . 6 0  = 5 . 7 6 0 f  . 3 7 6 6 . 0 1 0

1 2  <9 6 . 1 5 0 6 . 2 = 6 6 . 6 * 0 6 . 5 3 0 6 . 7 6 6 6  . = 0 1 7 . 0 6  2 7 . 2 2 6 7 . 3 3 6 7 . 5 6 7

1 ? 0 7 .  7 6 3 7 . 3 2 3 5  . 1 0  5 3 . 2 = 7 ? . 6 3 0 » . t  •  • 3 . 3 3 0 3 . 0 3 7 3 . 3 0 = =  . 5 ?  6
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To c a lc u la te  The F -va lue  That r e s u l t s  «пел a 

о
product is  a t  7 °F fo r  r^ min + T ^ F  *с г  Г-7 , in

and T , eF fo r  r ,  min:
3 j

S a i l  and Olson (1957), cn po. 184-189, v e r i fy  a n a ly t i c a l l y  the 

ad d it ive  propert ie s  o f  p a r t i a l  s t e r i l i t y  con d it ion s  a t  d if fe re n t  Temper­

atures. The student is  d ire c te d  to  This reference fo r  a mere ccmclete 

treatment o f t h i s  subject.

*

CcTERMlNING THE F-VALUE OF A STERILIZATION PROCESS

Time-temperature оата . mus* be

mace a v a i la o le  as a p re re q u is i te  To the a n a ly t ic a l  e va lu a t io n  c f  a neat 

s t e r i l i z a t i o n  process. Once tnesa data are a v a i la o le ,  the F-value o f  

tne s t e r i l i z a t i o n  process can be determined re c a rd le ss  o f  the heating  

pattern o f tr.e container.

Conventiona lly  *e are in te rested  in тг.е s t e r i l i z a t i o n  value at  

tne s low est heating zone o f  tne conta iner, i .e . ,  m a t  zone in fne 

conta iner that receives tne sm a l le s t  F -value. The s low est  hearing  

^ n e  must Pe located -before the time-remoerature data ga rner ing  proc­

ess can oegin.

Temperatures must be measured a t  small time in te r v a l s  sc that a 

c le a r  p ic tu re  c f  the nearing and co o l in g  pattern i s  a v a i l a t 'e .  The 

frequency at which temperature measurements are made during  a te s t  to  

gather time-temperature data depends on the rate o f the heating of the 

product in the container wnich, in turn, is  a function  c f  container  

s ize  and the v i s c o s i t y  o f  the product in the con ta ine r.  The Temperature 

measurement in terval w i l l  vary with the heating ra ta  arc  should pe 

se lected so th a t  an adecuate number of time-temperature measurements 

are co l le c te d .  Prccaoly 20 data po in ts  are the minimum necessary to 

adequately describe the heat ing  end c o d i n g  pattern and to 

ca lc u la te  the F-value of the s t e r i l i z a t i o n  process.



5 3

THE GENERAL METKCO GRAPHICALLY

In r i i is  procedure tne s t e r i l i s i n g  value (F) o f  tre  -'.ear process ¡3 

obtained using a g raon ica l  i nrag ran' cn technique to  s c iv e  rne general 

equation:

In our example proolen we w i l l  use I20°C as the reference temoerature. 

The procedure is  as fo l lo w s :  let.nal raTes are p loTtec  cn rne y ax is  o^

10 x 10 o r  20 x 20 I ine s -oe r - inen  graon paoer as a funcricn  o f  time in 

minutes on the x a x i s .  S ince the lethal rate , L, i s  minutes a t  I20°C 

cer minute a t  T p lo t te d  vs. time in minutes a t  7, the area under rne 

curve is  r..inures a t  I20°C. The area under the curve i s  measured in 

scuare mores u s ing  a planim erer. To convert rne square inch area once r  

rne curve to minutes a t  I2Q°C an area conversion f a c to r  i s  cevslcced by 

determining the F^ o f  an area c f  ere scuare iron c f  tr.e graon. Tire 

scuare inch adjacent to tre coord inate cere is tt.e s im e ie s t  area to » o r \

witn; tne prccuct o f the le tna l rata one mcr. U3 m s y ax fs and time or.e

inch to the r ig h t  cn the x ax f s is  minutes at 120 °C oer  sc uare inc.n of

graon; the orccuct o f thiis fa c t o r  and tne area uncer tne cu rve in scuare

incres is  minutes 3 t  I20°C.

The general method le tha l rate graon i I i  u s t r a re s  a t  a glance rne 

re la t ive  m icrco ia l k i l l  power o f  tre d i f fe re n t  p o rt io n s  o f tne near orcces  

I t  d ram atica lly  p o in ts  out the imoortancs o f  the l a s t  minutes before 

coo ling  s t a r t s  and the m e f fe c t  i veness o f tne f i r s t  few minutes af~er

In Table 11.^ are  l i s t e d  tne time-remcerature heating  data l z r  tre  

slowest heating zone in a cont; iner o f  prccuct. These data, a ic rc  M i—. 

the corresocnam g lethal ra te s ,  are shewn in Taole 11.5. The lethal 

rates were cota ined from Table 11.4. In Figure 11.2 are srewn the le tha l  

rate data in Taole I ! ' . 6 p lo tte d  to make a lethal ra te  g rapn;  the area, 

measured using a o lanim eter, i s  I 1.0 square incres. Tire area conversion  

facto r o f  tne graon is  i .0 (min at I2090 / ( s q u a r e  inch );  tne minutes at  

I20°C are I 1.0 x 1.0 s I 1.0 minutes.
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Tab Ie 11.6

C a lc u la t in g  the L e th a l i ty  o f a Heat S t e r i l i z a t i o n  Process  

Using the Method o f Fa ta shn ik

?(120cC,

Time Temperature Lethal .Pate
(M in.)  (°C) (Min. a t  120/M in . at  T)

4 83.3 0.000
5 53.3 0.002
6 101.1 0.013
l 1 OS. 7 0.047
8 110.6 0.115
9 113.3 0.214

10 1 ! 5.3 0.335
1 1 1 I S . 9 0.490
12 1 IS :  1 C .646
13 N 3 .5 0.776
11 1 ¡5.4 Q. 571
13 !2' - .0 1 .000
15 120.3 1.072
17 120.6 1.148
15 120.7 1.173
19 120.5 1 .202

120.9 1 .230
21 1 ! 3-3 C .576

96.7 C .005
25 76.7 0.000

Sum o f 1 etna I rates - 1 1 .021,
°C! = i t  x (Z o f  letnal rates) = 1 x 11.021

- 11.0 Min.
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THE GENERAL ME~-:CG MLMERICALLV (NCV-'ECHANi ZEu)

The p r in c ip le s  o f  the cererai metncc o u t l in e c  aoove are m e sere 

racarp less of tne computational prcceoure. The numerical ccmoutaticnaI 

prccecure e lim inates  p lo t t in g  m e  lethal rare  graon anc measuring tne are = 

under rne curve.

Mathematicians have develcoed severa l methods fo r  f in d in g  tne area 

of an i r re g u la r  geom etric  f igu re ;  two methods, the Traoezoidal Rule  and 

Simoson's Rule, w i l l  be described here a s  p o s s ib le  methods fo r  e va lu a t in g  

the area under the le tha l rare  с и п е .  In both o f  these procedures i t  is  

necessary to d iv ide  the araa uncsr e va lu a t io n  av ecu a ! ly -soacea  o a r a l le ll
cores; the length o f  m e  cores are Y Y f , Y^, . . . Y^.

surington (1940) s ta re s  that, in ge n e ra l,  5 imeson's Rule  i s  more 

accurate than the Traoezoidal Rule; however, lethal rate graphs are  

re la t iv e ly  simple geometric f igu re s  m a t  u su a l ly  can :e mace to  s t a r t  

arc anc a* zero and have a s t r a ig h t  l in e  case, so m e d if fe re n ce  ir. 

re su lt s  using one o r  tne o tner o f me two methods is  net g re a t .

S i reset.' s Rule fo r  an odd numcer of Y va lues  is  written m athem atica lly  as:

Area = Y/3(Y +4Y.+2Y-*4Y_t. . . - ; y  _-4Y ,-Y .
о ! 2 3 n-z n-l n

The Traoezoidal Rule  fo r  determining area is  written m athem atica lly  as:

Area = tC lY  *Y ) / 2 * Y  -Y . . *Y Л .  
u о n 1 2  n - !

Ratasnnik (1953) descr ibes m e eva lu a t ion  of mermal processes  ov

m e Trapezoidal Rule . In determining tne r -va iu e  of a s t e r i I i z a t i c n

process tne length o f  the cord is  the le tha l rate (L), and the d is ta n c s

between cords w i l l  be the time, d, between successive  temperature

measurements. The area under the curve is  equ iva len t minutes a t  the

reference temperature used in determining the lethal ra tes,  ra ta sn n ik

points cut that in e va lu a t in g  m e usual neat process m e  date included

in me an a iy s is  may be se lected sc tne va lues of me f i r s t  and la s t

points, Y and Y , are zero, s im p l i fy in g  the Traoezoical Rule ecuaticn to: 
o n

Area = SCY.+Y-. . .+Y , ) .
I 2 n -l

In terms of lethal ra tes  m e  Ratesim ik method s im p l i f i e s  to:

F(T J  * dO-(T, ) *U T _ )+ L (T _ )+ .  . 
rer i 2 j

The re su lt s  c f  eva lua t ing  tne heating  data in Taole I 1.5 num erica lly  

usinc the T.-’ oezo i da I Rule are srewn in Table I I .  5 in th is  example,

—  ere - z r e , 'C, ic ° c ; -v 3 ! .e  Is one rimes ~~e s-m

J
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I f  the raras.'.n i k m.err.cC is  to oe used to Ceterf. i re rne s te r i  I i z a t ic r  

value of a portion  o f  a s t e r i l i z a t i o n  p rocess,  fo r  example, rne i n i t i a l  

15 minutes of the process anaiyzec in Tac le  11.7, thwi *e oust use the 

c a s ic  Trapezoid Rule aquation as snc«n celew:

L(T ) LCT )"
— = 2 -  + LCT,) + LCT.) +  LCT,) . . . LCT .) +2 1 2  3 n - l  2

The 15-minute temperature would he T ; there fore , on ly  h a l f  o f  theit
LCT ) value wi.l.l be added. The F(I2C°C, 1 0 *0  fo r  the_fi.rst  .15 minutes n
(Exa.-ole Tacle 11.7) i s  ca lcu la red  below:

Sum LCT) from *4 tnroucn 14 minutes = 3.515.

LCT) fo r  15 minutes = I .CO, ■ -■ -  0.300.

Sum o f  the lethal ra te  -  4.013-

F i !2C°C, I0°C) = d x I  o f  lethal ra ta  = I x 4.013 3 4.0 m inutes.

FCT J  = 
ref

TriE GENERAL METHOD 3Y COMPUTER OR PRCGRAMMAc LE CALCULATOR

Seth the d i g i t a l  ccmouter алс crcgrammaoia c a l c u l a t o r  are i c e e l i y  

s u i t e c  for  c a r r y in g  c u r  s t e r i I i z a t ; c n  v a lue  c a l c u l a t i o n s .  T h e i r  a b i l i r y  

t o  qu ick ly  c a l c u la t e  le tha l  ra res  arc to  sum rne lethal  ra te s  u s i n g  

ei tr.er me t r a ce zo ic a l  c r  3 i me set ’ 3 ru ie  ma*es тле : reces s  d i r e c t  алс 

e f f  ic ienr.

Availao le  a t  the U n iv e r s i ty  o f  Minnesota is  an in te ra c t iv e  ccmouter 

orocram written in Fortran  that w ill c a lc u la te  the ecu iva len t s t e r i l i z i n g  

value (F a t  rne de sired  base тетсегатиre ana z-va lue) of а пеат s te r i  I i -  

cation process. S t e r i l i z a t i o n  vaiues fo r  several z -va lues can be obts inec  

at  the same rime. T h is  program is  c a l le d  FVALFHK and is  l i s t e d  In Table  

11.8.
We have ca lc u la te d  tne F -va lue  fo r  rne data in Taole 11.5 u s inc

c
the FVALRHK program. The re s u lt  i s  an F^-value c f  11.0 minutes which is  

in agreement with cu r  e a r l i e r  ca lcu la ted  va lues.  The in te ra c t iv e  

computer p r in tout,  i n d u c in g  ca*a input and da’ a output, is  snewn in 

Tacle 11.9.




