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THERMAL PROCESSING 
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Module 6. Principles of Thermal 
Processing 

Thermal Processing for Meat and Poultry 
Products Training 
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Purpose and Objectives 

 Purpose of Module 7 

• Provide concepts used to establish thermal 
processes 

 Performance Objective 
• Identify the techniques involved in the 

establishment of a thermal process 
• Identify the major factors affecting thermal 

processes 
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Key Factor Affecting the Sterilization 
of Canned Products: Temperature 

 Temperature is easily regulated 
 Effects are dependent on magnitude and 

exposure time 
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THERMAL PROCESSING 
TRAINING 

Question that Must be Answered for 
Process Schedule Development 

 What time and temperature (heat treatment) is 
needed to destroy the pathogens and 
spoilage organisms of concern? 
• Note that spoilage organisms are normally 

more resistant 
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THERMAL PROCESSING 
TRAINING 

Basis for Developing Process 
Schedules 

 Processing authority has extensive knowledge of 

• Food microbiology-heat resistance of contaminating 
and/or target microorganisms, 

• The characteristics of the product and how it heats, 
 Heat penetration for retorted product 
 Flow characteristics for aseptic processed product 

• The container in which the product is packed, and 
• The thermal processing systems used to heat the 

food containers 
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Basis for Developing Process 
Schedules 

THERMAL PROCESSING 
TRAINING 

 The processing authority must have the ability 
to communicate with the processor to gather 
as much information about the overall process 
and product preparation as possible. 
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THERMAL PROCESSING 
TRAINING 

Basis for Developing Process 
Schedules 

 The processing authority must have the ability 
to recognize the limitations of the processor 
and/or the processing system. 
• e.g., can the processor properly measure and 

control critical factors 
• A critical factor is a characteristic, condition or 

aspect of the product, container, preparation 
procedure or processing system that affects the 
process schedule 

17 
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THERMAL PROCESSING 
TRAINING 

What is a Process Schedule? 

 The thermal (heat) process selected by the 
processor required under the conditions of a 
manufacturer for a given product to achieve 
commercial sterility 

18 
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THERMAL PROCESSING 
TRAINING 

Process Schedule Components 

 Thermal processing parameters such as 
• Initial temperature (IT) of product 
• Process time 
• Process temperature 

 Critical factors (as needed) 
• e.g., minimum headspace and maximum thickness 

(consistency) for agitating processes 
• Maximum pH for acidified products 
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TRAINING 

Process Schedule Components (2) 

 The product type and style 
• e.g., chili with beans, chili without beans 

 The container type and size, and 
• e.g., 300 X 407 can, or 145mm X 200mm X 19mm 

pouch 
 The thermal processing system 

• e.g., aseptic, continuous rotary retort , or water 
spray retort 

11100 



  

   
     

 
   

   

THERMAL PROCESSING 
TRAINING 

Importance of Process Schedule 

 An established process schedule is specific to 
that product, preparation, thermal processing 
system, and container 

 Process schedules and MUST NOT BE 
ALTERED without consulting a processing 
authority 

11111 



  THERMAL PROCESSING 
TRAINING 

PROCESS SCHEDULE 
DEVELOPMENT 

1122 



  

I 
l 

1, 

 

  

 
  

Process Schedule Development: 
Heat Resistance of Microorganisms 

THERMAL PROCESSING 
TRAINING 

HEAT RESISTANCE OF PRODUCT HEATING DATAMICROORGANISMS 

CALCULATED PROCESS SCHEDULE 

CONFIRMATION BY INOCULATED TEST PACK 

Source: FDA STATE TRAINING BRANCH COURSE MANUAL FOR LOW ACID CANNED FOODS, 1988 
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Target Microorganisms 

THERMAL PROCESSING 
TRAINING 

 LACF 

• Clostridium botulinum 
• C. sporogenes (PA 3679) 

 Acidified LACF 
• Vegetative cells of 

pathogens and acid tolerant 
non-pathogenic spores 

• Acidity (pH) controls any 
surviving spore germination 
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THERMAL PROCESSING 
TRAINING 

Heat Resistance of Microorganisms 

 Factors affecting heat resistance of the target 
microorganisms: 

• Growth characteristics of the target organism 
• The media (food product) in which the 

organism grows 
• The conditions under which the organism 

grows, and 
• The age of the organism 
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THERMAL PROCESSING 
TRAINING 

Determining the Heat Resistance of 
Microorganisms 

 Thermal Death Time (TDT) studies 

• Inoculate small amounts of substrate (phosphate 
buffer or food product) with a known number of 
bacteria 

• Heat buffer or food in containers at the same 
temperature for several time periods 

• Containers are incubated and observed for spoilage 
or opened and subcultured for direct survivor count 

• Repeat using different temperatures 

11166 
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TDT Study Instruments and Equipment 

 Three-neck flask 
 Thermal death time (TDT) tube 
 Mini Retorts 

11177 



TDT Study Instruments and Equipment 
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Thermal death 
Three-neck flask time (TDT) tube 

Mini Retorts 

TDT can   
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THERMAL PROCESSING 
TRAINING 

Microbiological Parameters 
Determined from the TDT Study 

 3 microbiological parameters are obtained 
from the TDT study: 
• D value 
• z value, and 
• F value 

The D, z and F values are used to define the heat 
resistance of a microorganism and indicate how much 
effect a thermal process will have on a population of 
that microorganism 
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THERMAL PROCESSING 
TRAINING 

D-value 
(Decimal Reduction Value) 

 D value refers to the time, at a constant 
temperature, required to kill 90% of the 
organisms present 

 This is the same as a one log reduction in the 
organism’s population 

 Expressed as D240°F = 4.5 minutes (when it 
takes 4.5 minutes to reduce the population 1 
log10 at 240°F) 
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THERMAL PROCESSING 
TRAINING 

Example of Log10 - Decimal 
Reduction 

Known # of Organisms = 10,000 104 

1 min 
-90%: 10,000-9,000 = 1,000 103 

2 min 

-90%: 1,000-900 = 100 102 

3 min 

-90%: 100-90 = 10 101 

4 min 
121 -90%: 10-9 = 1 100 
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THERMAL PROCESSING 
TRAINING 

“Minimum Health” Thermal 
Processes for LACF 

 Based on the destruction of C. botulinum 
spores 

 A 12D (12 log reductions or 10-12) destruction 
for spores of C. botulinum is the industry 
standard 
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THERMAL PROCESSING 
TRAINING 

“Minimum Health” (12D) Process 
Example 

 The typical D250°F for C. botulinum spore 
destruction in most foods is ~0.23 minutes 

 Therefore, a 12D destruction would be ~2.76 
(12 x 0.23) minutes at 250°F 

 To protect public health, a thermal process 
must provide a lethality (lethal rate) equivalent 
to 3 minutes (2.76 rounded up) at 250°F 
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THERMAL PROCESSING 
TRAINING 

“Commercial Sterility” Thermal 
Processes for LACF 

 Based on the destruction of C. sporogenes or 
PA 3679 spores 

 A 5D (5 log reductions or 10-5) destruction for 
spores of PA3679 is the industry standard 
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THERMAL PROCESSING 
TRAINING 

“Commercial Sterility” (5D) Process 
Example 

 A typical D250°F for PA 3679 spore destruction 
in most foods is ~1.2 minutes 

 Therefore, a 5D destruction would be ~6.0 (5 
x 1.2) minutes at 250°F 

 To achieve commercial sterility in most foods, 
a thermal process must provide a lethality 
(lethal rate) equivalent to 6 minutes at 250°F 
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THERMAL PROCESSING 
TRAINING 

Comparison of D Values 

 Since PA 3679 spores are 5 times more heat 
resistance than C. botulinum spores (D250°F = 
1.2 min. vs 0.23 min.), a 5D process for PA 
3679 applied to most foods typically destroys 
26 logs of C. botulinum spores 
• 6 minute required lethality at 250°F ÷ .23 minute D 

value at 250°F = 26 logs 
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THERMAL PROCESSING 
TRAINING 

Z value 

 The change in temperature that changes the 
D value by a factor of 10 or organism’s heat 
resistance by a factor of 10 

 It measures the effect of temperature on the 
D value, i.e., the change in the death rate 
based on temperature 
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THERMAL PROCESSING 
TRAINING 

F Value 

 The number of minutes at a given temperature 
necessary to destroy a given number of 
microorganisms 

 The F value is the D value times the number of 
required log reductions of the target 
microorganism, e.g., C. sporogenes 
• D250°F = 1.2 minutes x 5 (5D process or 5 log 

reductions) = 6 minutes 

128 



  

 

  

 

29

Process Establishment: Product Heating Data 

THERMAL PROCESSING 
TRAINING 

HEAT RESISTANCE OF 
MICROORGANISMS PRODUCT HEATING DATA 

CALCULATED PROCESS SCHEDULE 

CONFIRMATION BY INOCULATED TEST PACK 

Source: FDA STATE TRAINING BRANCH COURSE MANUAL FOR LOW ACID CANNED FOODS, 1988 
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THERMAL PROCESSING 
TRAINING 

Product Heating Data 

HEAT PENETRATION TESTS 
 Monitor the rate of change in temperature of 

the food inside the container as it is being 
heated in a specific retort system 

 Temperature sensor or thermocouple located 
in the product at the slowest heating region 
(cold spot) of the container 

 Use heat penetration data to “mathematically 
define” the heating rate 
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THERMAL PROCESSING 
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Heat Penetration Tests (2) 

 Slowest heating region or container cold spot 
depends on the: 
• Type of product, 
• Container type and size, 
• Thermal processing method/system, and 
• Heat transfer mechanism 
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THERMAL PROCESSING 
TRAINING 

Heat Penetration Tests (3) 

 The number of containers per test run and the 
number of test runs necessary to ensure the 
data is adequate depends on the variability of 
the product and the retorting system 

 The more variable the product and/or system, 
the more test runs and containers per test run 
are required 
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THERMAL PROCESSING 
TRAINING 

Heat Penetration Tests (4) 

 Important to simulate the worst case scenario 
likely to occur when producing the product 

 Need to account for the affect of production 
variations which are usually critical factors 
• Changing the type and amount starch or protein in 

the formulation 
• Filling the product differently 
• Improperly soaking/rehydrating ingredients 
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THERMAL PROCESSING 
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Heat Penetration Tests (5) 

Potential Critical Factors 
 Raw or cooked meat 
 Moisture content 
 Clumping of product 
 Particle size and style 
 Solids to liquid ratio 

 Fill weight 
 Consistency/viscosity 

134 

 Can orientation 
 Product orientation 

 Fresh or frozen 
ingredients 

 Formulation ingredients
and preparation 
procedures 

 Hold time prior to 
conduction heat 
penetration testing 
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THERMAL PROCESSING 
TRAINING 

Heat Penetration Tests (6) 

Container Fill Weight 
Beans in Brine 
300 X 407 Can 

Fill Weight (oz) Process Time (min) 

7.8 41 

9.2 66 

135 
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Heat Penetration Tests (7) 

THERMAL PROCESSING 
TRAINING 

 Heat penetration tests should be conducted on both 
product orientations and use the data from the 
slowest heating orientation 
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Heat Penetration Tests (8) 

THERMAL PROCESSING 
TRAINING 

 Heat penetration tests should determine if the nesting
of the containers affects how the container heats 
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Heat Penetration Tests (9) 

THERMAL PROCESSING 
TRAINING 

 Heat penetration tests should be conducted on 
different can orientations and use the data from the 
slowest heating orientation 
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Heat Transfer Mechanisms 
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 Convection 
 Conduction 
 Convection/conduction 
 Induced convection 
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Conduction Heating 

 Particle to particle heat transfer with no particle 
movement 

 Product is typically viscous with little free liquid 
 Container’s geometric center is slowest heating 

region 
 Examples- refried beans, pumpkin, stews, 

corned beef hash, etc 
 Simple heating or straight line 

140 
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Conduction Heating (2) 

Cold spot would be COLD 
1 in center of container SPOT41
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Convection Heating 

 Particle to particle heat transfer with particle 
movement 

 Product typically less viscous with free liquid 
 Slowest heating region is usually 1/4 container 

height from bottom but can vary 
 Examples- broths, brine packed products, 

(olives, green beans, carrots, etc) 
 Simple heating or straight line 

142 
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Convection Heating (2) 
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Convection Heating (3) 

THERMAL PROCESSING 
TRAINING Semilog Plot of Time Temperature Data for Convection Heating 

Product in 300x407 can 
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6.9973530342

3

3

7.087522554

3

3

7.1776920737

3

3

7.2678615935

3

3

7.3580311133

3

3

7.4482006331

3

3

7.5383701529

3

3

7.6285396727

3

3

7.7187091925

3

3

7.8088787122

3

3

7.899048232

3

3

7.9892177518

3

3

8.0793872716

3

3

8.1695567914

3

3

8.2597263112

3

3

8.3498958309

3

3

8.4400653507

3

3

8.5302348705

3

3

8.6204043903

3

3

8.7105739101

3

3

8.8007434299

3

3

8.8909129497

3

3

8.9810824694

3

3

9.0712519892

3

3

9.161421509

3

3

9.2515910288

3

3

9.3417605486

3

3

9.4319300684

3

3

9.5220995881

3

3

9.6122691079

3

3

9.7024386277

3

3

9.7926081475

3

3

9.8827776673

3

3

9.9729471871

3

3

10.0631167069

3

3

10.1532862266

3

3

10.2434557464

3

3

10.3336252662

3

3

10.423794786

3

3

10.5139643058

3

3

10.6041338256

3

3

10.6943033453

3

3

10.7844728651

3

3

10.8746423849

3

3

10.9648119047

3

3

11.0549814245

3

3

11.1451509443

3

3

11.2353204641

3

3

11.3254899838

3

3

11.4156595036

3

3

11.5058290234

3

3

11.5959985432

3

3

11.686168063

3

3

11.7763375828

3

3

11.8665071025

3

3

11.9566766223

3

3

12.0468461421

3

3

12.1370156619

3

3

12.2271851817

3

3

12.3173547015

3

3

12.4075242213

3

3

12.497693741

3

3

12.5878632608

3

3

12.6780327806

3

3

12.7682023004

3

3

12.8583718202

3

3

12.94854134

3

3

13.0387108597

3

3

13.1288803795

3

3

13.2190498993

3

3

13.3092194191

3

3

13.3993889389

3

3

13.4895584587

3

3

13.5797279785

3

3

13.6698974982

3

3

13.760067018

3

3

13.8502365378

3

3

13.9404060576

3

3

14.0305755774

3

3

14.1207450972

3

3

14.2109146169

3

3

14.3010841367

3

3

14.3912536565

3

3

14.4814231763

3

3

14.5715926961

3

3

14.6617622159

3

3

14.7519317357

3

3

14.8421012554

3

3

14.9322707752

3

3

15.022440295

3

3

15.1126098148

3

3

15.2027793346

3

3

15.2929488544

3

3

15.3831183741

3

3

15.4732878939

3

3

15.5634574137

3

3

15.6536269335

3

3

15.7437964533

3

3

15.8339659731

3

3

15.9241354929

3

3

16.0143050126

3

3

16.1044745324

3

3

16.1946440522

3

3

16.284813572

3

3

16.3749830918

3

3

16.4651526116

3

3

16.5553221313

3

3

16.6454916511

3

3

16.7356611709

3

3

16.8258306907

3

3

16.9160002105

3

3

17.0061697303

3

3

17.0963392501

3

3

17.1865087698

3

3

17.2766782896

3

3

17.3668478094

3

3

17.4570173292

3

3

17.547186849

3

3

17.6373563688

3

3

17.7275258885

3

3

17.8176954083

3

3

17.9078649281

3

3

17.9980344479

3

3

18.0882039677

3

3

18.1783734875

3

3

18.2685430073

3

3

18.358712527

3

3

18.4488820468

3

3

18.5390515666

3

3

18.6292210864

3

3

18.7193906062

3

3

18.809560126

3

3

18.8997296457

3



manual

		IT		RT		TIME		TEMP		TEMP1		RT-TEMP		LOG(RT-TEMP)		Time again		3-LOG(RT-TEMP)		FH LINE		F2 LINE		X OF F2		Y OF F2		X OF FH		Y OF FH		J		FH		F2		XBH		SLOPE FH		SLOPE F2

		141.14		257.00		0.00		141.14		141.14		115.86		2.06		0.00		0.94		0.70		1.65		20.00		2.25		10.00		2.00		0.86		7.69		33.33		7.18		0.13		0.03

		CUT		time inc		0.50		140.74		140.74		116.26		2.07		0.50		0.93		0.77		1.67		50.00		3.15		50.00		7.20		1.72		noncorrected j				gbh		11.61		gbh temp		245.39

		4.00		0.50		1.00		147.94		147.94		109.06		2.04		1.00		0.96		0.83		1.68										tc		company		product		proc sys		can		run		test #

		CORRECTED				1.50		173.15		173.15		83.85		1.92		1.50		1.08		0.90		1.70		values from regression tab of this program to								3		amy's kitch		chili tofu		rotomat		300x407		0		0.9829366535				corr j		noncorr j		brok		corr j		noncorr j

		CUT		close to RT		2.00		194.22		194.22		62.78		1.80		2.00		1.20		0.96		1.71		do combo of manual & reg																						j		0.86		1.72		j		0.86		1.72

		2.32		n		2.50		216.19		216.19		40.81		1.61		2.50		1.39		1.03		1.73		X OF F2		Y OF F2		X OF FH		Y OF FH																Fh		7.69		7.69		Fh		7.69		7.69

				temp for n		3.00		230.14		230.14		26.86		1.43		3.00		1.57		1.09		1.74		20.00		3.00		10.00		2.31																RT		255.00		255.00		F2		33.33		33.33

		141.14		100		3.50		232.31		232.31		24.69		1.39		3.50		1.61		1.16		1.76		50.00		3.00		50.00		9.52																IT		160.00		160.00		Xbh		7.18		7.18

		140.74		time restrict		4.00		238.96		238.96		18.04		1.26		4.00		1.74		1.22		1.77																								Fo		5.30		5.30		RT		260		260

		147.94		y		4.50		243.57		243.57		13.43		1.13		4.50		1.87		1.29		1.79																														IT		100		100

		173.15		6.00		5.00		244.22		244.22		12.78		1.11		5.00		1.89		1.35		1.80																														Fo		5.30		5.30

		194.22				5.50		250.04		250.04		6.96		0.84		5.50		2.16		1.42		1.82

		216.19				6.00		248.22		248.22		8.78		0.94		6.00		2.06		1.48		1.83																								Bb		10.97		13.29		Bb		13.39		21.59

		230.14				6.50		248.73		256.00		1.00		0.00		6.50		3.00		1.55		1.85																														gbh		16.0398509373		32.1218335961

		232.31				7.00		264.71		256.00		1.00		0.00		7.00		3.00		1.61		1.86

		238.96				7.50		249.71		256.00		1.00		0.00		7.50		3.00		1.68		1.88

		243.57				8.00		250.20		256.00		1.00		0.00		8.00		3.00		1.74		1.89

		244.22				8.50		253.15		256.00		1.00		0.00		8.50		3.00		1.81		1.91

		250.04				9.00		254.73		256.00		1.00		0.00		9.00		3.00		1.87		1.92

		248.22				9.50		254.72		256.00		1.00		0.00		9.50		3.00		1.94		1.94

		248.73				10.00		257.61		256.00		1.00		0.00		10.00		3.00		2.00		1.95

		264.71				10.50		256.98		256.00		1.00		0.00		10.50		3.00		2.07		1.97

		249.71				11.00		254.79		256.00		1.00		0.00		11.00		3.00		2.13		1.98

		250.20				11.50		256.33		256.00		1.00		0.00		11.50		3.00		2.20		2.00																										0.527		0.527		Fi&		0.278		0.278

		253.15				12.00		224.80		256.00		1.00		0.00		12.00		3.00		2.26		2.01																										1.912		2.214		log ji&		2.139		2.440

		254.73				12.50		226.40		256.00		1.00		0.00		12.50		3.00		2.33		2.03																										2.751		2.751		log gbh&		1.205		1.507

		254.72				13.00		227.70		256.00		1.00		0.00		13.00		3.00		2.39		2.04																										0.440		0.440		rbh&		0.657		0.509

		257.61				13.50		229.00		256.00		1.00		0.00		13.50		3.00		2.46		2.06																										0.487		0.487		log FH/Ubh&		1.522		2.552

		256.98				14.00		230.20		256.00		1.00		0.00		14.00		3.00		2.52		2.07																														Fh/Ubh&		33.302		356.444

		254.79				14.50		231.20		256.00		1.00		0.00		14.50		3.00		2.59		2.09																														Fh/Uh2&		16.833		22.055

		256.33				15.00		232.10		256.00		1.00		0.00		15.00		3.00		2.65		2.10																														logFh/Uh2&		1.226		1.343

		224.8				15.50		232.90		256.00		1.00		0.00		15.50		3.00		2.72		2.12																														log gh2&		1.019		1.074

		226.4				16.00		233.50		256.00		1.00		0.00		16.00		3.00		2.78		2.13

		227.7				16.50		234.20		256.00		1.00		0.00		16.50		3.00		2.85		2.15

		229.0				17.00		234.60		256.00		1.00		0.00		17.00		3.00		2.91		2.16

		230.2				17.50		235.00		256.00		1.00		0.00		17.50		3.00		2.98		2.18

		231.2				18.00		235.40		256.00		1.00		0.00		18.00		3.00		3.04		2.19

		232.1				18.50		235.80		256.00		1.00		0.00		18.50		3.00		3.11		2.21

		232.9				19.00		236.10		256.00		1.00		0.00		19.00		3.00		3.17		2.22

		233.5				19.50		236.40		256.00		1.00		0.00		19.50		3.00		3.24		2.24

		234.2				20.00		236.70		256.00		1.00		0.00		20.00		3.00		3.30		2.25

		234.6				20.50		237.00		256.00		1.00		0.00		20.50		3.00		3.37		2.27

		235.0				21.00		237.20		256.00		1.00		0.00		21.00		3.00		3.43		2.28

		235.4				21.50		237.30		256.00		1.00		0.00		21.50		3.00		3.50		2.30

		235.8				22.00		237.50		256.00		1.00		0.00		22.00		3.00		3.56		2.31

		236.1				22.50		237.90		256.00		1.00		0.00		22.50		3.00		3.63		2.33

		236.4				23.00		237.50		256.00		1.00		0.00		23.00		3.00		3.69		2.34

		236.7				23.50		235.90		256.00		1.00		0.00		23.50		3.00		3.76		2.36

		237.0				24.00		232.10		256.00		1.00		0.00		24.00		3.00		3.82		2.37

		237.2				24.50		226.50		256.00		1.00		0.00		24.50		3.00		3.89		2.39

		237.3				25.00		216.80		256.00		1.00		0.00		25.00		3.00		3.95		2.40

		237.5				25.50		203.30		256.00		1.00		0.00		25.50		3.00		4.02		2.42

		237.9				26.00		203.30		256.00		1.00		0.00		26.00		3.00		4.08		2.43

		237.5				26.50		203.30		256.00		1.00		0.00		26.50		3.00		4.15		2.45

		235.9				27.00		100.00		256.00		1.00		0.00		27.00		3.00		4.21		2.46

		232.1				27.50		100.00		256.00		1.00		0.00		27.50		3.00		4.28		2.48

		226.5				28.00		100.00		256.00		1.00		0.00		28.00		3.00		4.34		2.49

		216.8				28.50		100.00		256.00		1.00		0.00		28.50		3.00		4.41		2.51

		203.3				29.00		100.00		256.00		1.00		0.00		29.00		3.00		4.47		2.52

		203.3				29.50		100.00		256.00		1.00		0.00		29.50		3.00		4.54		2.54

		203.3				30.00		100.00		256.00		1.00		0.00		30.00		3.00		4.60		2.55

						30.50		100.00		256.00		1.00		0.00		30.50		3.00		4.67		2.57

						31.00		100.00		256.00		1.00		0.00		31.00		3.00		4.73		2.58

						31.50		100.00		256.00		1.00		0.00		31.50		3.00		4.80		2.60

						32.00		100.00		256.00		1.00		0.00		32.00		3.00		4.86		2.61

						32.50		100.00		256.00		1.00		0.00		32.50		3.00		4.93		2.63

						33.00		100.00		256.00		1.00		0.00		33.00		3.00		4.99		2.64

						33.50		100.00		256.00		1.00		0.00		33.50		3.00		5.06		2.66

						34.00		100.00		256.00		1.00		0.00		34.00		3.00		5.12		2.67

						34.50		100.00		256.00		1.00		0.00		34.50		3.00		5.19		2.69

						35.00		100.00		256.00		1.00		0.00		35.00		3.00		5.25		2.70

						35.50		100.00		256.00		1.00		0.00		35.50		3.00		5.32		2.72

						36.00		100.00		256.00		1.00		0.00		36.00		3.00		5.38		2.73

						36.50		100.00		256.00		1.00		0.00		36.50		3.00		5.45		2.75

						37.00		100.00		256.00		1.00		0.00		37.00		3.00		5.51		2.76

						37.50		100.00		256.00		1.00		0.00		37.50		3.00		5.58		2.78

						38.00		100.00		256.00		1.00		0.00		38.00		3.00		5.64		2.79

						38.50		100.00		256.00		1.00		0.00		38.50		3.00		5.71		2.81

						39.00		100.00		256.00		1.00		0.00		39.00		3.00		5.77		2.82

						39.50		100.00		256.00		1.00		0.00		39.50		3.00		5.84		2.84

						40.00		100.00		256.00		1.00		0.00		40.00		3.00		5.90		2.85

						40.50		100.00		256.00		1.00		0.00		40.50		3.00		5.97		2.87

						41.00		100.00		256.00		1.00		0.00		41.00		3.00		6.03		2.88

						41.50		100.00		256.00		1.00		0.00		41.50		3.00		6.10		2.90

						42.00		100.00		256.00		1.00		0.00		42.00		3.00		6.16		2.91

						42.50		100.00		256.00		1.00		0.00		42.50		3.00		6.23		2.93

						43.00		100.00		256.00		1.00		0.00		43.00		3.00		6.29		2.94

						43.50		100.00		256.00		1.00		0.00		43.50		3.00		6.36		2.96

						44.00		100.00		256.00		1.00		0.00		44.00		3.00		6.42		2.97

						44.50		100.00		256.00		1.00		0.00		44.50		3.00		6.49		2.99

						45.00		100.00		256.00		1.00		0.00		45.00		3.00		6.55		3.00

						45.50		100.00		256.00		1.00		0.00		45.50		3.00		6.62		3.02

						46.00		100.00		256.00		1.00		0.00		46.00		3.00		6.68		3.03

						46.50		100.00		256.00		1.00		0.00		46.50		3.00		6.75		3.05

						47.00		100.00		256.00		1.00		0.00		47.00		3.00		6.81		3.06

						47.50		100.00		256.00		1.00		0.00		47.50		3.00		6.88		3.08

						48.00		100.00		256.00		1.00		0.00		48.00		3.00		6.94		3.09

						48.50		100.00		256.00		1.00		0.00		48.50		3.00		7.01		3.11

						49.00		100.00		256.00		1.00		0.00		49.00		3.00		7.07		3.12

						49.50		100.00		256.00		1.00		0.00		49.50		3.00		7.14		3.14

						50.00		100.00		256.00		1.00		0.00		50.00		3.00		7.20		3.15

						50.50		100.00		256.00		1.00		0.00		50.50		3.00		7.27		3.17

						51.00		100.00		256.00		1.00		0.00		51.00		3.00		7.33		3.18

						51.50		100.00		256.00		1.00		0.00		51.50		3.00		7.40		3.20

						52.00		100.00		256.00		1.00		0.00		52.00		3.00		7.46		3.21

						52.50		100.00		256.00		1.00		0.00		52.50		3.00		7.53		3.23

						53.00		100.00		256.00		1.00		0.00		53.00		3.00		7.59		3.24

						53.50		100.00		256.00		1.00		0.00		53.50		3.00		7.66		3.26

						54.00		100.00		256.00		1.00		0.00		54.00		3.00		7.72		3.27

						54.50		100.00		256.00		1.00		0.00		54.50		3.00		7.79		3.29

						55.00		100.00		256.00		1.00		0.00		55.00		3.00		7.85		3.30

						55.50		100.00		256.00		1.00		0.00		55.50		3.00		7.92		3.32

						56.00		100.00		256.00		1.00		0.00		56.00		3.00		7.98		3.33

						56.50		100.00		256.00		1.00		0.00		56.50		3.00		8.05		3.35

						57.00		100.00		256.00		1.00		0.00		57.00		3.00		8.11		3.36

						57.50		100.00		256.00		1.00		0.00		57.50		3.00		8.18		3.38

						58.00		100.00		256.00		1.00		0.00		58.00		3.00		8.24		3.39

						58.50		100.00		256.00		1.00		0.00		58.50		3.00		8.31		3.41

						59.00		100.00		256.00		1.00		0.00		59.00		3.00		8.37		3.42

						59.50		100.00		256.00		1.00		0.00		59.50		3.00		8.44		3.44

						60.00		100.00		256.00		1.00		0.00		60.00		3.00		8.50		3.45

						60.50		100.00		256.00		1.00		0.00		60.50		3.00		8.57		3.47

						61.00		100.00		256.00		1.00		0.00		61.00		3.00		8.63		3.48

						61.50		100.00		256.00		1.00		0.00		61.50		3.00		8.70		3.50

						62.00		100.00		256.00		1.00		0.00		62.00		3.00		8.76		3.51

						62.50		100.00		256.00		1.00		0.00		62.50		3.00		8.83		3.53
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mancool

		IT		RT		TIME		TEMP		TEMP1		RT-TEMP		LOG(RT-TEMP)		Time again		3-LOG(RT-TEMP)		FH LINE		F2 LINE		X OF F2		Y OF F2		X OF FH		Y OF FH		J		FH		F2		XBH		SLOPE FH		SLOPE F2		IT		RT		which calc to use						R sq f2

		76.71		250.50		0.00		76.71		76.71		173.79		2.24		0.00		0.76		0.51		3.00		20.00		3.00		10.00		2.31		0.87		5.55		simpleminds		simpleminds		0.18		0.00		76.71		250.50		we're not broken today, man						0.956544512

		CUT		time inc		0.50		73.41		73.41		177.09		2.25		0.50		0.75		0.60		3.00		50.00		3.00		50.00		9.52		1.80		noncorr j		regression ongoing		gbh		simpleminds		gbh temp		simpleminds		straight		CUT=		3.00		broken with fc=fh						broken but fc=f2

		3.00		0.50		1.00		75.32		75.32		175.18		2.24		1.00		0.76		0.69		3.00		manual below regression above								tc		company		product		proc sys		can		run/test		R squared-fh				corr j		noncorr j				corr j		noncorr j				corr j		noncorr j

		CORRECTED				1.50		86.00		86.00		164.50		2.22		1.50		0.78		0.78		3.00		calcXofF2		calcYofF2		X OF FH		Y OF FH		3		amy's kitch		chili tofu		rotomat		300x407				0.9829366535		j		0.87		1.80		j		0.87		1.80		j&		0.87		1.80

		CUT		close to RT		2.00		104.27		104.27		146.23		2.17		2.00		0.83		0.87		3.00		20.00		3.00		10.00		0.78																Fh		5.55		5.55		Fh		5.55		5.55		Fh&		5.55		5.55

		1.74		n		2.50		131.04		131.04		119.46		2.08		2.50		0.92		0.96		3.00		50.00		3.00		20.00		1.18																RT		265.00		265.00		F2		simpleminds		simpleminds		F2&		simpleminds		simpleminds

				temp for n		3.00		156.25		156.25		94.25		1.97		3.00		1.03		1.05		3.00		r		manual or regression {m/r}																				IT		100.00		100.00		Xbh		simpleminds		simpleminds		Xbh&		simpleminds		simpleminds

				100		3.50		179.12		179.12		71.38		1.85		3.50		1.15		1.14		3.00		enter here if breaking it or not (yes/no)																						Fo		7.50		7.50		RT		250		250		RT&		265		265

				timerestrict y/n		4.00		190.64		190.64		59.86		1.78		4.00		1.22		1.23		3.00		broken yes/no				enterXofF2		enterYofF2																						IT		100		100		IT&		100		100

				y		4.50		203.26		203.26		47.24		1.67		4.50		1.33		1.32		3.00		no				20.00		0.90																						Fo		7.50		7.50		Fo&		7.50		7.50

				12.00		5.00		215.81		215.81		34.69		1.54		5.00		1.46		1.41		3.00						50.00		3.40

		time		enter temp below		5.50		221.20		221.20		29.30		1.47		5.50		1.53		1.50		3.00																								Bb		7.84		9.58		Bb		0.00		0.00		Bb		0.00		0.00

		0.00		76.71		6.00		227.24		227.24		23.26		1.37		6.00		1.63		1.59		3.00

		0.50		73.41		6.50		229.66		229.66		20.84		1.32		6.50		1.68		1.68		3.00																										0.147		0.147		Fi&		1.000		1.000		Fi&		0.147		0.147

		1.00		75.32		7.00		233.00		233.00		17.50		1.24		7.00		1.76		1.77		3.00																										2.159		2.472		log ji&		2.117		2.431		log ji&		2.159		2.472

		1.50		86.00		7.50		236.00		236.00		14.50		1.16		7.50		1.84		1.86		3.00																										5.037		5.037		log gbh&		0.000		0.000		log gbh&		0.000		0.000

		2.00		104.27		8.00		240.00		240.00		10.50		1.02		8.00		1.98		1.95		3.00																										0.702		0.702		rbh&		0.000		0.000		rbh&		0.000		0.000

		2.50		131.04		8.50		240.90		240.90		9.60		0.98		8.50		2.02		2.04		3.00																										0.745		0.745		log FH/Ubh&		0.000		0.000		log FH/Ubh&		0.000		0.000

		3.00		156.25		9.00		242.80		242.80		7.70		0.89		9.00		2.11		2.13		3.00																														Fh/Ubh&		0.000		0.000		Fh/Ubh&		0.000		0.000

		3.50		179.12		9.50		244.10		244.10		6.40		0.81		9.50		2.19		2.22		3.00																														Fh/Uh2&		0.000		0.000		Fh/Uh2&		0.000		0.000

		4.00		190.64		10.00		245.50		245.50		5.00		0.70		10.00		2.30		2.31		3.00										note: the TC numbers above may not correspond with the actual tc numbers-the data has been "cleaned" up prior to use here.  Use IT value to match up																				logFh/Uh2&		0.000		0.000		logFh/Uh2&		0.000		0.000

		4.50		203.26		10.50		246.70		246.70		3.80		0.58		10.50		2.42		2.40		3.00										process time 4 calc				[x1,y1], [x2,y2] coordinates		1/fh		2/fh		1/f2		2/f2								log gh2&		0.000		0.000		log gh2&		0.000		0.000

		5.00		215.81		11.00		247.30		247.30		3.20		0.51		11.00		2.49		2.49		3.00										12		use me , use me		regression 1 x		10.00		50.00		20.00		50.00								gbh		0		0		gbh		0		0

		5.50		221.20		11.50		248.30		248.30		2.20		0.34		11.50		2.66		2.58		3.00												use me , use me		regression 2 y		2.31		9.52		3.00		3.00

		6.00		227.24		12.00		248.80		248.80		1.70		0.23		12.00		2.77		2.67		3.00												0		manual 1		10.00		20.00		20.00		50.00

		6.50		229.66		12.50		135.33		249.50		1.00		0.00		12.50		3.00		2.76		3.00												0		manual 2		0.78		1.18		3.00		3.00

		7.00		233.00		13.00		137.50		249.50		1.00		0.00		13.00		3.00		2.85		3.00

		7.50		236.00		13.50		139.47		249.50		1.00		0.00		13.50		3.00		2.94		3.00

		8.00		240.00		14.00		141.67		249.50		1.00		0.00		14.00		3.00		3.03		3.00		regression for fh

		8.50		240.90		14.50		143.75		249.50		1.00		0.00		14.50		3.00		3.12		3.00		SUMMARY OUTPUT

		9.00		242.80		15.00		146.16		249.50		1.00		0.00		15.00		3.00		3.21		3.00

		9.50		244.10		15.50		148.42		249.50		1.00		0.00		15.50		3.00		3.30		3.00		Regression Statistics

		10.00		245.50		16.00		150.89		249.50		1.00		0.00		16.00		3.00		3.39		3.00		Multiple R		0.9914316182

		10.50		246.70		16.50		153.24		249.50		1.00		0.00		16.50		3.00		3.48		3.00		R Square		0.9829366535

		11.00		247.30		17.00		155.30		249.50		1.00		0.00		17.00		3.00		3.57		3.00		Adjusted R Square		0.9819329272

		11.50		248.30		17.50		157.72		249.50		1.00		0.00		17.50		3.00		3.66		3.00		Standard Error		0.0687926539

		12.00		248.80		18.00		159.82		249.50		1.00		0.00		18.00		3.00		3.75		3.00		Observations		19

		12.50		135.33		18.50		162.21		249.50		1.00		0.00		18.50		3.00		3.84		3.00

		13.00		137.50		19.00		164.52		249.50		1.00		0.00		19.00		3.00		3.93		3.00		ANOVA

		13.50		139.47		19.50		166.91		249.50		1.00		0.00		19.50		3.00		4.02		3.00				df		SS		MS		F		Significance F

		14.00		141.67		20.00		168.99		249.50		1.00		0.00		20.00		3.00		4.11		3.00		Regression		1		4.63440911		4.63440911		979.28756706		1.80392971772911E-16

		14.50		143.75		20.50		171.53		249.50		1.00		0.00		20.50		3.00		4.20		3.00		Residual		17		0.080451297		0.0047324292

		15.00		146.16		21.00		173.74		249.50		1.00		0.00		21.00		3.00		4.29		3.00		Total		18		4.7148604069

		15.50		148.42		21.50		176.16		249.50		1.00		0.00		21.50		3.00		4.38		3.00

		16.00		150.89		22.00		178.32		249.50		1.00		0.00		22.00		3.00		4.47		3.00				Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

		16.50		153.24		22.50		180.60		249.50		1.00		0.00		22.50		3.00		4.56		3.00		Intercept		0.5051476097		0.046012383		10.978514396		0.0000000039		0.4080698316		0.6022253878		0.4080698316		0.6022253878

		17.00		155.30		23.00		182.91		249.50		1.00		0.00		23.00		3.00		4.65		3.00		X Variable 1		0.1803390396		0.0057628144		31.2935706985		1.80392971772919E-16		0.168180547		0.1924975321		0.168180547		0.1924975321

		17.50		157.72		23.50		185.12		249.50		1.00		0.00		23.50		3.00		4.74		3.00

		18.00		159.82		24.00		187.34		249.50		1.00		0.00		24.00		3.00		4.83		3.00

		18.50		162.21		24.50		189.55		249.50		1.00		0.00		24.50		3.00		4.92		3.00

		19.00		164.52		25.00		191.83		249.50		1.00		0.00		25.00		3.00		5.01		3.00		regression for f2

		19.50		166.91		25.50		193.90		249.50		1.00		0.00		25.50		3.00		5.10		3.00		SUMMARY OUTPUT

		20.00		168.99		26.00		196.00		249.50		1.00		0.00		26.00		3.00		5.19		3.00

		20.50		171.53		26.50		197.88		249.50		1.00		0.00		26.50		3.00		5.28		3.00		Regression Statistics

		21.00		173.74		27.00		199.73		249.50		1.00		0.00		27.00		3.00		5.37		3.00		Multiple R		0.9780309361

		21.50		176.16		27.50		201.47		249.50		1.00		0.00		27.50		3.00		5.46		3.00		R Square		0.956544512

		22.00		178.32		28.00		203.04		249.50		1.00		0.00		28.00		3.00		5.55		3.00		Adjusted R Square		0.9545692625

		22.50		180.60		28.50		204.58		249.50		1.00		0.00		28.50		3.00		5.64		3.00		Standard Error		0.0210098133

		23.00		182.91		29.00		206.24		249.50		1.00		0.00		29.00		3.00		5.73		3.00		Observations		24

		23.50		185.12		29.50		207.77		249.50		1.00		0.00		29.50		3.00		5.83		3.00

		24.00		187.34		30.00		209.25		249.50		1.00		0.00		30.00		3.00		5.92		3.00		ANOVA

		24.50		189.55		30.50		210.65		249.50		1.00		0.00		30.50		3.00		6.01		3.00				df		SS		MS		F		Significance F

		25.00		191.83		31.00		212.02		249.50		1.00		0.00		31.00		3.00		6.10		3.00		Regression		1		0.2137605798		0.2137605798		484.2651694943		1.7910801949898E-16

		25.50		193.90		31.50		213.45		249.50		1.00		0.00		31.50		3.00		6.19		3.00		Residual		22		0.0097110696		0.0004414123

		26.00		196.00		32.00		214.77		249.50		1.00		0.00		32.00		3.00		6.28		3.00		Total		23		0.2234716494

		26.50		197.88		32.50		216.08		249.50		1.00		0.00		32.50		3.00		6.37		3.00

		27.00		199.73		33.00		217.29		249.50		1.00		0.00		33.00		3.00		6.46		3.00				Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%		Upper 95.0%

		27.50		201.47		33.50		218.34		249.50		1.00		0.00		33.50		3.00		6.55		3.00		Intercept		0.8846008805		0.0531444703		16.6452102314		0		0.7743858766		0.9948158845		0.7743858766		0.9948158845		1.5342535133

		28.00		203.04		34.00		219.53		249.50		1.00		0.00		34.00		3.00		6.64		3.00		X Variable 1		0.0272674726		0.0012390912		22.0060257542		1.79108019498828E-16		0.024697752		0.0298371932		0.024697752		0.0298371932		0.0554883869

		28.50		204.58		34.50		220.64		249.50		1.00		0.00		34.50		3.00		6.73		3.00

		29.00		206.24		35.00		221.76		249.50		1.00		0.00		35.00		3.00		6.82		3.00

		29.50		207.77		35.50		222.64		249.50		1.00		0.00		35.50		3.00		6.91		3.00

		30.00		209.25		36.00		223.58		249.50		1.00		0.00		36.00		3.00		7.00		3.00

		30.50		210.65		36.50		224.90		249.50		1.00		0.00		36.50		3.00		7.09		3.00

		31.00		212.02		37.00		225.79		249.50		1.00		0.00		37.00		3.00		7.18		3.00

		31.50		213.45		37.50		226.77		249.50		1.00		0.00		37.50		3.00		7.27		3.00

		32.00		214.77		38.00		227.59		249.50		1.00		0.00		38.00		3.00		7.36		3.00

		32.50		216.08		38.50		228.54		249.50		1.00		0.00		38.50		3.00		7.45		3.00

		33.00		217.29		39.00		229.37		249.50		1.00		0.00		39.00		3.00		7.54		3.00

		33.50		218.34		39.50		230.19		249.50		1.00		0.00		39.50		3.00		7.63		3.00

		34.00		219.53		40.00		230.95		249.50		1.00		0.00		40.00		3.00		7.72		3.00

		34.50		220.64		40.50		231.57		249.50		1.00		0.00		40.50		3.00		7.81		3.00

		35.00		221.76		41.00		232.33		249.50		1.00		0.00		41.00		3.00		7.90		3.00

		35.50		222.64		41.50		233.05		249.50		1.00		0.00		41.50		3.00		7.99		3.00

		36.00		223.58		42.00		233.73		249.50		1.00		0.00		42.00		3.00		8.08		3.00

		36.50		224.90		42.50		234.40		249.50		1.00		0.00		42.50		3.00		8.17		3.00

		37.00		225.79		43.00		235.14		249.50		1.00		0.00		43.00		3.00		8.26		3.00

		37.50		226.77		43.50		235.82		249.50		1.00		0.00		43.50		3.00		8.35		3.00

		38.00		227.59		44.00		236.37		249.50		1.00		0.00		44.00		3.00		8.44		3.00

		38.50		228.54		44.50		236.99		249.50		1.00		0.00		44.50		3.00		8.53		3.00

		39.00		229.37		45.00		237.54		249.50		1.00		0.00		45.00		3.00		8.62		3.00

		39.50		230.19		45.50		238.16		249.50		1.00		0.00		45.50		3.00		8.71		3.00

		40.00		230.95		46.00		238.66		249.50		1.00		0.00		46.00		3.00		8.80		3.00

		40.50		231.57		46.50		239.11		249.50		1.00		0.00		46.50		3.00		8.89		3.00

		41.00		232.33		47.00		239.58		249.50		1.00		0.00		47.00		3.00		8.98		3.00

		41.50		233.05		47.50		240.17		249.50		1.00		0.00		47.50		3.00		9.07		3.00

		42.00		233.73		48.00		240.64		249.50		1.00		0.00		48.00		3.00		9.16		3.00

		42.50		234.40		48.50		241.09		249.50		1.00		0.00		48.50		3.00		9.25		3.00

		43.00		235.14		49.00		241.57		249.50		1.00		0.00		49.00		3.00		9.34		3.00

		43.50		235.82		49.50		242.01		249.50		1.00		0.00		49.50		3.00		9.43		3.00

		44.00		236.37		50.00		242.38		249.50		1.00		0.00		50.00		3.00		9.52		3.00

		44.50		236.99		50.50		242.77		249.50		1.00		0.00		50.50		3.00		9.61		3.00

		45.00		237.54		51.00		243.18		249.50		1.00		0.00		51.00		3.00		9.70		3.00

		45.50		238.16		51.50		243.59		249.50		1.00		0.00		51.50		3.00		9.79		3.00

		46.00		238.66		52.00		243.97		249.50		1.00		0.00		52.00		3.00		9.88		3.00

		46.50		239.11		52.50		244.32		249.50		1.00		0.00		52.50		3.00		9.97		3.00

		47.00		239.58		53.00		244.70		249.50		1.00		0.00		53.00		3.00		10.06		3.00

		47.50		240.17		53.50		244.97		249.50		1.00		0.00		53.50		3.00		10.15		3.00

		48.00		240.64		54.00		245.42		249.50		1.00		0.00		54.00		3.00		10.24		3.00

		48.50		241.09		54.50		245.75		249.50		1.00		0.00		54.50		3.00		10.33		3.00

		49.00		241.57		55.00		246.10		249.50		1.00		0.00		55.00		3.00		10.42		3.00

		49.50		242.01		55.50		246.34		249.50		1.00		0.00		55.50		3.00		10.51		3.00

		50.00		242.38		56.00		246.60		249.50		1.00		0.00		56.00		3.00		10.60		3.00

		50.50		242.77		56.50		248.09		249.50		1.00		0.00		56.50		3.00		10.69		3.00

		51.00		243.18		57.00		248.05		249.50		1.00		0.00		57.00		3.00		10.78		3.00

		51.50		243.59		57.50		248.17		249.50		1.00		0.00		57.50		3.00		10.87		3.00

		52.00		243.97		58.00		248.21		249.50		1.00		0.00		58.00		3.00		10.96		3.00

		52.50		244.32		58.50		248.35		249.50		1.00		0.00		58.50		3.00		11.05		3.00

		53.00		244.70		59.00		248.38		249.50		1.00		0.00		59.00		3.00		11.15		3.00

		53.50		244.97		59.50		248.43		249.50		1.00		0.00		59.50		3.00		11.24		3.00

		54.00		245.42		60.00		248.42		249.50		1.00		0.00		60.00		3.00		11.33		3.00

		54.50		245.75		60.50		248.53		249.50		1.00		0.00		60.50		3.00		11.42		3.00

		55.00		246.10		61.00		248.52		249.50		1.00		0.00		61.00		3.00		11.51		3.00

		55.50		246.34		61.50		248.57		249.50		1.00		0.00		61.50		3.00		11.60		3.00

		56.00		246.60		62.00		248.58		249.50		1.00		0.00		62.00		3.00		11.69		3.00

		56.50		248.09		62.50		255.87		249.50		1.00		0.00		62.50		3.00		11.78		3.00

		57.00		248.05		63.00		256.16		249.50		1.00		0.00		63.00		3.00		11.87		3.00

		57.50		248.17		63.50		256.41		249.50		1.00		0.00		63.50		3.00		11.96		3.00

		58.00		248.21		64.00		256.67		249.50		1.00		0.00		64.00		3.00		12.05		3.00

		58.50		248.35		64.50		256.91		249.50		1.00		0.00		64.50		3.00		12.14		3.00

		59.00		248.38		65.00		257.01		249.50		1.00		0.00		65.00		3.00		12.23		3.00

		59.50		248.43		65.50		257.16		249.50		1.00		0.00		65.50		3.00		12.32		3.00

		60.00		248.42		66.00		257.39		249.50		1.00		0.00		66.00		3.00		12.41		3.00

		60.50		248.53		66.50		257.62		249.50		1.00		0.00		66.50		3.00		12.50		3.00

		61.00		248.52		67.00		257.82		249.50		1.00		0.00		67.00		3.00		12.59		3.00

		61.50		248.57		67.50		258.01		249.50		1.00		0.00		67.50		3.00		12.68		3.00

		62.00		248.58		68.00		258.25		249.50		1.00		0.00		68.00		3.00		12.77		3.00

		62.50		255.87		68.50		258.48		249.50		1.00		0.00		68.50		3.00		12.86		3.00

		63.00		256.16		69.00		258.69		249.50		1.00		0.00		69.00		3.00		12.95		3.00

		63.50		256.41		69.50		258.84		249.50		1.00		0.00		69.50		3.00		13.04		3.00

		64.00		256.67		70.00		259.03		249.50		1.00		0.00		70.00		3.00		13.13		3.00

		64.50		256.91		70.50		259.19		249.50		1.00		0.00		70.50		3.00		13.22		3.00

		65.00		257.01		71.00		259.33		249.50		1.00		0.00		71.00		3.00		13.31		3.00

		65.50		257.16		71.50		259.56		249.50		1.00		0.00		71.50		3.00		13.40		3.00

		66.00		257.39		72.00		259.74		249.50		1.00		0.00		72.00		3.00		13.49		3.00

		66.50		257.62		72.50		259.94		249.50		1.00		0.00		72.50		3.00		13.58		3.00

		67.00		257.82		73.00		260.06		249.50		1.00		0.00		73.00		3.00		13.67		3.00

		67.50		258.01		73.50		260.31		249.50		1.00		0.00		73.50		3.00		13.76		3.00

		68.00		258.25		74.00		260.47		249.50		1.00		0.00		74.00		3.00		13.85		3.00

		68.50		258.48		74.50		260.66		249.50		1.00		0.00		74.50		3.00		13.94		3.00

		69.00		258.69		75.00		260.70		249.50		1.00		0.00		75.00		3.00		14.03		3.00

		69.50		258.84		75.50		260.95		249.50		1.00		0.00		75.50		3.00		14.12		3.00

		70.00		259.03		76.00		261.14		249.50		1.00		0.00		76.00		3.00		14.21		3.00

		70.50		259.19		76.50		261.26		249.50		1.00		0.00		76.50		3.00		14.30		3.00

		71.00		259.33		77.00		261.44		249.50		1.00		0.00		77.00		3.00		14.39		3.00

		71.50		259.56		77.50		261.58		249.50		1.00		0.00		77.50		3.00		14.48		3.00

		72.00		259.74		78.00		261.60		249.50		1.00		0.00		78.00		3.00		14.57		3.00

		72.50		259.94		78.50		261.80		249.50		1.00		0.00		78.50		3.00		14.66		3.00

		73.00		260.06		79.00		261.98		249.50		1.00		0.00		79.00		3.00		14.75		3.00

		73.50		260.31		79.50		262.08		249.50		1.00		0.00		79.50		3.00		14.84		3.00

		74.00		260.47		80.00		262.18		249.50		1.00		0.00		80.00		3.00		14.93		3.00

		74.50		260.66		80.50		262.29		249.50		1.00		0.00		80.50		3.00		15.02		3.00

		75.00		260.70		81.00		262.37		249.50		1.00		0.00		81.00		3.00		15.11		3.00

		75.50		260.95		81.50		262.44		249.50		1.00		0.00		81.50		3.00		15.20		3.00

		76.00		261.14		82.00		262.57		249.50		1.00		0.00		82.00		3.00		15.29		3.00

		76.50		261.26		82.50		262.66		249.50		1.00		0.00		82.50		3.00		15.38		3.00

		77.00		261.44		83.00		262.79		249.50		1.00		0.00		83.00		3.00		15.47		3.00

		77.50		261.58		83.50		258.88		249.50		1.00		0.00		83.50		3.00		15.56		3.00

		78.00		261.60		84.00		258.77		249.50		1.00		0.00		84.00		3.00		15.65		3.00

		78.50		261.80		84.50		258.33		249.50		1.00		0.00		84.50		3.00		15.74		3.00

		79.00		261.98		85.00		260.04		249.50		1.00		0.00		85.00		3.00		15.83		3.00

		79.50		262.08		85.50		259.93		249.50		1.00		0.00		85.50		3.00		15.92		3.00

		80.00		262.18		86.00		259.17		249.50		1.00		0.00		86.00		3.00		16.01		3.00

		80.50		262.29		86.50		259.43		249.50		1.00		0.00		86.50		3.00		16.10		3.00

		81.00		262.37		87.00		259.68		249.50		1.00		0.00		87.00		3.00		16.19		3.00

		81.50		262.44		87.50		259.68		249.50		1.00		0.00		87.50		3.00		16.28		3.00

		82.00		262.57		88.00		259.00		249.50		1.00		0.00		88.00		3.00		16.37		3.00

		82.50		262.66		88.50		259.69		249.50		1.00		0.00		88.50		3.00		16.47		3.00

		83.00		262.79		89.00		259.95		249.50		1.00		0.00		89.00		3.00		16.56		3.00

		83.50		258.88		89.50		260.10		249.50		1.00		0.00		89.50		3.00		16.65		3.00

		84.00		258.77		90.00		259.09		249.50		1.00		0.00		90.00		3.00		16.74		3.00

		84.50		258.33		90.50		264.62		249.50		1.00		0.00		90.50		3.00		16.83		3.00

		85.00		260.04		91.00		260.40		249.50		1.00		0.00		91.00		3.00		16.92		3.00

		85.50		259.93		91.50		259.42		249.50		1.00		0.00		91.50		3.00		17.01		3.00

		86.00		259.17		92.00		261.27		249.50		1.00		0.00		92.00		3.00		17.10		3.00

		86.50		259.43		92.50		262.85		249.50		1.00		0.00		92.50		3.00		17.19		3.00

		87.00		259.68		93.00		262.71		249.50		1.00		0.00		93.00		3.00		17.28		3.00

		87.50		259.68		93.50		260.84		249.50		1.00		0.00		93.50		3.00		17.37		3.00

		88.00		259.00		94.00		260.91		249.50		1.00		0.00		94.00		3.00		17.46		3.00

		88.50		259.69		94.50		261.62		249.50		1.00		0.00		94.50		3.00		17.55		3.00

		89.00		259.95		95.00		261.39		249.50		1.00		0.00		95.00		3.00		17.64		3.00

		89.50		260.10		95.50		260.30		249.50		1.00		0.00		95.50		3.00		17.73		3.00

		90.00		259.09		96.00		261.09		249.50		1.00		0.00		96.00		3.00		17.82		3.00

		90.50		264.62		96.50		261.50		249.50		1.00		0.00		96.50		3.00		17.91		3.00

		91.00		260.40		97.00		261.27		249.50		1.00		0.00		97.00		3.00		18.00		3.00

		91.50		259.42		97.50		261.31		249.50		1.00		0.00		97.50		3.00		18.09		3.00

		92.00		261.27		98.00		261.54		249.50		1.00		0.00		98.00		3.00		18.18		3.00

		92.50		262.85		98.50		261.34		249.50		1.00		0.00		98.50		3.00		18.27		3.00

		93.00		262.71		99.00		260.93		249.50		1.00		0.00		99.00		3.00		18.36		3.00

		93.50		260.84		99.50		261.64		249.50		1.00		0.00		99.50		3.00		18.45		3.00

		94.00		260.91		100.00		263.34		249.50		1.00		0.00		100.00		3.00		18.54		3.00

		94.50		261.62		100.50		100.00		249.50		1.00		0.00		100.50		3.00		18.63		3.00

		95.00		261.39		101.00		100.00		249.50		1.00		0.00		101.00		3.00		18.72		3.00

		95.50		260.30		101.50		100.00		249.50		1.00		0.00		101.50		3.00		18.81		3.00

		96.00		261.09		102.00		100.00		249.50		1.00		0.00		102.00		3.00		18.90		3.00

		96.50		261.50

		97.00		261.27

		97.50		261.31

		98.00		261.54

		98.50		261.34

		99.00		260.93

		99.50		261.64

		100.00		263.34
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		IT		RT		TIME		TEMP		RT-TEMP		LOG(RT-TEMP)		Time again		3-LOG(RT-TEMP)		FH LINE		F2 LINE		X OF F2		Y OF F2		X OF FH		Y OF FH		J		FH		F2		XBH		SLOPE FH		SLOPE F2

		238.30		46.00		0		238.3		192.30		2.28		0.00		0.72		0.67		2.00		60.00		2.00		2.00		0.78		-1.11		18.52		0.00		24.59		0.05		0.00

		CUT		inc		1		232.0		186.00		2.27		1.00		0.73		0.73		2.00		100.00		2.00		7.00		1.05		run		st25016		tc		1.00

		0.00		1.00		2		218.9		172.90		2.24		2.00		0.76		0.78		2.00

		CORRECTED				3		201.0		155.00		2.19		3.00		0.81		0.83		2.00								tc		company		product		proc sys		can		run

		CUT				4		182.7		136.70		2.14		4.00		0.86		0.89		2.00								4		keeping/mackay		lobster		still		307x113		2

		0.00				5		167.3		121.30		2.08		5.00		0.92		0.94		2.00

						6		153.5		107.50		2.03		6.00		0.97		1.00		2.00

						7		141.7		95.70		1.98		7.00		1.02		1.05		2.00

		start				8		195.0		149.00		2.17		8.00		0.83		1.10		2.00

		238.1				9		170.0		124.00		2.09		9.00		0.91		1.16		2.00

		238.2				10		150.0		104.00		2.02		10.00		0.98		1.21		2.00

		236.5				11		120.0		74.00		1.87		11.00		1.13		1.27		2.00

		229.5				12		100.0		54.00		1.73		12.00		1.27		1.32		2.00

		220.9				13		225.9		179.89		2.26		13.00		0.74		1.37		2.00

		204.1				14		224.7		178.67		2.25		14.00		0.75		1.43		2.00

		188.6				15		223.5		177.46		2.25		15.00		0.75		1.48		2.00

		175.2				16		222.2		176.24		2.25		16.00		0.75		1.54		2.00

						17		221.0		175.01		2.24		17.00		0.76		1.59		2.00

						18		220.0		173.97		2.24		18.00		0.76		1.64		2.00

						19		216.9		170.94		2.23		19.00		0.77		1.70		2.00

						20		214.2		168.16		2.23		20.00		0.77		1.75		2.00

						21		212.0		166.00		2.22		21.00		0.78		1.81		2.00

						22		210.8		164.77		2.22		22.00		0.78		1.86		2.00

						23		210.0		164.02		2.21		23.00		0.79		1.91		2.00

						24		209.0		163.00		2.21		24.00		0.79		1.97		2.00

						25		206.4		160.43		2.21		25.00		0.79		2.02		2.00

						26		204.8		158.82		2.20		26.00		0.80		2.08		2.00

						27				46.00		1.66		27.00		1.66		2.13		2.00

						28				46.00		1.66		28.00		1.66		2.18		2.00

						29				46.00		1.66		29.00		1.66		2.24		2.00

						30				46.00		1.66		30.00		1.66		2.29		2.00

						31				46.00		1.66		31.00		1.66		2.35		2.00

						32				46.00		1.66		32.00		1.66		2.40		2.00

						33				46.00		1.66		33.00		1.66		2.45		2.00

						34				46.00		1.66		34.00		1.66		2.51		2.00

						35				46.00		1.66		35.00		1.66		2.56		2.00

						36				46.00		1.66		36.00		1.66		2.62		2.00

						37				46.00		1.66		37.00		1.66		2.67		2.00

						38				46.00		1.66		38.00		1.66		2.72		2.00

						39				46.00		1.66		39.00		1.66		2.78		2.00

						40				46.00		1.66		40.00		1.66		2.83		2.00

						41				46.00		1.66		41.00		1.66		2.89		2.00

						42				46.00		1.66		42.00		1.66		2.94		2.00

						43				46.00		1.66		43.00		1.66		2.99		2.00

						44				46.00		1.66		44.00		1.66		3.05		2.00

						45				46.00		1.66		45.00		1.66		3.10		2.00

						46				46.00		1.66		46.00		1.66		3.16		2.00

						47				46.00		1.66		47.00		1.66		3.21		2.00

						48				46.00		1.66		48.00		1.66		3.26		2.00

						49				46.00		1.66		49.00		1.66		3.32		2.00

						50				46.00		1.66		50.00		1.66		3.37		2.00

						51				46.00		1.66		51.00		1.66		3.43		2.00

						52				46.00		1.66		52.00		1.66		3.48		2.00

						53				46.00		1.66		53.00		1.66		3.53		2.00

						54				46.00		1.66		54.00		1.66		3.59		2.00

						55				46.00		1.66		55.00		1.66		3.64		2.00

						56				46.00		1.66		56.00		1.66		3.70		2.00

						57				46.00		1.66		57.00		1.66		3.75		2.00

						58				46.00		1.66		58.00		1.66		3.80		2.00

						59				46.00		1.66		59.00		1.66		3.86		2.00

						60				46.00		1.66		60.00		1.66		3.91		2.00

						61				46.00		1.66		61.00		1.66		3.97		2.00

						62				46.00		1.66		62.00		1.66		4.02		2.00

						63				46.00		1.66		63.00		1.66		4.07		2.00

						64				46.00		1.66		64.00		1.66		4.13		2.00

						65				46.00		1.66		65.00		1.66		4.18		2.00

						66				46.00		1.66		66.00		1.66		4.24		2.00

						67				46.00		1.66		67.00		1.66		4.29		2.00

						68				46.00		1.66		68.00		1.66		4.34		2.00

						69				46.00		1.66		69.00		1.66		4.40		2.00

						70				46.00		1.66		70.00		1.66		4.45		2.00

						71				46.00		1.66		71.00		1.66		4.51		2.00

						72				46.00		1.66		72.00		1.66		4.56		2.00

						73				46.00		1.66		73.00		1.66		4.61		2.00

						74				46.00		1.66		74.00		1.66		4.67		2.00

						75				46.00		1.66		75.00		1.66		4.72		2.00

						76				46.00		1.66		76.00		1.66		4.78		2.00

						77				46.00		1.66		77.00		1.66		4.83		2.00

						78				46.00		1.66		78.00		1.66		4.88		2.00

						79				46.00		1.66		79.00		1.66		4.94		2.00

						80				46.00		1.66		80.00		1.66		4.99		2.00

						81				46.00		1.66		81.00		1.66		5.05		2.00

						82				46.00		1.66		82.00		1.66		5.10		2.00

						83				46.00		1.66		83.00		1.66		5.15		2.00

						84				46.00		1.66		84.00		1.66		5.21		2.00

						85				46.00		1.66		85.00		1.66		5.26		2.00

						86				46.00		1.66		86.00		1.66		5.32		2.00

						87				46.00		1.66		87.00		1.66		5.37		2.00

						88				46.00		1.66		88.00		1.66		5.42		2.00

						89				46.00		1.66		89.00		1.66		5.48		2.00

						90				46.00		1.66		90.00		1.66		5.53		2.00

						91				46.00		1.66		91.00		1.66		5.59		2.00

						92				46.00		1.66		92.00		1.66		5.64		2.00

						93				46.00		1.66		93.00		1.66		5.69		2.00

						94				46.00		1.66		94.00		1.66		5.75		2.00

						95				46.00		1.66		95.00		1.66		5.80		2.00

						96				46.00		1.66		96.00		1.66		5.86		2.00

						97				46.00		1.66		97.00		1.66		5.91		2.00

						98				46.00		1.66		98.00		1.66		5.96		2.00

						99				46.00		1.66		99.00		1.66		6.02		2.00

						100				46.00		1.66		100.00		1.66		6.07		2.00

						101				46.00		1.66		101.00		1.66		6.13		2.00

						102				46.00		1.66		102.00		1.66		6.18		2.00

						103				46.00		1.66		103.00		1.66		6.23		2.00

						104				46.00		1.66		104.00		1.66		6.29		2.00

						105				46.00		1.66		105.00		1.66		6.34		2.00

						106				46.00		1.66		106.00		1.66		6.40		2.00

						107				46.00		1.66		107.00		1.66		6.45		2.00

						108				46.00		1.66		108.00		1.66		6.50		2.00

						109				46.00		1.66		109.00		1.66		6.56		2.00

						110				46.00		1.66		110.00		1.66		6.61		2.00

						111				46.00		1.66		111.00		1.66		6.67		2.00

						112				46.00		1.66		112.00		1.66		6.72		2.00

						113				46.00		1.66		113.00		1.66		6.77		2.00

						114				46.00		1.66		114.00		1.66		6.83		2.00

						115				46.00		1.66		115.00		1.66		6.88		2.00

						116				46.00		1.66		116.00		1.66		6.94		2.00

						117				46.00		1.66		117.00		1.66		6.99		2.00

						118				46.00		1.66		118.00		1.66		7.04		2.00

						119				46.00		1.66		119.00		1.66		7.10		2.00

						120				46.00		1.66		120.00		1.66		7.15		2.00

						121				46.00		1.66		121.00		1.66		7.21		2.00

						122				46.00		1.66		122.00		1.66		7.26		2.00

						123				46.00		1.66		123.00		1.66		7.31		2.00

						124				46.00		1.66		124.00		1.66		7.37		2.00

						125				46.00		1.66		125.00		1.66		7.42		2.00
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Sheet6

		IT		RT		TIME		TEMP		RT-TEMP		LOG(RT-TEMP)		Time again		3-LOG(RT-TEMP)		FH LINE		F2 LINE		X OF F2		Y OF F2		X OF FH		Y OF FH		J		FH		F2		XBH		SLOPE FH		SLOPE F2						TIME

		238.30		46.00		0		238.3		192.30		2.28		0.00		0.72		0.69		1.00		20.00		7.00		10.00		1.14		-1.06		21.94		3.33		-1.22		0.05		0.30						0		0.72

		CUT		inc		1		232.0		186.00		2.27		1.00		0.73		0.73		1.30		50.00		16.00		50.00		2.97		run		st25016		tc		1.00										1		0.73

		0.00		1.00		2		218.9		172.90		2.24		2.00		0.76		0.78		1.60																										2		0.76

		CORRECTED				3		201.0		155.00		2.19		3.00		0.81		0.83		1.90										tc		company		product		proc sys		can		run						3		0.81

		CUT				4		182.7		136.70		2.14		4.00		0.86		0.87		2.20										4		keeping/mackay		lobster		still		307x113		2						4		0.86

		0.00				5		167.3		121.30		2.08		5.00		0.92		0.92		2.50																										5		0.92

						6		153.5		107.50		2.03		6.00		0.97		0.96		2.80																										6		0.97

		start				7		141.7		95.70		1.98		7.00		1.02		1.01		3.10																										7		1.02

						8		120		74.00		1.87		8.00		1.13		1.05		3.40																										8		1.13

						9		120		74.00		1.87		9.00		1.13		1.10		3.70																										9		1.13

						10		120		74.00		1.87		10.00		1.13		1.14		4.00		regression for fh																								10		1.13

						11		120		74.00		1.87		11.00		1.13		1.19		4.30		SUMMARY OUTPUT																								11		1.13

						12		120		74.00		1.87		12.00		1.13		1.24		4.60																										12		1.13

						13		120		74.00		1.87		13.00		1.13		1.28		4.90		Regression Statistics																								13		1.13

						14		120		74.00		1.87		14.00		1.13		1.33		5.20		Multiple R		0.9913060406																						14		1.13

						15		120		74.00		1.87		15.00		1.13		1.37		5.50		R Square		0.9826876661																						15		1.13

						16		120		74.00		1.87		16.00		1.13		1.42		5.80		Adjusted R Square		0.9798022771																						16		1.13

						17		120		74.00		1.87		17.00		1.13		1.46		6.10		Standard Error		0.0160048834																						17		1.13

						18		120		74.00		1.87		18.00		1.13		1.51		6.40		Observations		8																						18		1.13

						19		120		74.00		1.87		19.00		1.13		1.55		6.70																										19		1.13

						20		120		74.00		1.87		20.00		1.13		1.60		7.00		ANOVA																								20		1.13

						21		120		74.00		1.87		21.00		1.13		1.65		7.30				df		SS		MS		F		Significance F														21		1.13

						22		120		74.00		1.87		22.00		1.13		1.69		7.60		Regression		1		0.0872401019		0.0872401019		340.5737226428		0.0000016321														22		1.13

						23		120		74.00		1.87		23.00		1.13		1.74		7.90		Residual		6		0.0015369378		0.0002561563																		23		1.13

						24		120		74.00		1.87		24.00		1.13		1.78		8.20		Total		7		0.0887770396																				24		1.13

						25		120		74.00		1.87		25.00		1.13		1.83		8.50																										25		1.13

						26		120		74.00		1.87		26.00		1.13		1.87		8.80				Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%								26		1.13

						27		120		74.00		1.87		27.00		1.13		1.92		9.10		Intercept		0.6887889376		0.0103311078		66.6713532797		0.0000000008		0.663509609		0.7140682662		0.663509609		0.7140682662								27		1.13

						28		120		74.00		1.87		28.00		1.13		1.96		9.40		X Variable 1		0.0455757094		0.0024696071		18.4546395967		0.0000016321		0.039532794		0.0516186247		0.039532794		0.0516186247								28		1.13

						29		120		74.00		1.87		29.00		1.13		2.01		9.70																										29		1.13

						30		120		74.00		1.87		30.00		1.13		2.06		10.00																										30		1.13

						31		120		74.00		1.87		31.00		1.13		2.10		10.30																										31		1.13

						32		120		74.00		1.87		32.00		1.13		2.15		10.60				21.9415125762																						32		1.13

						33		120		74.00		1.87		33.00		1.13		2.19		10.90																										33		1.13

						34		120		74.00		1.87		34.00		1.13		2.24		11.20		regression for f2																								34		1.13

						35		120		74.00		1.87		35.00		1.13		2.28		11.50		SUMMARY OUTPUT																								35		1.13

						36		120		74.00		1.87		36.00		1.13		2.33		11.80																										36		1.13

						37		120		74.00		1.87		37.00		1.13		2.38		12.10		Regression Statistics																								37		1.13

						38		120		74.00		1.87		38.00		1.13		2.42		12.40		Multiple R		0.999798741																						38		1.13

						39		120		74.00		1.87		39.00		1.13		2.47		12.70		R Square		0.9995975224																						39		1.13

						40		120		74.00		1.87		40.00		1.13		2.51		13.00		Adjusted R Square		0.9995872025																						40		1.13

						41		120		74.00		1.87		41.00		1.13		2.56		13.30		Standard Error		0.0035669537																						41		1.13

						42		120		74.00		1.87		42.00		1.13		2.60		13.60		Observations		41																						42		1.13

						43		120		74.00		1.87		43.00		1.13		2.65		13.90																										43		1.13

						44		120		74.00		1.87		44.00		1.13		2.69		14.20		ANOVA																								44		1.13

						45		120		74.00		1.87		45.00		1.13		2.74		14.50				df		SS		MS		F		Significance F														45		1.13

						46		120		74.00		1.87		46.00		1.13		2.79		14.80		Regression		1		1.2323754602		1.2323754602		96860.8118765557		7.87353748204898E-68														46		1.13

						47		120		74.00		1.87		47.00		1.13		2.83		15.10		Residual		39		0.0004962032		0.0000127232																		47		1.13

						48		120		74.00		1.87		48.00		1.13		2.88		15.40		Total		40		1.2328716634																				48		1.13

						49		120		74.00		1.87		49.00		1.13		2.92		15.70																										49		1.13

						50		120		74.00		1.87		50.00		1.13		2.97		16.00				Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%								50		1.13

						51		120		74.00		1.87		51.00		1.13		3.01		16.30		Intercept		1		0.0038074166		233.1452131464		6.1097646849898E-63		0.8799797299		0.8953821687		0.8799797299		0.8953821687								51		1.13

						52		120		74.00		1.87		52.00		1.13		3.06		16.60		X Variable 1		0.3		0.0000470805		311.2246967651		7.87353748204943E-68		0.0145574004		0.014747859		0.0145574004		0.014747859								52		1.13

						53		120		74.00		1.87		53.00		1.13		3.10		16.90																										53		1.13

						54		120		74.00		1.87		54.00		1.13		3.15		17.20																										54		1.13

						55		120		74.00		1.87		55.00		1.13		3.20		17.50																										55		1.13

						56		120		74.00		1.87		56.00		1.13		3.24		17.80																										56		1.13

						57		120		74.00		1.87		57.00		1.13		3.29		18.10																										57		1.13

						58		120		74.00		1.87		58.00		1.13		3.33		18.40																										58		1.13

						59		120		74.00		1.87		59.00		1.13		3.38		18.70																										59		1.13

						60		120		74.00		1.87		60.00		1.13		3.42		19.00																										60		1.13

						61		120		74.00		1.87		61.00		1.13		3.47		19.30

						62		120		74.00		1.87		62.00		1.13		3.51		19.60

						63		120		74.00		1.87		63.00		1.13		3.56		19.90

						64		120		74.00		1.87		64.00		1.13		3.61		20.20

						65		120		74.00		1.87		65.00		1.13		3.65		20.50

						66		120		74.00		1.87		66.00		1.13		3.70		20.80

						67		120		74.00		1.87		67.00		1.13		3.74		21.10

						68		120		74.00		1.87		68.00		1.13		3.79		21.40

						69		120		74.00		1.87		69.00		1.13		3.83		21.70

						70		120		74.00		1.87		70.00		1.13		3.88		22.00

						71		120		74.00		1.87		71.00		1.13		3.92		22.30

						72		120		74.00		1.87		72.00		1.13		3.97		22.60

						73		120		74.00		1.87		73.00		1.13		4.02		22.90

						74		120		74.00		1.87		74.00		1.13		4.06		23.20

						75		120		74.00		1.87		75.00		1.13		4.11		23.50

						76		120		74.00		1.87		76.00		1.13		4.15		23.80

						77		120		74.00		1.87		77.00		1.13		4.20		24.10

						78		120		74.00		1.87		78.00		1.13		4.24		24.40

						79		120		74.00		1.87		79.00		1.13		4.29		24.70

						80		120		74.00		1.87		80.00		1.13		4.33		25.00

						81		120		74.00		1.87		81.00		1.13		4.38		25.30

						82		120		74.00		1.87		82.00		1.13		4.43		25.60

						83		120		74.00		1.87		83.00		1.13		4.47		25.90

						84		120		74.00		1.87		84.00		1.13		4.52		26.20

						85		120		74.00		1.87		85.00		1.13		4.56		26.50

						86		120		74.00		1.87		86.00		1.13		4.61		26.80

						87		120		74.00		1.87		87.00		1.13		4.65		27.10

						88		120		74.00		1.87		88.00		1.13		4.70		27.40

						89		120		74.00		1.87		89.00		1.13		4.75		27.70

						90		120		74.00		1.87		90.00		1.13		4.79		28.00

						91		120		74.00		1.87		91.00		1.13		4.84		28.30

						92		120		74.00		1.87		92.00		1.13		4.88		28.60

						93		120		74.00		1.87		93.00		1.13		4.93		28.90

						94		120		74.00		1.87		94.00		1.13		4.97		29.20

						95		120		74.00		1.87		95.00		1.13		5.02		29.50

						96		120		74.00		1.87		96.00		1.13		5.06		29.80

						97		120		74.00		1.87		97.00		1.13		5.11		30.10

						98		120		74.00		1.87		98.00		1.13		5.16		30.40

						99		120		74.00		1.87		99.00		1.13		5.20		30.70

						100		120		74.00		1.87		100.00		1.13		5.25		31.00

						101		120		74.00		1.87		101.00		1.13		5.29		31.30

						102		120		74.00		1.87		102.00		1.13		5.34		31.60

						103		120		74.00		1.87		103.00		1.13		5.38		31.90

						104		120		74.00		1.87		104.00		1.13		5.43		32.20

						105		120		74.00		1.87		105.00		1.13		5.47		32.50

						106		120		74.00		1.87		106.00		1.13		5.52		32.80

						107		120		74.00		1.87		107.00		1.13		5.57		33.10

						108		120		74.00		1.87		108.00		1.13		5.61		33.40

						109		120		74.00		1.87		109.00		1.13		5.66		33.70

						110		120		74.00		1.87		110.00		1.13		5.70		34.00

						111		120		74.00		1.87		111.00		1.13		5.75		34.30

						112		120		74.00		1.87		112.00		1.13		5.79		34.60

						113		120		74.00		1.87		113.00		1.13		5.84		34.90

						114		120		74.00		1.87		114.00		1.13		5.88		35.20

						115		120		74.00		1.87		115.00		1.13		5.93		35.50

						116		120		74.00		1.87		116.00		1.13		5.98		35.80

						117		120		74.00		1.87		117.00		1.13		6.02		36.10

						118		120		74.00		1.87		118.00		1.13		6.07		36.40

						119		120		74.00		1.87		119.00		1.13		6.11		36.70

						120		120		74.00		1.87		120.00		1.13		6.16		37.00

						121		120		74.00		1.87		121.00		1.13		6.20		37.30

						122		120		74.00		1.87		122.00		1.13		6.25		37.60

						123		120		74.00		1.87		123.00		1.13		6.29		37.90

						124		120		74.00		1.87		124.00		1.13		6.34		38.20

						125		120		74.00		1.87		125.00		1.13		6.39		38.50
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45

THERMAL PROCESSING 
TRAINING 

Convection/Conduction Heating 

 Brine pack product with large particles and 
liquid 
• Liquid by convection 
• Particles by conduction 

 Products where thickening occurs 
• Starts as convection heating and goes to conduction 

heating due to thickening of product 
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THERMAL PROCESSING 
TRAINING 

Convection/Conduction Heating (2) 

 Slowest heating region-is usually 1/4 container 
height from the bottom and at particle center 
but can be variable 

 Examples: meatballs in sauce, hot dogs in 
brine, whole chicken in a can, stews with 
starch, etc 

 Broken line heating or 2 straight lines 
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THERMAL PROCESSING 
TRAINING 

Induced Convection Heating 

 Mechanical agitation 
which creates 
product movement to 
enhance convection 
heating of the 
product 

 Container’s 
geometric center is 
slowest heating 
region 
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Molded Thermocouple 

THERMAL PROCESSING 
TRAINING 
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Flexible Thermocouple: Can be 
Inserted into the Product 

THERMAL PROCESSING 
TRAINING 
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Thermocouples Installed in Cans 

THERMAL PROCESSING 
TRAINING 
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Thermocouples Installed in Jar Caps 

THERMAL PROCESSING 
TRAINING 
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52

Thermocouple Location and Mounting 

THERMAL PROCESSING 
TRAINING 

 Must be located in 
the slowest heating 
region (cold spot) 
of the product 

 Mounting must 
place and maintain 
thermocouple at 
the desired location 
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53

Thermocouple Location and Mounting (2) 

THERMAL PROCESSING 
TRAINING 

 May need to impale 
particle with thermocouple 
• Formulated particles 
• Non-Formulated particles 
• Vegetable particle 

 Use needle or thin wire 
sensor 
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THERMAL PROCESSING 
TRAINING 

Food Particle Impalement 

 Formulated particle – ½-inch or larger 
meatball, ravioli, etc., in the geometric center 

 Meat particle – ½-inch or larger chicken or beef 
cube in the geometric center 

 Vegetable particle – ½-inch or larger potato 
chunk, beet dice, whole carrot, etc., a ¼-inch 
below surface 
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  Ready for the Heat Penetration Test 

THERMAL PROCESSING 
TRAINING 
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56

A Production or Laboratory Retort Can be Used 

THERMAL PROCESSING 
TRAINING 
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Heat Penetration Data Collection 

THERMAL PROCESSING 
TRAINING 

 Heat penetration thermocouples are 
connected to a data logging system or 
multipoint recorder 
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THERMAL PROCESSING 
TRAINING 

Heat Penetration Test Recordkeeping 

 Product preparation and formulation sheets for 
product formula tested 

 Filled and sealed test product information, e.g., 
fill weights, gross weights, fill temperature, 
particle size 

 Data logger information, e.g., thermocouple 
time and temperature printouts 

 Post heat penetration test information, e.g., 
gross weights, drain weights 
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59

Process Establishment: Calculated Process 

THERMAL PROCESSING 
TRAINING 

HEAT RESISTANCE OF 
MICROORGANISMS PRODUCT HEATING DATA 

CALCULATED PROCESS SCHEDULE 

CONFIRMATION BY INOCULATED TEST PACK 

Source: FDA STATE TRAINING BRANCH COURSE MANUAL FOR LOW ACID CANNED FOODS, 1988 
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TRAINING 

Keys to Calculating a Process Schedule 

 Use the thermal resistance data for the target 
microorganism 

 Use the heat penetration data for the product 
 Use of a scientific method to calculate the 

process schedule for the product 
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Purpose of Process Schedule Calculation 

 The purpose of a process schedule 
calculation is to: 

• Demonstrate (document) that the thermal process is 
capable of delivering the required lethality 
(destruction of the microorganism or Fo) 

• Determine how changes in the product formula, 
preparation parameters, or filling affects the lethal 
treatment 

• Measure the effect of a processing deviation 
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Determining Process Schedules 

 There are two scientific methods for 
determining process schedules (thermal 
processes) that will achieve the sterilization 
(Fo) value for a given product 
• The general or graphical method, and 
• The formula method 
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General Method 

 Lethality (Fo ) is calculated directly from the HP 
time and temperature data using a z value of 
18°F and the reference temperature of 250°F 

 Lethality (Fo ) = lethal rate X time 

 Lethality (Fo ) is determined at small time 
increments and added up over the duration of 
thermal process and if desired during the 
cooling period 
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General Method (3) 

Temperature °F Lethal Rate 
212 .008 
221 .024 
230 .077 
232 .100 
239 .246 
248 .774 
250 1.00 
257 2.45 
260 3.60 
268 10.00164 



  

 
   

 

     
  

 
 

65
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General Method (4) 

 Advantages 
• Measures the exact sterilizing value for the process 
• A simple equation is used 

 Disadvantages 
• Specific for process conditions-minimal room for 

error and the process schedule is established for the 
tested conditions (i.e., RT and IT are set) 

• Cannot easy evaluate process schedule deviations 
 Processing deviations may have to be recreated to 

evaluate the thermal process 
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Mathematical Formula Models 

 Numerous mathematical models have been 
developed over the years 

 The model that has received the most use is 
the Ball formula method (1923) 

 With the use of computers, numerical 
methods have also become popular today 
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Ball Formula Method Steps 

Perform Heat Penetration Test 

Determine Heating Factors 

Perform Calculations 

Verify Fo or 
Determine Process Time 
to Achieve Required Fo 67 
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TRAINING 

Heating Factors 

 j value 
• a number representing the time lag before the 

heating curve assumes a straight line 
 fhvalue 

• the slope of first straight line 
 length of time the straight line takes to pass 

through one log cycle 
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Heating Factors (2) 

 f2 value 
• the slope of second straight line 
 length of time the straight line takes to pass 

through one log cycle 
 xbh value 

• time at which the break in a broken heating curve 
occurs 

 fc value 
• the slope of cooling curve (rate of product cooling) 
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Ball Formula Calculation Requirements 

 Initial temperature (IT) 
 Retort temperature (RT) 
 Heating factors (fh, jh, xbh, f2, fC) 
 Cooling water temperature 
 Required sterilization (Fo) value for the 

product or process time (Bb) 
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Formula Methods 

 Advantages 
• Can use different initial temperatures and retort 

temperature to calculate new process times and 
alternate process schedules 

• Can be used to evaluate process time, retort 
temperature and initial temperature deviations 

 Disadvantages 
• Thermal processes are more conservative than 

general method 
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Process Establishment: Confirmation by 
Inoculated Test Pack 
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HEAT RESISTANCE OF 
MICROORGANISMS PRODUCT HEATING DATA 

CALCULATED PROCESS SCHEDULE 

CONFIRMATION BY INOCULATED TEST PACK 

Source: FDA STATE TRAINING BRANCH COURSE MANUAL FOR LOW ACID CANNED FOODS, 1988 
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Inoculated Pack Study 

 Rarely necessary 
 Used to confirm thermal processes 
 Used when other methods cannot be used 
 Inoculate product with microorganisms 
 Determine and quantify microorganism 

survival 
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Heat/Temperature Distribution 

HEAT/TEMPERATURE 
DISTRIBUTION TESTS 

For Retort Systems 
174 



  

  

   
   

    
   

    

    
 

75

THERMAL PROCESSING 
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Purpose of Heat/Temperature Distribution Tests 

 HD/TD tests determine temperatures around 
containers in retort systems 

 PAs/equipment manufacturers use HD/TD 
tests to develop retort operating procedures 
• Steam Retorts: HD tests determine the “Venting 

Schedule” 
• Other Systems: HD tests determine a “Defined 

Come Up Profile” 
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Heat/Temperature Distribution Test Data 

 HD/TD data must be kept on file at the 
establishment and available to IPP 

 Designed to provide uniform HD/TD within the 
retort 

 Accomplished during retort come-up time (CUT) 
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Retort Come Up Time (CUT) 

 Come-up-time is the elapsed time between 
the introduction of the heating medium into a 
closed retort and the start of process timing. 

 For pure steam retorts this will include the 
“venting time” from the venting schedule 
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Retort Come Up Time (CUT) 

THERMAL PROCESSING 
TRAINING 

 Batch operations: 
CUT occurs every 
time a batch is 
processed 

 Continuous 
operations: CUT 
occurs before 
containers enter 
the retort 
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Process Timing 

 Must not start until the retort temperature in 
the process schedule is achieved and 
required retort operating procedures are 
completed 
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Heat/Temperature Distribution Tests 

 For all retort systems, a large number 
thermocouples or self-contained data loggers 
are located throughout the retort baskets or 
racks filled with containers and the 
temperature is monitored as the retort is 
operated 
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Heat/Temperature Distribution Tests (2) 

THERMAL PROCESSING 
TRAINING 

 Use copper-constantan thermocouples with 
welded tip protected in some way (e.g. shrink 
wrap) so it does not contact containers or 
stacking equipment surfaces 

Thermoco 
uple of Tip
is
Protected 
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Heat/Temperature Distribution Tests (4) 

THERMAL PROCESSING 
TRAINING 

Thermocouple 
wires (leads) are 
fed into retort 
through steam 
tight gasket. 
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 Heat/Temperature Distribution Tests (5) 

THERMAL PROCESSING 
TRAINING 

Thermocouple 
leads must be 
placed so they are 
not damaged 
during the test 
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 Heat/Temperature Distribution Tests (6) 

Leads are 
held in 

place to 
ensure 
they do 

not 
contact 
metal. 

THERMAL PROCESSING 
TRAINING 
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Heat/Temperature Distribution Tests (2) 
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TRAINING 

 HD/TD thermocouples 
are connected to a data 
logging system 
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0 2 4 6 8 10 12 14 16 18 

THERMAL PROCESSING 
TRAINING 

Retort Temperature Distribution Data 

270

250 

Temperature 230

210

190

170

150

130 

Vents
Closed 

Steam Up Process 
Starts 

A
1
2
3
4 

Time in minutes after steam-on 
The time the process starts, 3 leads are at temperatures below 190°. 
It takes several minutes for them to reach operating temperature. 
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Guidelines for  Conducting HD/TD Tests 

 The Institute for Thermal Processing 
Specialists (IFTPS) guidelines for still steam, 
water retorts, etc., are in your reference 
manual 

 National Food Processors Association Bulletin 
26 L 
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Key Points 

 Process establishment considerations: 
• Heat resistance of organism in the product 
• Product heating data in the container being 

used 
 Who establishes the process 
 Definition of commercial sterility 
 What is a scheduled process 
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Key Points (2) 

 Critical factors 
 Definition of D-value 
 Definition of Z-value 
 Methods of heat penetration 

• Conduction 
• Convection 
• Combination 

 Definition of F-value 

189 



  

 

     
   

      

90
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Key Points (3) 

 GENERAL METHOD: 

• Lethality of the thermal process is derived 
by summing small increments of time and 
temperature 

• Very accurate 
• Difficult to determine effect of deviations in the 

process 
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Key Points (4) 

 FORMULA METHODS: 

• Require heating factors 
• Can be used to calculate deviations in 

processes 
• Can be used to calculate new processes 
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Key Points (5) 

 INOCULATED PACKS: 

• Used to confirm calculated processes 
• Can be used to establish process when 

other methods cannot be used 
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Key Points (6) 

 OPERATING PROCEDURES: 

• Need uniform heating medium to deliver the 
thermal process 

• Determined by heat distribution studies 
• Performed in heating medium on exterior of the 

container 
• Used to determine operating procedures for 

thermal processing system (retort) 
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Process Schedules 

 The students should read: 

 9 CFR 431.3 – Thermal Processing 
 9 CFR 431.4 – Critical factors and the application 

of the process schedule 
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