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INTRODUCTION

GroPIN tertiary model constitutes a standalone application, developed in VBA (Microsoft Visual Basic for Application®). The software is using Microsoft Excel® 2007 as a platform for the data introduction and processing. The Excel database is supported by a servicing application which has been designed especially for scientific and industrial use. Solver add-in software (Frontline Systems) has been harmoniously integrated into the source code in order to provide solution for the growth-no growth calculations.
The database of the GroPIN software includes both variables and equations into the same records. Each record includes header and detail data. The header data consist of the information data which define and characterize a specific model. Such data is the microorganism, the substrate, the food product, the literature elements (authors, title of the article, Journal, issue, pages), the rate label, and data representing specific conditions. The detailed data include the variables and their corresponding ranges, the coefficients and their values, the equations and functional data such as the type of the model, the number of variables, the type of simulation and the rate format. Each introduced equation becomes active by the activation of a mechanism which transfers the equation into a specific data area and adds the symbol “=”, in front of it. The arrangement of data in predicted fields has been preceded, in order to be exploited by the active equations. By the use of GroPIN tertiary model, the users have the ability to perform predictions for different combinations of food microorganisms-products, concerning on the microbial growth, the survival of the microorganisms and the probability of the growth or no growth.

EQUATION ENCODING (Field: CQ)

The user has to encode each mathematical model before its introduction into the database. For that purpose, a special form has been prepared (Fig.1). In that form, the user may encode the variables, the coefficients of the equation and the equation representing the mathematical model of interest. The user has to print that form (Annex) in many copies in order to use it for the models encoding.


EXAMPLE OF ENCODING

Let’s assume that the equation of interest is the equation (4) from the paper: “Modeling Salmonella concentration throughout the pork supply chain by considering growth and survival in fluctuating conditions of temperature, pH and a(w)” of Pin et al., 2011 (IJFM 145:S96-S102).
	[image: ]
	(1)


The temperature ranges from 7 to 30oC, the pH from 3.9 to 7.5 and the water activity from 0.95 to 1. The corresponding coefficients are embedded into the equation. 
According to the above elements the equation is encoded as follows:



		1st
 VARIABLE 

	S/N:14
	
	RANGE FROM
	RANGE
TO

	CELLS:
	E
	F
	G

	VALUES:
	T
	7
	30

	EQUATION
CELLS:
	B2



		2nd
 VARIABLE 

	S/N: 15
	
	RANGE FROM
	RANGE
TO

	CELLS:
	H
	I
	J

	VALUES:
	pH
	3.9
	7.5

	EQUATION
CELLS:
	C2




	
	

		3rd
 VARIABLE 

	S/N: 16
	
	RANGE FROM
	RANGE
TO

	CELLS:
	K
	L
	M

	VALUES:
	aw
	0.95
	1

	EQUATION
CELLS:
	D2



	






RATE MECHANISM:
	S/N
	Insert
	Available values
	CELL
	VALUE

	64
	transformation
	<mu>max
	CP
	Sqr<mu>max

	
	
	ln<mu>max
	
	

	
	
	Sqr<mu>max
	
	




RATE LABEL:
	S/N
	Insert
	
	CELL
	VALUE

	65
	Label
	
	AX
	Sqr<mu>max





WRITE HERE THE ORIGINAL EQUATION:
	67 CELL: CQ

	[image: ]


	ENCODE THE EQUATION ACCORDING TO THE RED FIELDS:

	
0.209*(B2-4.27)*SQRT(D2-0.947)*SQRT(1-10^(3.69-C2))




Based on the above form, the user enters the filled values into the database, based on the cells with the yellow color, while he encodes the equation based on the corresponding red values.

CARDINAL PARAMETER MODELS: A SPECIAL CASE OF ENCODING

This model category (commonly referred as “gamma models with interaction”, into GroPIN software) is supported by a series of equation which are placed in specific fields of the model record. As already mentioned, the basic mechanism includes the solution of a specific equation representing the secondary model. The result of the model solution is the maximum growth rate (mumax), which constitutes a parameter in the Baranyi primary differential equation. The mechanism of the CPMs include the solution of: (i) The secondary model (result=mumax) for the static version of the GroPIN software. (ii) The secondary model for the dynamic version of the corresponding software. (iii) A series of equations representing the Φ(x,y,z,…): x,y,z,… are the independent environmental variables parameters. The solution of the equations is based on the same idea as mentioned above, having individual characteristics which will be mentioned into the corresponding chapters in detail.


MODEL CATEGORIES

A predictive microbial model is characterized by its intended use and the type of response that predicts. It may belong to one of the following categories:

(i) Probability or Growth/No Growth Models (GNG) 
The probability level P=[0.1-0.9] constitutes the most important parameter for the calculation of the limit between growth and no growth. The transformation ey of the link function logit (p) = ln (p/1-p) = yi, which can be a polynomial equation (termed ordinary logistic regression) as in Equation 1, or any other type of nonlinear equation, is used in Equation 2, in order to get the probability estimate under a given set of xi variables: 

	

	(2)



where, y= ƒ(x1, x2,…xq) + e, and i = number of variables
Then, 
	
equals to the P(probability from 0 to 1) value (y-axis)
	(3)



The result of the calculations described above is a curve representing the boundary between the growth and no growth of the selected model. The corresponding field into the database is [Field A: Value: GNG].

(ii) Kinetic models which can be growth models (GRT) or inactivation-survival models (INA)
The primary model of Baranyi & Roberts (1994) [Baranyi, J., Roberts, T.A., 1994: A dynamic approach to predicting bacterial growth in food. International Journal of Food Microbiology 23, 277–294] constitutes the basic mechanism which has been programmed into the software supporting the kinetic models solution.The kinetic models are based on the following first order equation:


                                                                                        (4)




where, x is the number of cells at time t, q  is the concentration of limiting substrate, is the maximum specific growth rate,  is the rate of increase of the limiting substrate and u(x) is the function of the growth inhibition,, P0 is the initial value of a critical substance needed for the bacteria to initiate growth, Kp is the Michaelis - Menten constant, x(t) is the microbial concentration at the time t, u(x) is the inhibition function and qo is a measure of the initial physiological state of the cells summarizing the readiness of cells to initiate growth in a new environment. This is specific for each combination of food and microorganism, or for the ‘history’ (i.e., sequence of exposure to various stresses, or just the previous environment) of the same microorganism. The parameter q0 is also related to the parameter h0, which is another measure of the initial physiological state of cells and is given by the equation: 


									(5)

The max parameter can be described as a function of the solution of the secondary models which are included into the GroPIN database. Then the fundamental parameters for the development of the growth or inactivation curves are: Initial physiological state of cells (N0-CFU/g), Lag time (in the case of a growth model) or Shoulder (in the case of an inactivation model) (in hours), Asymptotic cells concentration (Nend-CFU/g) and Simulation Time (in hours). Secondary models may be of linear (Equation 1) or nonlinear form.
The format of the growth/inactivation rate or lag (shoulder) can be also transformed into Neperian logarithm format - Ln(Rate or Lag) or Square root format -Sqr(Rate or Lag).
The result of the above described mechanism is a growth or inactivation sigmoid curve, expressing the growth or survival of the selected secondary model as it is expressed by the Baranyi & Roberts (1994) primary model [Baranyi, J., Roberts, T.A., 1994: A dynamic approach to predict ing bacterial growth in food. International Journal of Food Microbiology 23, 277–294]. Moreover, a response surface model (3-D graphical representation) can be produced in order to express the rate of the growth or inactivation (z-axis) as a function of two selected variables (x, y axes).  The 3-D graphical representation can be displayed also by a contour diagram (conversion 3-D graphical representation to 2-D respectively). Another sophisticated calculation can represent in a response surface the results of the “Time to x log” calculations. The Equation 6 expresses the calculation of the time for a specific logarithmic increase or decrease:

	[image: Χωρίς τίτλο.bmp]
	(6)



The growth or inactivation rate can be estimated by Baranyi and Roberts (1994) model [Baranyi, J., Roberts, T.A., 1994: A dynamic approach to predicting bacterial growth in food. International Journal of Food Microbiology 23, 277–294]. The x parameter expresses the log increase or decrease.
For Growth models, the corresponding field into the database is [Field A: Value: GRT].
For Inactivation models, the corresponding field into the database is [Field A: Value: GRT and Field AM: Value: INA].

(iii) Cardinal parameter models (AUG) 
It constitutes an important class of predictive models, which rely on the gamma concept, i.e., the assumption that different factors affect the maximum specific growth rate independently, i.e., they have additive effect, as shown in the following equation (Zwietering et al. 1993 [Zwietering, M. H., Wijtzes, T., Rombouts, F. M., Riet, K. 1993:A decision support system for prediction of microbial spoilage in foods. Journal of Industrial Microbiology, 12, 324-329]; Le Marc et al. 2002 [Le Marc, Y., Huchet, V., Bourgeois, C.M., Guyonnet, J.P., Mafart, P., Thuault, D. 2002: Modelling the growth kinetics of Listeria as a function of temperature, pH and organic acid concentration. International Journal of Food Microbiology, 73, 219-237]):

[image: ]			    	             (7)

In these models, the synergy between factors, which may occur at conditions close to the growth boundaries, can be represented by a special interaction term, denoted as ξ in the above equation. The AUG category is supported by two different mechanisms: (i) A mechanism which is based on a standard procedure, and has been programmed into the software. (ii) A mechanism which is based on a series of equations which are registered into the model. By this method, the equations are not programmed into the software. The solution of the equations is the result of this general mechanism, which is common for all the models of this category. 
The mechanisms supporting the calculations of that model category are the same as the kinetic models mechanisms, which have been described above.
A kinetic model should be represented graphically as: (i) kinetic curve, response surface model E(y)= ƒ(x1, x2), where the z-axis includes the growth rate values, response surface model where the z-axis includes the calculation of the time for a specific log increase or decrease (Time to x log values), kinetic curve & response surface, response surface & time to x log inactivation surface, kinetic curve & time to x log inactivation surface. The above limitations are described in Fig.1.
For CPM models, the corresponding field into the database is [Field A: Value: GRT and Field AW: Value: AUG].

	[image: ]
	Fig.1.
Representative structure of a database encompassing the predictive modeling information.




(iv) Integrated Models
Integrated models constitute a special case of models. The Integrated Models constitute a combination of the above described models. This model category concerns on dynamic data, imported into the software by the user. For a specific microorganism, the user has to select a Growth model (GNG), an Inactivation model (INA) and a Growth/No Growth model (GNG). The Growth/No Growth model (or probability model) is the key model for this procedure. The Integrated model's rate depends on the solution of the Growth/No growth secondary equation. When the probability value is greater than 0.5 then the value of the rate is the corresponding value calculated by the Growth secondary model. When the probability value is less or equal than 0.5 then the value of the rate is the value calculated by the Inactivation secondary model. Based on this function, the graphical representation constitutes the Integration of the dynamic data.

(v) Lethality models
A lethality determination model is used to predict a specific heat process used to destroy a microorganism of interest. The user may introduce data in order to determine if the food product process achieves the required log reduction for the microorganism of interest. D-value, Z-value and Tref are the parameters of the model. Dref is the D value of the lower applied temperatures or the most usual temperature of the food process. D-value concerns on a specific temperature or/and other substrate factors such as pH, aw, salt, pyrophosphates, etc. Therefore, for each substrate condition there might be multiple D values for different temperatures. From those different temperature values for each combination of the non temperature factors, results only one Z-value. The Z-value expresses the change of D-value with respect to temperature. For that reason, the model which calculates the D-value is primary while the corresponding Z-value model is secondary. Summing up the above, a D value may correspond to multiple pH values and to a single Z-value which expresses the dependence of D value on the pH values.


INTERVENTIONAL EQUATIONS FOR THE MODELS HOMOGENIZATION

This equation category is used for the transformation of the basic models in order to be used for Integrated Models. 
The models homogenization includes:
· the common time unit for the Growth or Inactivation rate;
· the common water activity transformation;
·  the Time to 4 Log rate transformation to Death rate respectively (for the Inactivation models);
· the salinity transformation to water activity.

Time unit of the rate: 
Let’s assume that the Growth rate is h-1. If the Inactivation model is min-1, then it has to be multiplied by 60.

Water activity: 


The usual water activity is in the “aw” format. For that reason, if the water activity variable of one of the models involved in Integrated Models procedure is in “bw” format it has to be transformed to aw. Initially the variable “bw” has to be shifted to “aw”. After, the old “bw” range (present “aw”) has to be recalculated in order to be shifted. The change of the values is calculated by the equation: . But, since the model is based on the “bw” transformation of the water activity, the equation: has to be adapted into the corresponding variable of the equation. By this way the equation will behave properly, according to the initial design.

Time to 4 Log rate transformation to Death Rate:
The basic principal for this type of transformation is:

1. 

2. 

3. 

4. Death rate = 1/D
5. If death rate=days-1 then Death rate/24 

In the case that the Time to 4 log rate is embedded into the model:

1. 

2. 

3. 

4. In the case that the time unit is “hours”, the 1/D will be h-1. If the time unit is “days” the 1/D will be d-1. The 1/D would be divided by 24 in order to become h-1.
Where, x is the equation.

Salinity empirical transformation equation:
In the case that the third variable is the “NaCl” (salinity), then it has to be transformed to water activity (aw format) in order to be used by the Integrated Models. Initially the variable “NaCl” has to be shifted to “aw”. After, the old “NaCl” range (present “aw”) has to be reregistered based on water activity values, Resnik & Chirife table of data [Journal of Food Protection, vol.51, May 1988]. The change of the values is calculated by the empirical equation: 
[image: ]

where y=NaCl
and;
x=aw
Since the model is based on the “NaCl” mechanism, by the above equation the model calculates the NaCl using the aw variables. By this way the equation behaves properly, according to the initial design.

DATABASE RECORD FORMAT FOR THE GROWTH/NO GROWTH, GROWTH AND INACTIVATION MODELS

The models in the database are registered sequentially. The field B includes the models sequential numbering. 

The total number of the variables for each specific model is described into field C. 

The substrate (or food) is described into fields D and AP.
e.g.  Seafood

The variables and their corresponding ranges are registered into the corresponding fields as follows:

	
Variable fields
	Range fields

	
	Lowest value
(from)
	Highest value
(to)

	E
	F
	G

	H
	I
	J

	K
	L
	M

	N
	O
	P

	Q
	R
	S

	T
	U
	V

	W
	X
	Y

	Z
	AA
	AB

	AC
	AD
	AE

	AJ
	AK
	AL



The variables and their corresponding ranges may be registered without a specific order. Let’s assume that a user introduce a specific model with the variables: T (temperature), pH and aw (water activity). He can enter the “T” variable and its ranges into fields E to G, the “pH” into H to J  and the “aw” into K to M. But he/she can also introduce the variables with different order. E.g. the “pH” into E to G fields, the “aw” into H to J fields and the “T” into K to M field respectively. The software has the ability to recognize and rearrange the variables in order to perform the calculations.
But, in the case that the user want to perform the Integrated Models mechanism combining calculations from models which belong to different categories (Growth, Inactivation and Growth/No Growth) in order to extract valuable results about the response of a specific microorganism in a wide range of conditions, he has to keep a standard order when he enters the models. 
In such cases, the models that include the variables T, pH and aw among others, have to be registered as follows: 
First variable: T (fields E to G)
Second variable: pH (fields H to J)
Third variable: aw (fields K to M)
By keeping this format, when the “Integrated Models” mechanism is active, the software can recognize that it can use the above described three basic variables in order to combine the corresponding models of interest and to extract the valuable response of the corresponding microorganism.
Except of the systematic variables arrangement, the user has to declare that the models of this category will participate into the “Integrated Models” procedure. That declaration is registered by entering value “2” into field “AU”.

If some models do not include the three fundamental variables (T, pH and aw) but other variables, common in the three type of models (Growth, Inactivation and Growth/No Growth), then the user have to:
· Enter all the variables with the same order for all the type of models.
· Declare that the models will participate into the “Integrated Models”             procedure. That declaration is registered by entering value “1” into field “AU”.

The field AF includes the authors of each registered model’s paper.
e.g.  Mejlholm, O., Gunvig, A., Borggaard, C., Blom-Hanssen, J., Mellefont, L., Ross, T., Francoise, L., Else, T., Visser, D., Dalgaard, P. (2010)

The field AG includes the corresponding paper.
e.g.  Predicting growth rates and growth boundary of Listeria monocytogenes- An international validation study with focus on processed and ready-to-eat meat and seafood

The field AH includes the corresponding journal.
e.g.  International Journal of Food Microbiology

The field AI includes the corresponding journal issue elements.
e.g.  141:137-150

The field AN includes the microorganisms concerning on each model.
e.g.  Listeria monocytogenes

The field AO includes first author and the year of the paper publication
e.g.  Mejlholm et al., 2010

The field AT is an operative field including the code: “NaCl-aw” where is necessary. This code is used by the software mechanisms in order to recognize when a transformation of the NaCl concentrations into water activity has been performed. 

The field AV includes the unit of the rate.
e.g.  for  hours-1: the entered value is h-1

Fields AX to AZ include encoded information about the attributes and the characteristics of the registered models.

BA to CN fields are used for the registration of the coefficients for each term of the secondary model. While the coefficients may be embedded into each equation for Growth, Inactivation and Growth/No Growth type of models, these fields have to be registered for CPM models.
	 



CO field is used to define the cases of possible simulations that can be performed. 

	[image: ]



CP field is used to define the format of the rate solution: The possible values can be: <mu>max for the direct use of the solved secondary model by the primary model, ln<mu>max, for the exponential rise of the solved equation before its use by the primary model, and Sqr<mu>max when the solved secondary equation has to be raised to the square in order to be used by the primary model.


DATABASE RECORD FORMAT FOR THE GAMMA MODELS WITH INTERACTION (CPMs)

The majority of the fields are the same as mentioned above.  The differences are focused on the following fields:
E field: Always reserved for temperature, which is described strictly as “T”.
F,G fields, for the corresponding range (from-to).
H field: Always reserved for water activity, which is described strictly as “aw”.
I,J fields, for the corresponding range (from-to).
K field: Always reserved for pH, which is described strictly as “pH”.
L,M fields, for the corresponding range (from-to).
N field: Always reserved for Undissociated lactic acid, which is described strictly as “ULa”.
O,P fields, for the corresponding range (from-to).
Q field: Always reserved for Phenols, which is described strictly as “Phe”.
R,S fields, for the corresponding range (from-to).
T field: Always reserved for CO2, which is described strictly as “CO2” or “CO2 equilibr” depending on the occasion.
U,V fields, for the corresponding range (from-to).
W field: Always reserved for Undissociated Diacetate, which is described strictly as “UDiac”.
X,Y fields, for the corresponding range (from-to).
Z field: Always reserved for Undissociated nitrites, which is described strictly as “UNaNO2”.
AA,AB fields, for the corresponding range (from-to).
AC field: Always reserved for Undissociated acetic acid, which is described strictly as “UAc”.
AD,AE fields, for the corresponding range (from-to).
AJ field: Always reserved for Undissociated benzoic acid, which is described strictly as “UBenzA”.
AK,AL fields, for the corresponding range (from-to).
AQ field, having always the value “4”.
BA field having always the value “not used”.
BB field having always the value “1”.
BC field: Always reserved for Undissociated citric acid, which is described strictly as “UAc”.
BD,BE fields, for the corresponding range (from-to).
BF field: Always reserved for Undissociated sorbic acid, which is described strictly as “USorbA”.
BG,BH fields, for the corresponding range (from-to).
BI,BJ,BK fields, always blank
BL field: Equation Φ(T) for static version, supported by IFERROR function for the ensuring of the result, eg. =IFERROR((1-((Variables!A2-(-2.83))/(25-(-2.83))))^2;0). In this case the sign “=” is embedded into the equation.
BM field: Equation Φ(T) for dynamic version, supported by IFERROR function and another IF function for the ensuring of the result, e.g. =IF(Differential!A1="";"";IFERROR((1-((VarDyna!A2-(-2.83))/(25-(-2.83))))^2;0)). In this case also, the sign “=” is embedded into the equation.
The equations are edited as follows for both cases:
A2 for T (temperature)
B2 for aw (water activity)
C2 for pH
D2 for ULa (Undissociated lactic acid)
E2 for Phe (Phenols)
F2 for CO2 or CO2 equilibr
G2 for UDiac (Undissociated Diacetate)
H2 for UNaNO2 (Undissociated nitrites)
I2 for UAc (Undissociated acetic acid)
J2 for UBenzA (Undissociated benzoic acid)
K2 for UCitrA (Undissociated citric acid)
L2 for USorbA (Undissociated Sorbic acid)
BN, BO fields: Equation Φ(aw) for static and dynamic version respectively.
BP, BQ fields: Equation Φ(pH) for static and dynamic version respectively.
BR, BS fields: Equation Φ(Phe) for static and dynamic version respectively.
BT, BU fields: Equation Φ(nit) for static and dynamic version respectively.
BV, BW fields: Equation Φ(CO2) for static and dynamic version respectively.
BX, BY fields: Equation Φ(organic acids) for static and dynamic version respectively.
CN field: Units for temperature
CK field: Units for ULa
CJ field: Units for Phe
CI field: Units for CO2
CH field: Units for UDiac
CG field: Units for UNaNO2
CF field: Units for UAc
CE field: Units for UBenzA
CD field: Units for UCitrA
CC field: Units for USorbA
AP field: The equation of mumax for the dynamic version. This equation is the same as the equation placed into the CQ field (extended described above), but the term Variables id replaced by the term VarDyna.

By clicking “Add-Ins” and “RETURN TO MAIN MENU” the user may return to the main menu.

[image: ]
Fig.1. “RETURN TO MAIN MENU” Add-Ins option



























SERVICING APPLICATION















The mathematical models database is supported by a servicing application. This application includes all the necessary mechanisms in order to provide a solution for each scenario or case study based on the included in the database models.





MODEL SELECTION
[image: ]
[image: ][image: ][image: ] (
The user can select one of the following model categories:
Growth/No Growth Interface
Growth
Gamma models with interaction
Inactivation
Integrated models
) (
If a new model needs to be selected at an intermediate stage of the filtering 
procedure
, the user has to perform a new data filtering by selecting a Model Category.
)[image: ]
 (
The user can select a filtered model from the Orange 
ListBox
 control. He activates it by clicking on the 
CommandButton
: “CLICK ON RECORD TO SELECT MODEL”
)


(1) The software provides the user the ability to keep the water activity with “aw” format or to transform it according to Gibson et al. (1994) [Gibson, A. M., Baranyi, J., Pitt, J. I., Eyles, M. J., Roberts, T. A., 1994: Predicting fungal growth: the effect of water activity on Aspergillus flavus and related species. International Journal of Food Microbiology 23, 419-431]. The transformations between water activity (aw) and its substitute (bw) are associated with the following equations:, . In the present example aw has been selected. 

GROWTH/NO GROWTH INTERFACE (
                                   
)
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Moreover, the user has the ability to represent into the growth/no growth interface graphical representations a series of data in order to check if these belong to the growth or no growth area (separated by the growth/no growth curve). The user may introduce an Excel file including a data structure consisting of Temperature, pH and water activity (aw) values. 

[image: ][image: ][image: ][image: ][image: ]
By clicking the command button Zoom in, the dimensions of the graphical representation can be adapted to the size of the curve. By clicking the CommanButton Zoom out, the dimensions of the graphical representation can be adapted to the dimensions of the values ​​of variables, which are expressed on the x,y axes. By clicking the CommanButton “CLR”, the introduced data can be deleted.

 (
                                   
)GROWTH/NO GROWTH INTERPOLATION OPTION
(Case study)

In the case that the Growth/no Growth function is represented graphically with discontinuities (gaps), an additional function can be used for the interface optimization.

Case study: Model: 333

	[image: ]
		x= 
	aw

	y= 
	pH

	T=
	35

	La=
	0.1
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By clicking on the minus Commandbutton [image: ], a more realistic approach of the graphical representation can be displayed.
[image: ]

It is obvious that the graphical representation has to be optimized. 
This optimization can be performed by clicking on the Interpolation Commandbutton ([image: ]).
The result of the execution is displayed below:
[image: ]
By extending the display area (clicking on the [image: ] command button), an integrated approach of the interpolated graphical representation can be displayed:
[image: ]

The comparison between the non interpolated and the corresponding interpolated interface in the extended display area ([image: ] mode), showed that the gap has been filled out and the curve has been continued up to the right border of the screen.

	[image: ]
	[image: ]





The interpolation is based on the solving of the equation: y=. The software uses that function as a driver in order to display graphically the best solutions of the function: y= (Growth/No growth interface).
In the case that the Interpolation has been already applied, it can be used in both 
“[image: ]” & “[image: ]” comparison options.
By clicking on the “[image: ]” Commandbutton, the user may select the temperature variable to compare when the values are: 25 and 15oC:
[image: ]
Then, the previously displayed Growth/ No growth interface can be compared to both new solved interfaces (for 15 and 25oC):
[image: ]

As it is displayed, the initial interface is interpolated, while the new corresponding functions are not. Moreover a new Commandbutton ([image: ]) is displayed automatically into the middle of the control panel displayed above. In the case that the initial interface had not been interpolated, then the Interpolation Commandbutton would not be displayed into the middle of the above control panel.
By clicking on the “[image: ]” Commandbutton, both novel interfaces can be interpolated and compared to the initial corresponding:
[image: ]
The [image: ] Commandbutton is disappeared.
By clicking on the “[image: ]” Command button, the user has to recalculate the probability. Let’s assume that the initial probability is 0.5 again. The user can select 0.5 and click on the Commandbutton “[image: ]”. Then the following screen is displayed:
[image: ]
By clicking on “[image: ]” in the left area of the Control panel, a new interpolated graphical representation is displayed:
[image: ]
By clicking on the “[image: ]” Commandbutton, the user may select the new probabilities 0.1 and 0.9 in order to compare:
[image: ]
Then, the previously displayed Growth/ No growth interface can be compared to both new solved interfaces (for probabilities 0.1 and 0.9):
[image: ]
As it is displayed, the initial interface is interpolated, while the new corresponding functions has not been processed by this procedure. So the new interfaces may be interpolated (by default execution) or not. Moreover a new Commandbutton ([image: ]) is displayed automatically into the right side of the control panel in order to maintain both novel interfaces. 









[image: ]


 (
                                   
)P ACROSS INTERFACE
(Case study)

Case study: Model: 333
Initially,  the x value can be selected. The Ok CommandButton has to be clicked on and the corresponding textbox disappears. 
[image: ]


Next, the user has to introduce arithmetic values into the corresponding textboxes, based on the ranges displayed in the left table, eg.

[image: ]

By clicking on the “[image: ]” CommandButton, a graphical representation of the produced  curve is displayed, based on the above conditions. Moreover, the user can select a specific parameter in order to develop a series of novel curves to compare:
 [image: ]

[image: ]
[image: ]

The user may introduce up to 4 different values belonging into a specific range

[image: ]








GROWTH MODELS (STATIC VERSION)
 
 
	[image: ]
	The model selection takes place as described above.
After the model selection, the user may select the static or the dynamic version for a specific model.
By the static version, the user has to enter specific values for the variables of the selected model in order to generate graphical representations concerning on the following options:

· Response surface model
· Time to X log response surface model
· Kinetic model












DATA DEFINITION


[image: ]

[image: ]

	[image: ][image: ]




In static version, the variables which have to be defined, are displayed automatically and depend on the selected model. The entered values have to be limited into the specific ranges displayed on the listbox control above. The software doesn’t allow the entry of a value beyond the displayed ranges.
The CommandButtons displayed in the right area of the UserForm represent  (from the top): (i) The informations about the model attributes and characterictics; (ii) the Response Surface model; (iii) the Time to X Log Response Surface model, and; (iv) the kinetic of the selected model.
The options (ii), (iii) and (iv) are not constant for each model. The available options depend on the characteristics of the selected model. These characteristics have been defined as attributes into the database.
For example: If a model is defined as a “Lag phase duration (LPD) model”. Then the available option may be only the option for the Response Surface graphical representation.

MODEL INFORMATION


 (
IMPORTANT NOTES
1.
 The activation of the functions which represent the graphical representations of the selected model depends on its defined attributes:
)[image: ][image: ]



2. The solution of a selected model kinetic, depends on one of the following options:
<mu>max; Sqr<mu>max; ln<mu>max.
These options are encoded into the database of the software
 (
Static version
)


 (
Model: 311
M/O: 
Listeria
 
monocytogenes
Substrate
: 
Dairy products
T
-1
.
72
45
.
5
pH
4
.
71
9
.
61
aw
0
.
913
0
.
997
Phe
0
100
nit
0
150
CO2
0
48
.
4
<
mu>
max (h-1), Gamma-type eq.
Mejlholm
 et al., 2010
International Journal of Food Microbiology
141:137-150
)RESPONSE SURFACE MODEL

Let’s examine the following case studies: 

[image: ][image: ][image: ]
 KINETIC MODEL
	[image: ][image: ][image: ][image: ]
	The y axis represents the LogCFU/g or ml. The x axis represents the time. The time unit depends on the mumax unit, which is displayed below the graphical representation. E.g. if the mumax unit is h-1 (h-1 displayed), then the x-axis unit is h (hours).



 (
Static version
)                     


 (
Model: 
264
M/O: 
Salmonella 
enteric
Substrate
: 
Broths & Foods
T
7
30
pH
3.9
7.5
aw
0
.
9
5
0.999
Sqr
<mu>max (h-1), 
SQR
-type eq.
Pin et al., 2011
International Journal of Food Microbiology
145:S96-S102
)TIME TO X LOG RESPONSE SURFACE MODEL
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 (
Static version
)



RATE=ƒ(x) and RATE= ƒ(TIME TO X LOG)

[image: ][image: ][image: ][image: ][image: ] (
Model: 
38
M/O: 
Botrytis 
cinerea
Substrate
: 
Potato Dextrose Agar
T
2
30
S
qr
<mu>max (mm/day), 
Rosso
 Cardinal 
model
Judet-Correia
 et al., 2010
International Journal of Food Microbiology
142, 106-113
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GROWTH MODELS (DYNAMIC VERSION)

	[image: ]
	By selecting the dynamic version, the user can import an external file including measurements of environmental or physicochemical variables as function of time, from “DYNAMIC FILES” folder (examples of files with dynamic conditions).

The first column in each file includes always the time measurements. A special limitation concerning on the functionality of the software requires that the label of the first column (cell “A1”) is “hours”.

	[image: ]



After the Growth model selection, the user may select a dynamic model by clicking on the “DYNAMIC” CommandButton. After the file selection, the software displays the graphical profile (s) of the measurements included into the file.
[image: ][image: ][image: ] (
DYNAMIC VERSION
)[image: ]

By clicking on the “TRANSFER” CommandButton, the user can enter the values of the remaining variables defined by the selected model. 
In the example displayed above, there is not a remaining variable. 
The dynamic version can be applied also to Gamma models with interaction and to Inactivation models. 
Moreover, the user has the ability to represent into a kinetic graphical representation a series of introduced data. The user may introduce an Excel file including time vs LogCFU/g or ml data by clicking the Excel command button. By clicking the CommanButton “CLR”, the introduced data can be deleted.

CASE STUDY:
Conditions:
Select model: GAMMA MODELS WITH INTERACTION
Food substrate: Meat
Model: 212
DYNAMIC VERSION
Load file: Val1_pH_aw_10oC_Belessi_Milk
Temperature (T) = 10oC
Phenols (Phe) = 0
Nitrites (nit) = 0
CO2 = 0
N0 = 2
H0 = 0
Nend = 8
Select profile = aw
Load Excel file = Val1_t vs Log_Belesi


[image: ]














INACTIVATION MODELS

The functions of this model category are the same as Growth models which has been extensively described above. The only difference concerns on the direction of the sigmoid curve.

[image: ] (
CSV file extraction
) (
Model information
)[image: ]




                                                 INTEGRATED MODELS       

CASE 1: MODELS INCLUDING THE VARIABLES T (TEMPERATURE), PH, AW (WATER ACTIVITY)
[image: ]



	[image: ]




[image: ]
Initially the user selects the  “INTEGRATED MODELS” option. 
Then the software, automatically displays a window providing the ability to the user to import a dynamic file into the software. 
Let’s assume that the user selects the file “GPF6_T_Koseki”, including time-temperature measurements. 
 By pressing the CommandButton “Open”, a UserForm including the graphical representations of the dynamic data is displayed.
This UserForm may display up to 11 measurements profiles.




	[image: ][image: ][image: ][image: ][image: ][image: ][image: ]
	
By clicking on the “” CommandButton, the software segregates only the Growth models providing the user the ability to select a model of his interest. 
Let’ s assume that the user selects the model 310. 
After, the software segregates the corresponding Inactivation models. 
Let’ s assume that the user selects the model 303. 





Models characteristics:
	Model 310:
M/O: Listeria monocytogenes
Substrate: Poultry
Food: Poultry
Variables: 
	T
	-1,72
	45,5

	pH
	4,71
	9,61

	aw
	0,913
	0,997

	Phe
	0
	100

	nit
	0
	150

	CO2
	0
	48,4


Mejlholm et al., 2010
International Journal of Food Microbiology
141:137-150
<mu>max (h-1), Gamma-type eq.
	Model 303:
M/O: Listeria monocytogenes
Substrate: Brain Heart Infusion broth
Food: Beef gravy
Variables: 
	T
	55
	65

	pH
	4
	8

	aw
	0,999
	0,964

	SPP
	0
	3


Juneja & Eblen, 1999
Journal of Food Protection
62:986-993
ABS(Death rate) (h-1), Polynomial eq.




[image: ]


[image: ]


By clicking on the “DYNAMIC” CommandButton, two UserForms are displayed sequentially by clicking on the corresponding “” CommandButton controls. The first Userform corresponds to the selected Growth model (310 in our case study) and the second Userform corresponds to the Inactivation model (303). The temperature TextBox control doesn’t allow the user to enter a value, because the temperature data has been imported from the dynamic file. The user has to enter the values only into the available TextBox controls.  He/she may enter zero values into the other TextBox controls.

[image: ][image: ][image: ] (
CSV file extraction
) (
Model information
) (
By clicking on the 
“
”
 
CommandButton
 a 
UserForm
 is displayed for the selection of the available corresponding Growth/No Growth models. By selecting the Growth/No Growth model of interest, a 
UserForm
 which refers to the Growth/No Growth selection is displayed. The user may enter the values of the variables which are not included into the dynamic file, in our case, pH and aw. The remaining variables may be filled by zero values.
Finally, the user enters the lowest and the highest 
logCFU
 value in order to display the 3-axes graphical representation expressing the 
LogCFU
/ml=
ƒ(
t) and Variable =ƒ(t).
)[image: ]




CASE 2: MODELS WITH COMMON VARIABLES
[image: ]

[image: ]

Initially the user selects the  “INTEGRATED MODELS” option. 
Then the software, automatically displays a window providing the ability to the user to import a dynamic file into the software. 
Let’s assume that the user selects the file “GPF6_T_Koseki”, including time-temperature measurements. 
 By pressing the CommandButton “Open”, a UserForm including the graphical representations of the dynamic data is displayed.
This UserForm may display up to 11 measurements profiles.
[image: ][image: ][image: ]

In this case, the variables are: T (temperature), Phe (phenols) and NaCl (salt). These variables are the same for Growth, Inactivation and Growth/No Growth models. Let’s assume that the user selects the 286 Growth model and the 285 Inactivation model.
Models characteristics:
	Model 286:
M/O: Listeria monocytogenes
Substrate: Salmon fillets
Food: Cooked Salmon - treated with salt and liquid smoke
Variables: 
	T
	0
	25

	Phe
	0
	34

	NaCl
	0
	8


Hwang, C-A., 2007
Journal of Food Protection
70:2321-2328
Sqr<mu>max (h-1), SQR type eq.
	Model 285:
M/O: Listeria monocytogenes
Substrate: Salmon fillets
Food: Cooked Salmon - treated with salt and liquid smoke
Variables: 
	T
	40
	55

	Phe
	0
	15

	NaCl
	0
	6


Hwang, C-A., 2009
Journal of Food Science
74:522-529
Ln(Inactivation rate) (h-1) polynomial eq.




[image: ]
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By clicking on the CommandButton “DYNAMIC”, a UserForm common for both Growth and Inactivation models is been displayed. The user may enter the remaining values of the variables. 

By clicking on the “” CommandButton, a UserForm is displayed for the selection of the available corresponding Growth/No Growth models. 
By selecting the Growth/No Growth model of interest, a new UserForm is displayed. The user may enter the lowest and the highest logCFU value in order to display the 3-axes graphical representation expressing the LogCFU/ml=ƒ(t) and Variable =ƒ(t).
[bookmark: _GoBack][image: ][image: ] (
Model: 
287
M/O: 
Listeria
 
monocytogenes
Substrate
: 
Salmon fillets
T
0
25
Phe
0
34
NaCl
0
10
Logit
(
P)
Hwang, 2009
Food Microbiology
26:253-258
)[image: ]
GAMMA MODELS WITH INTERACTION

Both the static and the dynamic version can be applied for the solution of the Gamma models with interaction. The mechanism of this model category differs than the mechanism of the models which have already mentioned above. The idea of the software development for this model category is based on “all in one screen”.
Let’s assume that the user selects the options of a Gamma model with interaction which are displayed below:

[image: ]

Then, the user may select the Static or Dynamic mode in order to simulate the growth of the selected model. 



STATIC MODE

Let’s assume that the user selects the Static mode. A Userform which includes all the available procedures is displayed.

[image: ]


The Userform displays preloaded values in all variables and parameters. The kinetic function is already being solved based on the preloaded values. By changing the values displayed and clicking on the “[image: ]” or “[image: ]”  CommandButton(s), the sigmoidal curve is changing. By clicking on the CommandButton “[image: ]”, the preloaded values appear again, and the sigmoid curve returns to the initial situation. By changing the values, an informational message appears, having the following values: (i) No growth occurs, (ii) No interactive effect, (iii) Interactive effect.

	[image: ]
	[image: ]
	[image: ]



Moreover, the user can click on the x, y axis and “[image: ]” CommandButton in order to simulate a response surface model, followed by a contour plot diagram. 
[image: ]
After selecting each x and y axis, the other x,y-CommandButtons are disappeared. The remaing CommandButtons expressing the x and y axis, indicate the corresponding variables. By clicking on the “[image: ]” CommandButton, all the x,y-CommandButtons return to the initial situation.

DYNAMIC MODE

By selecting the dynamic version, the user can import an external file including measurements of environmental or physicochemical variables as function of time, from “DYNAMIC FILES” folder (examples of files with dynamic conditions).

The first column in each file includes always the time measurements. A special limitation concerning on the functionality of the software requires that the label of the first column (cell “A1”) is “hours”. However, the functionality of the specific simulation impose some additional restrictions in the external file record format, which are described below in detail:
[image: ]
The Userform including above instructions can be displayed by clicking on the CommandButton “[image: ]” in the main Userform of the GroPIN software.

After importing the external dynamic file, the corresponding Userform for the simulation of the dynamic mode is displayed:

[image: ]

The variables that are included into the imported file are indicated by the red (and locked) TextBox controls. The variables which are not included into the dynamic file have the zero value by default. The software simulates the preloaded values and generates the displayed sigmoid curve. By changing the values displayed into the TextBox controls and clicking on the corresponding “[image: ]” or “N0, H0, Nend” CommandButton(s), the sigmoidal curve is changing.
The coordinates which represent the interaction between the environmental variables during the microbial growth are displayed on the sigmoid curve by black colors. The user may also display the profile of an environmental parameter of the introduced dynamic file. Moreover, the user may introduce an Excel file including time vs LogCFU/g or ml data. By clicking the CommanButton “CLR”, the introduced data can be deleted.
[image: ]
































MONTE CARLO SIMULATION

	[image: ]
	Let’s assume that the user has select the model 259 (concerning on the food system: Listeria monocytogens/Lettuce salad) from the database. By clicking on the ComboBox control selection below the “MONTE CARLO” CommandButton control, the user has two options in order to select to simulate the selected model:
[image: ]
MONTE CARLO STATIC MODE
Let’s assume that the user selects the “Static” option of the Monte Carlo simulation. After the selection he has to click on the “MONTE CARLO” CommandButton control. Then, a UserForm is displaying including the Variables of the selected model (Informational fields) and the corresponding average (AVG) and standard deviation (STDEV) fields per variable. 
[image: ]


	These two fields are computated by the software in order to help the user to decide if he/she wants to keep the given values or to change them. The user may redefine manually the computated values because the fields are updatable. Lets assume that he/she keeps the AVG value, while he/she changes the STDEV value:

	
	e.g.
	
	

	[image: ]
The user can remove the displayed data by clicking on the corresponding delete CommandButton control, in the right side of the UserForm.

By clicking on the “” CommanButton control, the user has to enter some complementary values into the Monte Carlo simulation UserForm which is displayed below, in order to perform a Monte Carlo simulation.




The user has to enter the average and standard values of N0 (initial concentration of the microorganisms), the average and standard values of Lag phase duration (in the form of H0- initial physiological state of cells), the rate equation error, the average and standard values of Nend (final concentration of the microorganisms) and the time. The information fields are:
· The frequency of the LogCFU/ml or g (in the case that the total log values of the microorganisms are distributed in log values less than 0, these values are summed up to “0-“. Otherwise, the values are summed up to “9+“).
· The average value of the LogCFU/ml or g.
· The standard deviation of the LogCFU/ml or g.
· The rate unit.
· The information that the total of iterations including stochastic values are up to 250.
Let’s assume that the user enters the following data:

[image: ]

Then, the Monte Carlo is calculated and the graphical representations expressing the risk assessment is displayed as follows:
[image: ]

Let’s assume that the user replaces the value 1 into the field “N0 mean” by the value 8 and the value 2 into the field “H0 mean” by the value 1. Then the graphical representations will change to:
[image: ]
It is obvious that when the analysis which is displayed in the first graph, is too limited, then a novel graph including extended analysis replaces the cumulative distribution graph.
  
MONTE CARLO DYNAMIC MODE

The procedures are similar to the static mode. The differences are focused to the following points:
· In the dynamic version, the user has to select an Excel file including time-variable(s) data to import e.g. the Koseki dynamic data file.
[image: ]
· When the data from dynamic file have been imported into the GroPIN software, the user has to introduce the minimum values of the variables which are imported from the dynamic file, e.g. for the Koseki imported data:
[image: ]
The user can retrieve some information about minimum values from a table of data by clicking on the information CommandButton.
A major difference from the static version is in the case of the “SELECT ACTIVE VARIABLES” UserForm. The simple case is when the variables of the model coincide with the variables of the dynamic data file. Then the fields of Var(Eff)/Average and STDEV have white color. The user perceives that the software generates the Var(Eff)[footnoteRef:1] value and the corresponding STDEV value. When the dynamic data file imported variables do not coincide with the active model variables, then the fields of Var(Eff)/Average and STDEV have red color. The user perceives that the software generates the Average value of the corresponding interpolation area of the model variable and the STDEV value respectively.   [1:  ] 


[image: ]



LETHALITY MODELS

Two different modes can be applied for the simulation of the lethality determination. Mode 1: The user may click on the CommandButton “LETHALITY”, bypassing the selection of a registered model from the database. A time-temperature external file can be imported, while the values of Tref, Z-value and D-value can be introduced also. These values need to be relevant and appropriate for the type of product and the organism of interest.


[image: ]

By selecting the file of interest, the profile is displayed as an independent level in the model’s graphical representation (Active model). 
[image: ]

[image: ]

By importing the corresponding values, a sigmoid curve is displayed in the side of the “Active model”, while the profile has been transferred in the right side of the screen. 
The Y-axis of the graphical representation is the F-value, while the X-axis is the time unit. The Y-axis displayed time unit is originated from the A1-cell of the imported file. So, the user has to process the time unit into the corresponding cells of the external excel file.
The “F-value” is calculated automatically. Moreover the “Log Reduction of Process” is automatically determined by dividing the cumulative F value by the D value that was entered into the appropriate labeled cell.
By changing the Tref, Z, D values, when the “CALCULATE” CommandButton is clicked on, the previously developed model is moving to the right side of the display screen and the new model is displayed into the left side. By this way, the user may compare the two models after changing the corresponding values.

[image: ]

The user may also change the time-temperature profile by clicking on the “IMPORT DYNAMIC FILE” CommandButton. The new file can be selected and imported while the existing model re-adjusts:
[image: ]
By clicking on the “LOAD NEW MODEL” CommandButton, a novel lethality model may be selected from the database. The database display screen is loaded automatically, enabling the filtering and selection of the model of interest:
[image: ]
After selecting a specific model and clicking on the CommandButton “[image: ]”, the novel model is calculated and the display screen re-adjusts:
[image: ]
The data of the imported model are displayed in the area of the “Model’s values”. Moreover, the data concerning on the model and the paper are displayed into the left below side of the screen. Now, the user has the ability to import a new model or import data of a dynamic file or insert his own data for Tref, Z and D fields in order to continue.
Mode 2: By clicking on “SELECT MODEL” into the main Userform, the user may filter and select a specific lethality model.

[image: ]
After selecting the model of interest, the user may click on “LETHALITY DETERMINATION” CommandButton in order to import and calculate the selected model. The procedure has been described above.


MODELS COMPARISON

By clicking on the CommandButton “MODELS COMPARISON”, the user may compare two Growth or Inactivation models. Some of the comparison options that the software provides to the user are:
· Between the same conditions of two different Microorganism-Food systems,
· between two different set of conditions concerning on the same Microorganism-Food system,
· between same conditions of the same microorganisms but for two different food substrates,
·  etc.

CASE STUDY:
Comparison between two Growth models:

· MODEL 1 SELECTION (Growth model 25, T=25oC, aw=0.98):
[image: ]





· MODEL 2 SELECTION (Growth model 418, T=5oC, aw=0.98):
[image: ]

· RESULT:
[image: ]
· By clicking on the red CommandButton, the user may re-select a different first model, while the second remains as it is for comparison.
· By clicking on the blue CommandButton, the user may re-select a different second model, while the first remains as it is for comparison.

SOME EXAMPLES OF COMPARISON:

[image: ]
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ANNEX
















		1st
 VARIABLE 

	S/N:14
	
	RANGE FROM
	RANGE
TO

	CELLS:
	E
	F
	G

	VALUES:
	
	
	

	EQUATION
CELLS:
	B2



		2nd
 VARIABLE 

	S/N: 15
	
	RANGE FROM
	RANGE
TO

	CELLS:
	H
	I
	J

	VALUES:
	
	
	

	EQUATION
CELLS:
	C2




	
	

		3rd
 VARIABLE 

	S/N: 16
	
	RANGE FROM
	RANGE
TO

	CELLS:
	K
	L
	M

	VALUES:
	
	
	

	EQUATION
CELLS:
	D2



		4th
 VARIABLE 

	S/N: 17
	
	RANGE FROM
	RANGE
TO

	CELLS:
	N
	O
	P

	VALUES:
	
	
	

	EQUATION
CELLS:
	E2




	
	

		5th
 VARIABLE 

	S/N: 18
	
	RANGE FROM
	RANGE
TO

	CELLS:
	Q
	R
	S

	VALUES:
	
	
	

	EQUATION
CELLS:
	F2



		6th
 VARIABLE 

	S/N: 19
	
	RANGE FROM
	RANGE
TO

	CELLS:
	T
	U
	V

	VALUES:
	
	
	

	EQUATION
CELLS:
	G2




	
	

		7th
 VARIABLE 

	S/N:20
	
	RANGE FROM
	RANGE
TO

	CELLS:
	W
	X
	Y

	VALUES:
	
	
	

	EQUATION
CELLS:
	H2



		8th
 VARIABLE 

	S/N:21
	
	RANGE FROM
	RANGE
TO

	CELLS:
	Z
	AA
	AB

	VALUES:
	
	
	

	EQUATION
CELLS:
	I2




	
	

		9th
 VARIABLE 

	S/N:22
	
	RANGE FROM
	RANGE
TO

	CELLS:
	AC
	AD
	AE

	VALUES:
	
	
	

	EQUATION
CELLS:
	J2



		10th
 VARIABLE 

	S/N:23
	
	RANGE FROM
	RANGE
TO

	CELLS:
	AJ
	AK
	AL

	VALUES:
	
	
	

	EQUATION
CELLS:
	AJ2




	S/N
	CELL
	COEFFICIENT
LABEL
	EQUATION
CELL
	
	S/N
	CELL
	COEFFICIENT
VALUE

	24
	BA
	
	K2
	
	44
	BB
	

	25
	BC
	
	M2
	
	45
	BD
	

	26
	BE
	
	O2
	
	46
	BF
	

	27
	BG
	
	Q2
	
	47
	BH
	

	28
	BI
	
	S2
	
	48
	BJ
	

	29
	BK
	
	U2
	
	49
	BL
	

	30
	BM
	
	W2
	
	50
	BN
	

	31
	BO
	
	Y2
	
	51
	BP
	

	32
	BQ
	
	AA2
	
	52
	BR
	

	33
	BS
	
	AC2
	
	53
	BT
	

	34
	BU
	
	AE2
	
	54
	BV
	

	35
	BW
	
	AG2
	
	55
	BX
	

	36
	BY
	
	AI2
	
	56
	BZ
	

	37
	CA
	
	AK2
	
	57
	CB
	

	38
	CC
	
	AM2
	
	58
	CD
	

	39
	CE
	
	AO2
	
	59
	CF
	

	40
	CG
	
	AQ2
	
	60
	CH
	

	41
	CI
	
	AS2
	
	61
	CJ
	

	42
	CK
	
	AU2
	
	62
	CL
	

	43
	CM
	
	AW2
	
	63
	CN
	



RATE MECHANISM:
	S/N
	Insert
	Available values
	CELL
	VALUE

	64
	transformation
	<mu>max
	CP
	

	
	
	ln<mu>max
	
	

	
	
	Sqr<mu>max
	
	


RATE LABEL:
	S/N
	Insert
	
	CELL
	VALUE

	65
	Label
	
	AX
	



WRITE HERE THE ORIGINAL EQUATION:
	67 CELL: CQ

	














	ENCODE THE EQUATION ACCORDING TO THE RED FIELDS:

	













	e.g.(-8.605+(0.973*C2)+(0.061*B2)-(0.026*(C2^2)))
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