User's Guide of the Inter-Batch Physico-Chemical Variability Calculator

1. Scope
The Inter-Batch Physico-Chemical Variability (IBPCV) Calculator enables assessment of the
impact of batch to batch variability in the physico-chemical characteristics (pH and aw) of a
food on the maximum growth rate of a bacteria.
This calculator is intended to be used in the growth range of the studied bacteria. This growth
range is delimited by the cardinal values (pHmin, pHmax and aw min, aw max) of the bacteria.

This calculator requires pH and aw values to characterize the batches.

2. Use of the IBPCV calculator

An overview of the IBPCV calculator is presented below.
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2.1Input data (blue zones) related to the food, the bacteria and the temperature of
the test

The food must be characterized by two physico-chemical parameters: pH and aw. The values

of these parameters for a batch are based on measurements taken on more than one sample

(ideally more than 10 samples).

The IBPCV calculator cannot be used for pH or aw values lower than the cardinal values of the
studied bacteria, and two warnings ("pH mean < pH min" and "aw mean < ay min") are

included in the calculator.

2.2 Food data

Enter the food data as follows:

¢ Column B "Batch". List the number of batches (maximum of 20) that have been tested.
Each batch is therefore characterized by mean values for pH and aw. The aw values for
the food can either be measured or derived from its salt (NaCl) and moisture content.
Note that a warning in red ("it is recommended to compare at least 3 batches") will

appear if fewer than 3 batches have values for both pH and aw

¢ Column C "pH". Enter the mean values for pH (to one decimal point) measured on the
day of manufacture of the food. A warning ("pH mean < pH min") will appear if the

entered value is lower than the minimum pH for growth of the bacteria of interest.

* Column D "Measured aw". Enter the mean values aw (to two decimal points) measured
the day of the manufacture of the food. A warning ("aw mean < aw min") will appear if

the entered value is lower than the minimum aw for growth of the bacteria of interest.

If no measured aw data is available but the initial NaCl and initial moisture contents
have been measured, the mean values of these two parameters can be filled in columns

E and F - "NaCl" and "Moisture".
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The IBPCV calculator will calculate an aw value according to the formula of Resnik and
Chirife (1988), given in the EURL Lm technical guidance document:
a,=1-0.0052471xWPS —0.00012206 x wpSs*

a, =1—0.0052471 x WP5 — 0.00012206 x Wps?
where WPS (Water Phase Salt) content (in g/100ml)
NaCl content (in g per 100 g)

= x100
moisture content (in ml per 100 g)

Note that this formula can only be used for food products where NaCl is the main

component responsible for the aw of the food.

e Column G"aw" gives the initial mean aw value of the product (measured or calculated

data) that is used for the inter-batch variability calculation.

For the calculations, the system prioritizes the measured aw values over the calculated aw.
2.3 Data about cardinal values of the bacteria
Input the cardinal values (Xmin, Xopt and Xmax) for temperature, pH and aw of the considered

bacteria. Data in table 1 (ANSES reference) below may be used.

[t is recommended that the values for temperature are entered as whole numbers, pH with

one decimal and aw value with two decimals places.
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2.4 Storage temperature data
Enter the temperature at which the challenge test is planned to be performed. The input value
is a whole number and always lower than the Topt of the studied microorganism.
A warning appears if the storage temperature of the test is below Tmin or above Topt of the

studied bacteria.

3. Resultin the calculator (in red)
The IBPCV calculator will conclude, on the impact of the variability of pH and aw on the
growth rate of a bacteria in the tested conditions of the challenge test, based on the physico-
chemical input data characterizing the product, the cardinal values of the bacteria and the
storage temperature of the challenge test.
The conclusion is either that "The impact of the variability of pH and aw is significant in the
tested temperature condition" or "The impact of the variability of pH and aw is not significant
in the tested temperature condition."
It is important to note that when the pH or aw values of the tested product are close to the
growth/no growth boundaries of the bacteria, slight changes in pH or aw values can have a
significant impact on the growth rate of the bacteria. This will lead to the conclusion that "The

impact of the variability of pH and aw is significant in the tested temperature condition".

4. References
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Annex

Calculation

e C(Calculate: ; oo T tf

. :h:

' opt Tmin a
T (°C) being the temperature used for the challenge test (T < Topt), Tmin (°C) and Topt (°C) being
respectively minimum growth temperature and optimum growth temperature of the studied

bacteria.

o pr_H <pH,,, calculate:
0 Jif pH +2s,,, > pH,,

AR— 3
and i = Hope —\PH +2s if pH
2 P pt (p pH) i pH + ZSpH < pHopt
pH opt pH min

pH

M, (pH 25)
pHs (é

[SE RIS ow

opt m|n

p_H being the between-batch mean pH of the food, s being the between-batch sample

standard deviation for the pH of the food, pHmin and pHop: being respectively minimum and

optimum pH for growth of the studied bacteria.

J prH>pH0 ., calculate:
<_ ) 3 0 Jif pH =25, < pH,,
pH +2s ., )- pH, —
Dons = o = and Poni = (pH _ZSpH)_ pHopt e
pHmax - pHopt pH pH 1|f pH _ZSpH > pHopt
max opt

pH, . being the maximal pH for growth of the studied bacteria.

o If i < @upt » Calculate:

_ E 0 Jifa, +2s, >a,.,
. ?Wpl B (aw B 2Sa )+ - 3
J as = ﬁ_ and (Daw,i = aWopt — (aw + ZSaW) it _
é opt win B A a,, + 2Saw < a‘Wopt
aWopt - anin
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a_w being the mean between-batch mean ay of the food, s, being the between-batch sample

standard deviation for the aw of the food, aw min and aw opt being respectively minimum and

optimum aw for growth of the studied bacteria.

e Ifa >a calculate:

w — “wopt’
(_ , 3 0 Jifa, -2s, <
a, t42s, )_ aWopt —
D, s = a and (Daw,i = (aw _ZsaW )_ a‘Wopt
a —a

W max Wopt

W max _aWopt ay wopt

A, Deing the maximal aw for growth of the studied bacteria.

e C(Calculate the two parameters:

- /T + / oH.s . ./ a,.s
201/ 3 JA-7, ) 2Q4 Q-7 ) 27 A7)

Vs

and,

= J + / pHi + /awvi
20 y)A-7,0 209 )A-7, ) 205 A7 ,)

Y

o Then calculate: Dy | =/ \c*/ as ™/ i~/ any AN DY =y - ),
The physico-chemical inter-batch variability (pH and aw) of the food has a relevant impact on

the growth of the studied strain if at least one of the parameters D/ orDy isover 0.2.
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