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PREDICTIVE MICROBIOLOGY
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SALMONELLA AND CHICKEN
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* Typhimt on chicken

Thompson ® Kentucky, Enteritidis, 8,20:-:z,

O ® Unknown growth on chicken
/3 ®* 4,5,12:Nonmotile, 4,1 2:Nonmotile







AUTOMATED MINI-MOST PROBABLE NUMBER METHOD

® Selective plo

® Drop plating (2 hI) — 24 h at 40°C
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Table 1. Results of the two-way analysis of variance for growth of Salmonella serotypes in ground
chicken thigh meat subjected to temperature for 0 to 8 days at 16°C

(

Source of Variation % of fotal variaton P value P value summary Significant?

Interaction 0.585 0.2167 ns No
Time 94.68 < 0.0001 e Yes

Serotype 0.8763 < (0.0001 e Yes

ANOVA table SS DF MS F (DFn, DFd) P value

Interaction 5.224 35 0.1493 F (39,228)=1.199 P =0.2167
Time 845.4 5 169.1 F (5, 228) = 1358 P < 0.0001

Serotype 7.825 7 1.118 F(7,228)=8.980 P <0.0001

Residual 28.38 228 0.1245




Table 2. Effect of time on growth of Salmonella serotypes in ground chicken thigh meat subjected to
temperature abuse at 16°C: Tukey's multiple comparison test (P < 0.05)

8,20:-:z6 Typhimurium var 5- 4,5,12:Nonmotile Kentucky
Comparison | Mean Diff. Significant?| Mean Diff.  Significant?| Mean Diff.  Significant? | Mean Diff. Significant?
Ovs. 1 -1.61 Yes -1.75 Yes -1.49 Yes -1.37 Yes
Ovs. 2 -3.34 Yes -3.45 Yes -3.63 Yes -3.33 Yes
Ovs. 4 -4.21 Yes -4.53 Yes -4.46 Yes -4.07 Yes
Ovs. 6 -4.66 Yes -4.79 Yes -4.33 Yes -4.14 Yes
Ovs. 8 -4.33 Yes -4.86 Yes -4.45 Yes -4.35 Yes
1vs. 2 -1.73 Yes -1.71 Yes 2.14 Yes -1.97 Yes
1vs. 4 -2.60 Yes 2.79 Yes 2.97 Yes 2.70 Yes
1vs. 6 -3.05 Yes -3.05 Yes -2.84 Yes 2.77 Yes
1vs. 8 2.72 Yes 3.1 Yes -2.95 Yes 2.99 Yes
2Vs. 4 -0.87 Yes -1.08 Yes 0.84 Yes 0.73 Yes
2VS. 6 -1.32 Yes -1.34 Yes 0.70 Yes -0.81 Yes
2Vs. 8 0.99 Yes -1.40 Yes -0.82 Yes -1.02 Yes
4vs. 6 0.45 No -0.26 No 0.13 No -0.07 No
4vs. 8 0.12 No -0.32 No 0.02 No -0.29 No
6vs. 8 0.33 -0.07 No 0.12 No -0.22 No
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Table 3. Effect of serotype on growth of Salmonella in ground chicken thigh o/
meat subjected to temperature abuse at 16°C: Tukey's multiple comparison

test (P < 0.05)

Day Comparison Mean Diff. | Significant?
4 8,20:-:z6 vs. Thompson -0.70 Yes
6 4,5,12:Nonmotile vs. Typhimurium -0.76 Yes
0 Kentucky vs. Typhimurium -0.83 Yes
0 Kentucky vs. Thompson -0.66 Yes
0 Typhimurium vs. Enteritidis 0.73 Yes
8 8,20:-:z6 vs. Typhimurium var 5- -0.74 Yes
8 8,20:-:z6 vs. Typhimurium -0.63 Yes
3 8,20:-:z6 vs. Thompson -1.01 Yes
3 4,5,12:Nonmotile vs. Thompson -0.71 Yes
8 Kentucky vs. Thompson -0.69 Yes




MODEL DEVELOPMENT
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*Software

® Excel

®* NeuralTools

*Data
® Training (n = 192)
® Testing (n = 84)
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j MeuralTools - Data Set Manager [Bookd ]

................................

v Apply Cell Formatting

Variables

Excel Data Range Variable Mame
AA2TT Tag

B2:B2T77 serotype
CaC2T7 Time

D2:0277 Log

........... New i =5
Delete
Data Set
Mame |Data Set #1
Excel Range |.-5. 1:D277 E| Multiple...

Variable Type

Tag

Independent Category
Independent Numeric
Dependent Mumeric

4 Variables, 274 Data Cells Per Variable

Import...

Cancel
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MeuralTools - Training @ :

Train Net Configuration ]R_unﬁmel

Type of Net | MLF Net -
Options:

| Perform Linear Regression (Mumeric Prediction Only)

Mumber of Modes in 1st Layer | 2

Mumber of Modes in 2nd Layer | 0

Description:
A MultiLayer Feedforward Metwork consists of an input layer of nodes, one or two hidden
layers, and an output layer. A net is configured by spedifying the numbers of nodes in bath
hidden layers. By selecting zero nodes, the second layer is eliminated; it is seldom needed for
better prediction accuracy. MeuralTools can auto-configure the net based on training data. If
possible, use the more time-consuming Best Met Search to find the optimal configuration.
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(O to 8 days)
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STEP 3: TRAIN 4
THE NEURAL NETWORK

MeuralTools - Training
Train | Met Configuration  Runtime I

Training Runtime

(Total Time for Best Met Search: 12 Hours for & Mets)

[~ Trials 1000000

v Progress
%% Change in Errar

Minutes

MeuralTools - Training in Progress

Training Progress (MLFM Mumeric Predictar with 2 Nodes)

00:01:37
1510000
0.1493813

Time since Start
Mumber of Trials
Error on Training Set

Error During Last 5 Minutes Error During Training Period {in Haurs)




ACCEPTABLE PREDICTION ZONE PAPZ = 0.960 (265/276)
METHOD .

K STEP 4: EVALUATE Acceptable Prediction Zone Anlysis
\

O

Acceptable Accuracy and Bias

Residual (log)

-1 log (fail-safe) to 0.5 log (fail-dangerous)
Residual (log) = observed - predicted
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4,5,12:Nonmotile
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Oscar, 2005, J. Food Prot. 68:2606-261 3.



TABLE 4. Performance of the neural network model for growth of Salmonella serotypes in ground chicken thigh meat stored at
16°C for 0 to 8 days
Train Test Train + Test

Serotype In Total  pAPZ In Total pAPZ In Total pAPZ
8,20:-:z6 23 24 0.958 12 12 1.000 35 36 0.972
Typhimurium var 5- 24 24 1.000 12 12 1.000 36 36 1.000
4,5,12:Nonmotile 22 24 0.917 12 12 1.000 34 36 0.944
Kentucky 21 24 0.875 12 12 1.000 33 36 0.917
Typhimurium 22 24 0.917 12 12 1.000 34 36 0.944
O Thompson 23 24 0.958 12 12 1.000 35 36 0.972
4,12:Nonmotile 23 24 0.958 5 6 0.833 28 30 0.933
Enteritidis 24 24 1.000 6 6 1.000 30 30 1.000
182 192 0.948 83 84 0.988 205 216 0.960
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STEP 5: DEVELOP
THE PREDICTIVE MODEL
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Kentucky

Time (days)

NeuralTools

Sophisticated Neural Networks for Excel
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Sophisticated Neural Networks for Excel
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MODEL SIMULATION RESULTS

— Mixed
- = Thompson
. 8,20-76
®* Mixed = 0.029 — 1.03 — 4.91 log increase.

®* Thompson = 0.034 — 1.08 — 4.78 log increase.

* 8,20:-:z, = 0.025 — 0.86 — 4.50 log increase.
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