
Comparison of TEMPO TVC, TEMPO TC, TEMPO EC 
with conventional culture methods in Meat Based Products

In the food industry, enumeration of quality indicators are determined by time-
consuming conventional methods. The TEMPO system has been develo ped to replace 
serial dilutions, media preparation and tedious plate reading with a simple 1/10 dilution 
and automated enumeration based on Most Probable Number (MPN) method. The 
applications of the system TEMPO for TVC (Total Viable Count), TC (Total
Coliform), and EC (Escherichia coli) were compared with the appropriate ISO 
reference methods for a range of meat, poultry and egg products.

INTRODUCTION

MATERIALS AND METHODS
Ø Reference Methods
Total Viable Count: NF ISO 4833 (May 2003 ) PCA, 30°C ± 1°C / 72h ± 3h.
Total Coliform: NF ISO 4832 (July 1991) VRBL, 30°C ±1°C / 24± 2h.
Escherichia coli: NF ISO 16649-2 (July 2001) TBX, 44°C ±1°C / 18 to 24 h.

Ø TEMPO Methods
Total Viable Count: TEMPO TVC, 30°C ± 1°C / 40-48h.
Total Coliform: TEMPO TC, 30°C ±1°C / 24-27h.
Escherichia coli: TEMPO EC, 37°C ± 1°C / 24-27h.

Ø Sample testing
Two main categories of naturally contaminated samples were tested : 
Ømeat products, including beef, veal, lamb and delicatessen,  
Øpoultry products including egg products. 
For each category, raw, processed and cooked samples were analysed. 

1335 results were considered as “in range” for both methods (i.e. for the two methods a 
log10 transformation can be applied).

Ø Data analysis
The biological performances of the TEMPO method vs. reference method were 
analysed for “ in range” data after conversion to log10 values. TEMPO and the reference 
method were considered to be in agreement if the differences in the counts obtained 
were less than one log10 .
According to “Campden : Guidelines for establishing the suitability of food 

microbiology methods (guideline N°29, 2001)” the following statistical analysis 
were performed :

i. Calculating error and checking for approximately Normal distribution 
ii. Estimate the average error, “bias”, and calculate a confidence interval on the bias. 

The bias must be near 0.
iii. For paired data, estimate the proportions of individual errors and calculate 

confidence intervals on those proportions. No more than 5% of in dividual 
differences must exceed +1.0 log count or – 1.0 log count.

RESULTS
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The differences distribution is approximately Normal, particularly well distributed 
symmetrically around 0 with small standard deviations. A Campden analysis was 
performed.

[+0.14 ; +0.20]+ 0.17EC   all products

[-0.04 ; +0.04]= 0TC   all products

[-0.09 ; -0.01]< 0TVC all products

Confidence intervalBias

Tab 1 : paired T Test of mean difference

In term of accuracy TEMPO TVC and TEMPO TC are similar with reference 
methods NF ISO 4833 and NF ISO 4832 for the enumeration of total viable count 
and total coliforms. A deviation is observed for the EC parameter due to a better 
recovery rate for TEMPO, accepted during the ISO 16140 validation.

Proportion of individual difference

The proportion of individual errors outside is much lower than 5%, the 
threshold defined by the Campden criteria. The TEMPO methods are similar to 
their respective ISO reference methods.

0.475 % [0.35 ; 0.64]0.013 % [0.01 ; 0.02]EC   all products

1.31 % [1.02 ; 1.67]1.31 % [1.02 ; 1.67]TC   all products

0.85 % [0.68 ; 1.10]1.54 % [1.25 ; 1.90]TVC all products

> 1.0 Log < 1.0Log

To test the equivalency of the two methods, a paired T Test was performed for each 
parameter. 

Tab 2 : Proportion of individual difference with confidence intervals

The comparison study of the TEMPO methods with the corresponding 
ISO methods demonstrated that TEMPO performs as well as the 
current standards for the enumeration of TVC, EC and TC on meat, 
poultry and egg  products. Log10 count agreement with the respective 
ISO reference method was 96% for TVC, 97% for TC and 99% for 
EC.

TEMPO offers improved standardization as well as important 
economic savings in terms of labor by reducing the number of 
operations at each step of the analysis process and represents a
valuable alternative to traditional culture for Quality Indicator 
enumeration in the food industry.

Mean Confidence interval on bias

CONCLUSION
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