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TS 3: Food microbiology analysis techniques

Microbiological control of food is a fundamental step in assessing both food safety and quality of products intended for human consumption. It enables the detection, quantification, and control of microorganisms that may compromise consumer health or indicate deficiencies in hygiene practices during food production and handling.

1. Objectives of food microbiological control
The main objectives of microbiological analysis of food include:
· Verifying regulatory compliance with microbiological criteria;
· Assessing the hygienic quality of manufacturing processes;
· Identifying sources and routes of microbial contamination;
· Developing strategies for controlling biological hazards within the food chain.

2. Regulatory Framework for Food Microbiological Analyses
Microbiological analyses of food are conducted within two main regulatory contexts:
· Self-monitoring programs: carried out directly by food business operators as part of their Food Safety Management System (FSMS) and Prerequisite Programs (PRPs)
· Official controls: performed by public health and food safety authorities to verify compliance with national and international regulations.

3. Sampling and sample collection
Sampling is a planned process consisting of selecting, in a representative manner, a fraction of a food lot (the sample) in order to perform analyses whose results will be extrapolated to the entire lot. This process includes the definition of an appropriate sampling plan.
Sample collection (sampling operation) refers to the technical procedure of physically removing one or more units from the lot. It represents the practical implementation of the sampling strategy.

3.1. Fundamental principles of sampling
According to ISO 7218:2024, the laboratory must receive a sample that meets the following three essential conditions:
· It must be representative of the lot;
· It must be undamaged;
· It must be unaltered.

3.2. Sampling protocol and traceability
To ensure full traceability and analytical reliability, several key parameters must be documented:
· Nature and precise origin of the product;
· Exact date and time of sampling;
· Unique identification number for each sample;
· Full contact details of the requesting party;
· Detailed list of the required microbiological analyses;
· Sampling conditions.
The number of units to be collected depends on the type of food product. Regulations commonly recommend five units of 100 g, resulting in a total sample weight of 500 g. However, specific food categories may require adapted sampling strategies based on their intrinsic characteristics and associated microbiological risks.

3.3. Storage and transport conditions
Samples must be delivered to the laboratory as rapidly as possible, while maintaining the original storage conditions to preserve the initial microbial load. Temperature requirements depend on the nature of the product:
· Stable products: 18–27°C
· Perishable products: 0–4°C
· Frozen products: < -18°C

3.4. Reception of samples at the laboratory
Upon receipt, the following steps are performed:
· Visual and documentary inspection of the samples;
· Verification of the reception temperature for perishable products;
· Microbiological analysis must be initiated as soon as possible after reception (≤ 24 h).
· Samples awaiting analysis must be stored under conditions that preserve the initial microbial population;

3.5. Homogenization, Preparation of the Primary Suspension, and Decimal Dilutions
The food sample is first homogenized to ensure an even distribution of microorganisms within the food matrix. From this homogenate, a primary suspension is prepared.
Subsequently, decimal dilutions are prepared by transferring aliquots into tubes containing 9 mL of sterile diluent, allowing the preparation of successive tenfold dilutions required for microbial enumeration.

4. Microbiological Analyses
Microbiological analyses are based on two complementary approaches: 

4.1. Quantitative analyses: Microbial enumeration
Quantitative analyses aim to determine the concentration of viable microorganisms present in a food product.
They are based on the counting of colonies obtained after inoculation on appropriate culture media, providing a numerical estimation of the microbial load, expressed as colony-forming units (CFU) per gram or per millilitre.
The choice of analytical parameters depends on several factors:
· the type of microorganism under investigation;
· the nature of the food matrix (fatty, dry, viscous, fibrous, liquid);
· the possible presence of competitive microflora or inhibitory substances;
· the sensitivity of the microorganism to heat or oxygen;
· the applicable regulatory requirements.
Microbial enumeration methods mainly rely on culture-based techniques, using either solid or liquid media: 

4.1.1. Enumeration on solid media
Two main techniques are commonly applied.

A. Pour plate method (in-depth inoculation)
	A defined volume of the selected dilution is placed in a sterile Petri dish. Subsequently, molten agar medium is added and carefully homogenized. This method is suitable for the enumeration of strictly aerobic microorganisms.


B. Spread plate method (surface inoculation)
A smaller volume of the inoculum is deposited on the surface of a previously solidified and dried agar plate. The inoculum is evenly distributed using a sterile spreader. This method preserves heat-sensitive microorganisms and facilitates the observation of colony morphology.

4.1.1.1. Calculation and expression of results on solid media
· Only plates containing 15 to 300 colonies are considered valid for total counts;
· For characteristic colony counts, the acceptable range is 15 to 150 colonies.
When two successive dilutions yield counts within the valid range, the concentration of microorganisms (N) in the test sample is calculated as a weighted mean based on the results of both dilutions.
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Where:
· Σc = sum of colonies counted on all retained plates;
· V = volume of inoculum applied per plate (in mL);
· n₁ = number of plates counted at the first selected dilution;
· n₂ = number of plates counted at the second selected dilution;
· d = dilution factor corresponding to the first selected dilution.
Results are expressed as the number of microorganisms per gram (solid products) or per millilitre (liquid products), using a value between 1.0 and 9.9 multiplied by the appropriate power of 10.
Units: CFU/g or CFU/mL.

4.1.1.2. Main microbial groups enumerated
Commonly evaluated microbial flora include:
· Total mesophilic aerobic flora (TMAF): ISO 4833-1:2013;
· Enterobacteriaceae: ISO 21528-2:2017;
· Total and thermotolerant coliforms: ISO 4832:2006;
· Escherichia coli: ISO 16649-2:2001;
· Coagulase-positive staphylococci: ISO 6888-1:1999/Amd 1:2003;
· Sulfite-reducing anaerobes (SRA): ISO 15213:2003;
· Pseudomonas spp.: ISO 13720;
· Yeasts and moulds: ISO 21527:2008.

4.1.2. Enumeration in liquid media: Most Probable Number (MPN) method
The Most Probable Number (MPN) method is a statistical enumeration technique used when the microbial concentration is too low to allow reliable counting on solid media.
Example: Detection and confirmation of Escherichia coli using the MPN method (ISO 7251:2005).

4.2. Qualitative analyses: Detection of pathogenic microorganisms
Qualitative analyses aim to determine the presence or absence of pathogenic microorganisms in a defined quantity of food.
They do not provide numerical results but are essential for food safety assessment.
Examples include:
· Detection of Salmonella spp.: ISO 6579-1:2017;
· Detection of Listeria monocytogenes: ISO 11290-1:2017.



5. Interpretation of results and decision-making

5.1. Sampling plans
Sampling plans are essential tools for evaluating the microbiological quality of a food lot. They are defined by four key parameters:
· n: number of sample units analysed;
· c: maximum number of non-compliant units allowed for lot acceptance;
· m: threshold value below which results are considered satisfactory;
· M: upper limit value above which the lot is automatically rejected.
Two main types of sampling plans are distinguished.

A. Two-Class sampling plans
These plans are used for food safety criteria, particularly for pathogenic microorganisms.
They include only two categories:
· Compliant: absence of the microorganism or value ≤ m;
· Non-compliant: presence detected or value > m.

B. Three-Class sampling plans
These plans apply to process hygiene indicators and involve three levels of assessment:
· Satisfactory: all analysed units have values ≤ m;
· Acceptable: a limited number of units (maximum c) show values between m and M;
· Unsatisfactory: one or more units exceed the value M.

5.2. Microbiological criteria

A. Food safety criteria
These criteria concern pathogenic microorganisms (e.g. Salmonella spp., Listeria monocytogenes). Their presence is incompatible with placing the product on the market.

B. Process hygiene criteria
These criteria are used to assess the effectiveness of manufacturing and cleaning practices (e.g. E. coli, Enterobacteriaceae, Staphylococcus aureus).
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