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1.0 Executive Summary  
 
This standard operating procedure (SOP) is an output of the MASTER project (Microbiome Applications 
for Sustainable food systems through Technologies and EnteRprise; Grant Agreement No. 818368), 
which was funded by the European Commission’s Horizon 2020 Research and Innovation Programme. 
Publicly available SOPs from the project are accessible on the SOP tab of the Resources section of the 
project’s website. Available SOPs to date (1 February 2022) are:  
 

MASTER SOP-01 SOP for validated sample collection and storage in the MASTER project. 
MASTER SOP-02 SOP for validated 16S rRNA-based microbiome processing in the MASTER 

project. 
MASTER SOP-03 SOP for validated shotgun metagenomics-based microbiome processing in the 

MASTER project. 
 
This document presents SOP-01: SOP for validated sample collection and storage in the MASTER 
project.  
 
  

https://www.master-h2020.eu/resources.html
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CFU colony forming unit 
HTS high throughput DNA sequencing  
IP Intellectual Property  
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MASTER Microbiome Applications for Sustainable food systems through Technologies and 

EnteRprise 
PBS  phosphate buffered saline 
PPE  personal protective equipment 
SOP     standard operating procedure 
WP  work package 
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4.0 Introduction  
 
The MASTER project is using high throughput DNA sequencing (HTS) technologies to map microbiomes 
across a range of environments and to gain insights into the microbiome of the complex food chain 
system, with the aim of developing more sustainable food systems and innovative products and 
applications. MASTER commenced in January 2019 and runs to June 2023, bringing together 30 
partners from 14 countries (see Appendix 1), working across a range of environments (Table 1; soil, 
crops, marine, food, rumen, food). SOPs are required to streamline processes across the project, while 
considering the range of environments and the range of samples generated. 
 
Table 1: Environments/ecosystems considered in the MASTER project. 

WP  Details   Environments/ecosystems  

2a Plant & soil microbiomes  plant, soil, crop 

2b Marine microbiomes  fish, marine 

3 Rumen microbiome  rumen 

4 Food processing, valorisation of waste streams & human gut 
health  

food processing  

5 Integrated microbiome technologies for the food chain  all 

 
This document provides an overview of the risk assessment undertaken in advance of SOP design; and 
also presents the SOP for a large scale sampling campaign from food processing environments (re 
MASTER WP4; see Section 8.0: SOP for the sampling plan in food industries, for sample manipulation 
and for storage). 
 
 

5.0 Purpose and scope of the SOP 
 
The purpose of this SOP (MASTER SOP-01, the SOP for validated sample collection and storage) is to 
provide guidance for sample collection and storage, as used in the MASTER research work packages 
(WPs). In drafting this SOP, the various stages of sample collection and storage were assessed, with 
consideration for the environment sampled.  
 
Initially a literature search and a survey of the MASTER team was undertaken, resulting in a risk 
assessment of potential bias introduction for each of the steps of sample collection, storage and 
processing. For each step, recommendations are provided for risk mitigation. Environment-specific 
SOPs, based on the MASTER research WPs, have been developed under these guidelines. 
 
This SOP-01 presents, in particular, the details of the validated sample collection and sample storage 
from the MASTER food industry sampling campaign (WP4), as designed by the MASTER project team. 
The sampling campaign was undertaken to gather large numbers and types of samples from across a 
range of food processing industries and environments.  
 
This SOP is a Living Document and may be revised as the MASTER project progresses.  
 
 

6.0 Risk Assessment in advance of SOP design 
 
To understand the likelihood of the introduction of bias in a meta-analysis from diverging protocols in 
different environments, a risk assessment of the general steps in the process of sampling and storage 
of samples was undertaken in conjunction with a survey of the MASTER partners and a literature 

https://www.master-h2020.eu/
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survey. The aim was to determine if there were commonalities in best practice for sample storage and 
collection across the project that could be adopted by every MASTER WP (and others beyond the 
project). MASTER partners were asked to identify: 

1. the nature of the ecosystems to be analysed.  
2. the sequencing technologies to be used.  
3. the existence of best practice/reference protocols. 

 
The following is a summary of the findings of the risk assessment undertaken in advance of the SOP 
design. 
 
1. Ecosystem  
The ‘food processing’ ecosystem was the most prominent ecosystem identified to be sampled in 
MASTER, followed by ‘rumen’ and ‘food’ ecosystems. The survey highlighted that the wide range of 
environments identified (e.g., crop, soil, marine, food, rumen) would make it difficult to identify single 
SOPs to suit all. 
 
2. Type of sequencing  
All MASTER partners responded that 16S rRNA gene amplicon sequencing would be carried out, with 
some also carrying out shotgun metagenomics (70 % of partners) and 18S/ITS rRNA gene amplicon 
sequencing (60 % of partners). ONT sequencing (40 % of partners) and shotgun metatranscriptomics 
(10 % of partners) would also be applied.  
 
3. Reference protocols  
For 64.6 % of MASTER partners, a reference protocol was already in place. These include 
representatives from WP 2, 3 and 4; representing the following ecosystems: crop; soil/rhizosphere 
(WP2a), water (WP2b), rumen (WP3), waste fermentation (WP4), human gut/stool (WP4) and food 
processing/food (WP4). 
 
 
6.1 Risk Assessment and Recommendations 
The type of sampling environment, the type of sequencing and the presence of best-practice protocols 
varied considerably across WPs in MASTER. An overview of the assessed risk is given below: 
 
Sampling/Storage Step (● = High Risk; ● = Medium Risk; ● = Low Risk) 

● collection method  
● storage temperature  
● storage medium  
● concentration/isolation step before DNA extraction 
● DNA extraction  
● primers used (16S) 
● sequencing approach 

 
 
6.1.1 High risk of bias introduction ● 
 
The steps that were deemed at ‘high’ risk of bias introduction were:  

 storage temperature of the samples 

 DNA extraction 

 primers used (16S)  

 sequencing approach 
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Storage temperature of the samples 
 
MASTER recommendation to avoid this risk: Where possible, samples should be snap-frozen in liquid 
nitrogen, or where this is not possible, should be placed on dry ice prior to long-term storage (with 
the minimum time delay between sampling and long-term storage). Long-term storage of samples 
should be at -80oC. However, if the samples are processed immediately after collection, freezing in 
liquid nitrogen or the use of dry ice is not necessary (in this case, the sample is processed immediately 
and then stored at -80oC). 
   
DNA extraction 
The advance survey of the MASTER partners indicated that multiple different approaches were being 
used for DNA extraction, even for samples from within the same environments, with the most 
commonly used extraction methods being kit-based (e.g. Qiagen kits). Others included MPbio kits and 
custom approaches from the literature.  
 
MASTER recommendation: It is vital that DNA extraction protocols are standardise within 
environments and highly preferred that extraction protocols are standardised between environments. 
Kit-based extraction was recommended from the survey of MASTER partners, specifically the Qiagen 
DNeasy PowerSoil Pro Kit (or the faecal equivalent). Within MASTER, some optimisation of this kit was 
undertaken; this document will be updated to reflect this in due course, once Intellectual Property (IP) 
considerations are addressed.  

Primers used (16S) 
The survey showed that different primers were being used by MASTER partners, even within the same 
environment type.  
 

Primers Environment 
799F; 1392R (V5-V8) Crop/soil/rhizosphere (MASTER WP2a) 
515F; 806R (V4) Fish Gut/Rumen (WP2b/WP3) 
357F; 926R (V3-V5)   Rumen (WP3) 
27F; 338R (V1-V3) Food/Waste/Stool (WP4) 
Illumina (V3-V4) Food/Waste/Stool (Nextera Flex) (WP4) 
S-D-Bact-0341 F5; S-D-Bact-0785 R5 (V3-V4) Food (WP4) 

 
However, based on the different types of organisms in each environment and challenges with specific 
environments highlighted in the survey (e.g. off-target amplification), it was not possible to 
recommend a single set of primers for use across all environments.   
 
MASTER recommendation: It is highly desirable that primers are standardised within environments 
and it is preferred that primers are standardised between environments; but this was unlikely to be 
an achievable goal due to inherent differences in the microbial communities between environments. 
To deal with any possible biases in meta-analyses of 16S data introduced because of different primers, 
these analyses can be carried out at summary taxonomic level rather than at DNA sequence level. 
 
 
6.1.2 Medium risk of bias introduction ● 
 
The steps identified as having a medium risk of introducing bias in the sampling process were 
‘collection method’ and ‘storage medium’. 
 
Collection method 
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The collection method used was identified as having a medium risk of introducing bias in downstream 
analysis, and due to the varying environments, individual specific approaches to collection are 
required for each sample type and sequencing technology to be used.  
 
MASTER recommendation: The MASTER WP leaders co-ordinated WP sampling strategies to reduce 
variability. The following recommendations were provided for consideration: 

● Swabs for collecting from food processing facilities, slaughter houses, aquaculture farms and 
cutting plans:  
o environmental swabbing kits (for 16S rRNA sequencing).  
o sponge swabbing kits (for shotgun sequencing). 

● Fish gut samples: whole gut collection at slaughter. 
● Water samples: filtration with 0.2 µm nylon filters. 
● Soil or plant material: composite samples across plots, and/or cores. 
● Rumen microbiome: trans-oesophageal rumen fluid sampling (rumen flora scoop), or sample 

from whole rumen contents at slaughter. 
 
Storage medium 
The MASTER survey indicated that no storage medium was previously used or is necessary for storage 
of samples with the protocols involved, and this is primarily because of long-term storage at -80oC.  
 
MASTER recommendation: No recommendations are provided for storage medium if samples are snap 
frozen in liquid nitrogen and stored at -80oC. In case of absence of a -80°C freezer, samples can be 
stored at -20°C. In this case the recommendation is to use swabs impregnated with proprietary buffer 
(e.g. the SampleRight™ Sponge Sampler, World Bioproducts) or using other techniques for DNA 
preservation (e.g. the Isohelix swabbing kit which comes with a ‘Dri-Capsule’ approach, where no 
buffer is used). Where swabs or similar products are used, it is important to ensure that the same 
approach is used for all equivalent samples. 
 
 
6.1.3 Low risk of bias introduction ● 
A step identified with a low risk of bias introduction, was the concentration and isolation before DNA 
extraction. The survey results and literature review indicated that no specific concentration step is 
used or necessary for samples with the protocols involved. 
 
MASTER recommendation: No general concentration steps were recommended, but sample and 
environment-specific approaches could be considered, e.g.: 

● pooling of multiple aliquots to increase cell concentration. 
● filtering (e.g. for water samples). 
● pooling of DNA from multiple swabs (e.g. environmental sampling). 
● centrifugation of samples to separate solid and liquid phases. 

 
 

7.0 Environment-specific SOPs 
Based on the recommendations above, the MASTER consortium generated environment-specific SOPs 
for use in sample collection and storage. This is an on-going process that requires the 
recommendations to be adapted according to the type of sample being collected and the environment 
being sampled. Sample collection will continue across the lifetime of this project; therefore, SOP 
revision will also be carried out over the lifetime of the project. Thus, this SOP for validated sample 
collection and storage is a Living Document.  
The SOP for the sampling campaign of the food processing industries in WP4 is presented here in 
Section 8.  
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8.0 Standard Operating Procedure for the sampling plan in food industries, for sample 
manipulation and for storage  
 
 
8.1 Introduction  
The MASTER project plans, on the basis of available microbiome knowledge (including existing data), 
the development of a complete microbiome analysis approach. This will extend from sampling to DNA 
extraction, microbiota detection and data analysis, for a rapid food and environmental microbiome 
testing by food processors with the aim of enhancing food quality and safety, reducing withholding 
periods and reducing food waste. The developed products/tools will be used to map environmental 
contamination in the food industry (including of foods, ingredients, surfaces, tools and operators). 
Microbiome mapping will provide information relating to microbial contamination across food-
contact surfaces, foods and ingredients. In the future, these procedures may support the official 
culture-based analyses of food (EU Reg. 2073/2005). This SOP specifically refers to the first steps of 
the microbiome mapping approach (sample collection, sample manipulation and storage prior to DNA 
extraction and analysis).  
 
 
8.2 Purpose and Scope of the SOP 
This SOP details a homogeneous sampling plan, which can be followed during food industry sampling 
for microbiological environmental monitoring activities, and includes guidance for sampling from 
processing facilities that involve fresh meat, fermented sausages, cured meats, fresh and smoked fish, 
dairy products, and minimally processed vegetables. Sample types include solid/semi-solid samples, 
liquid samples, surface (swab) samples and both positive and negative control samples.  
 
This SOP provides a framework to undertake regular microbiome sampling for quality and safety 
purposes and aims to minimize the number of samples required, while providing sufficient 
information on the main points of the food processing chain, using procedures that maximize the 
amount of microbial material collected, and avoid undesired contamination with external DNA or 
inhibitors, which may hinder subsequent DNA extraction and sequencing activities. 
 
 
8.3 Materials  
 
The following materials are required for this SOP:  

● 50 mL and 200 mL sterile DNA-free plastic containers. 
● Whirl-Pak B01592WA Hydrated PolyProbe™ sampling bags with sampling sponges and 8" 

probe, 24 oz, sterile. 
● Sterile plastic stomacher bags, with plastic ties. 
● Portable cooler. 
● Ice packs. 
● Phosphate buffered saline (PBS) solution (concentration as per manufacturer’s instructions). 
● 0.22 µm and 10 µm filter membranes. 
● ZymoBIOMICS Microbial Community Standard (Zymo Research, 

https://www.zymoresearch.com/collections/zymobiomics-microbial-community-standards). 
● Personal protective equipment (PPE) for sampling: disposable coats, caps, shoes and gloves. 
● 1.5 mL eppendorf tubes. 
● Pipettes and pipette tips. 

 

Note: Consult the appropriate Safety Data Sheet (SDS) for any chemical, reagent or kit used. 

https://www.coleparmer.com/i/whirl-pak-b01592wa-hydrated-polyprobe-sampling-bag-with-sampling-sponge-and-8-l-probe-24-oz-sterile-100-bx/0064993#eb-item-specification
https://www.zymoresearch.com/collections/zymobiomics-microbial-community-standards
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8.4 Equipment 
 
The following equipment is required for this SOP:  

● Stomacher. 
● Vortex. 
● Centrifuge. 
● Laminar flow hood. 
● Vacuum filtering device, e.g. Millipore Classic Glass Filter. 
● Ultra-freezer (-80oC), or -20oC freezer if an ultra-freezer is not available1. 

  
Note: SOPs for the operation of equipment are available locally. 
 
 
8.5 Caution/Associated Risks 
 
To avoid cross-contamination at the food industry facility when sampling, gloves and other PPE should 
be worn (e.g. disposable coats, caps, shoes and gloves). Gloves should also be changed between 
samples to avoid cross-contamination. It is also advisable to perform the sampling following the food 
chain production flow, to avoid cross-contamination of the end-product with raw materials and other 
foreign materials that the sampling procedure may bring to the facility. 
 
Gloves should also be worn during sample manipulation at the laboratory, which should ideally take 
place in a laminar flow hood.  
 
The microbiological status of the samples are not known, but risks are not expected in this regard, 
since the samples are from food processing plants with a high hygienic status. Nevertheless, it is 
recommended to dispose of waste material generated during sample manipulation (e.g. used 
sampling bags) in biological waste bins. 
 

Note: Consult the appropriate Safety Data Sheet (SDS) for any chemical, reagent or kit used. 

 
 
8.6 Procedure 
 
8.6.1 Number and nature of sampling visits 
 
Sampling is carried out when the processing plant is clean, before manufacturing. For some producers 
this will mean a very early morning sampling. For those producers who do not produce daily (e.g. 
artisan producers), ideally the facility will be sampled on the manufacturing day (before manufacture, 
when the facility is clean). 
 

At each sampling visit, environmental swabs, raw materials and end-product samples are taken and a 
brief questionnaire on hygiene and cleaning practices is completed. 
 

 
 

                                                           
1 A -80oC freezer was used for storage during the MASTER sampling campaign, but the SOP may need to be 

adjusted to use a -20oC freezer.   
 

https://www.merckmillipore.com/ES/es/product/Millipore-Classic-Glass-Filter-Holder-Kit,MM_NF-XX1014700
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8.6.2 Type and number of samples 
 
The type and number of samples depends on the type and size of the food industry. For each type of 
industry, there are some obligatory samples to be taken (described below, for the different food 
production sectors).  
 
When pools of swabs from different surfaces are taken, a record is kept of which specific type of 
surfaces/environments were sampled and pooled. 
 
8.6.3 Samples from the food processing facilities 
 
8.6.3.1 Cheese making facilities: 
 
Obligatory samples are: 

● Raw milk: one container with 50 mL 
● Processing room: 

o One pool of 5 swabs from non-food contact environments/surfaces (2 drains, 2 floors, 1 
wall) 

o One pool of 5 swabs from cheese vat(s) 
o One pool of 5 swabs from curd shredders and/or draining tables 
o One pool of 5 swabs from molds and/or molding machines 
o Whey: one container with 200 mL 
o Brine: one container with 200 mL (brine will not be available for all producers) 

● Ripening room (not available for fresh cheeses): 
o One pool of 5 swabs from non-food contact environments/surfaces (2 drains, 2 floors, 1 

wall) 
o One pool of 5 swabs from food contact environments/surfaces (e.g. shelves or trays) 

● Packing room (not available for all producers): 
o One pool of 5 swabs from non-food contact environments/surfaces (2 drains, 2 floors, 1 

wall) 
o One pool of 5 swabs from food contact surfaces (e.g. packing machine/s, knives, slicers, 

etc) 
● Operators: one pool of 5 swabs taken from operator´s hands and/or aprons and PPE  

Note: Informed Consent and GDPR authorization is required for sampling from the operators. 
● Cheese before ripening: two cheeses (in the lab, two different samples are analyzed from each 

cheese: cheese rinds and interior of cheese). Even if the cheese producers produces different 
types of cheese, the focus for MASTER was on the cheese that was being produced on the 
sampling day.  

● Cheese after ripening: two cheeses (in the lab, two different samples are analyzed from each 
cheese: cheese rinds and interior of cheese). Even if the cheese producers produces different 
types of cheese, the focus for MASTER was on the cheese type that was being produced on 
the sampling day.  

● Negative controls: 
o One pool of 5 swabs left open in the air for 1 minute in the industry (one swab per room 

sampled if it is possible) 
o One pool of 5 swabs left open in the air for 1 minute in the lab 

 
8.6.3.2 Facilities producing fresh meat: 
 
Obligatory samples are: 
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● Raw carcasses/meat before processing: two pools of 5 swab samples each taken from the 
surface of carcasses or meat 

● Processing room: 
o One pool of 5 swabs from non-food contact environments/surfaces (2 drains, 2 floors, 1 

wall) 
o One pool of 5 swabs from food contact environments/surfaces (e.g. knives, chopping 

boards, tables and trays/trolleys) 
● Cold room: 

o One pool of 5 swabs from non-food contact environments/surfaces (2 drains, 2 floors, 1 
wall) 

o One pool of 5 swabs from food contact environments/surfaces (e.g. shelves and/or 
trays/trolleys) 

● Packing room (not available for all producers): 
o One pool of 5 swabs from non-food contact environments/surfaces (2 drains, 2 floors, 1 

wall) 
o One pool of 5 swabs from food contact environments/surfaces (e.g. packing machine/s, 

knives, etc) 
● Operators: one pool of 5 swabs taken from operator´s hands and/or aprons and personal 

protection equipment.  
Note: Informed Consent and GDPR authorization is required for sampling from the operators. 

● Fresh meat after processing: two pools of 5 swab samples each taken from the surface of fresh 
meat. Even if the operator processes different types of meat, the focus for MASTER was on 
the meat type that was being processed on the sampling day. 

● Negative controls: 
o One pool of 5 swabs left open in the air for 1 minute in the industry 
o One pool of 5 swabs left open in the air for 1 minute in the lab 

 
8.6.3.3 Facilities producing fermented sausages: 
 
Obligatory samples are: 

● Processing room: 
o One pool of 5 swabs from non-food contact environments/surfaces (2 drains, 2 floors, 1 

wall) 
o One pool of 5 swabs from food contact environments/surfaces (e.g. mincer and/or bagging 

machines, knives and chopping boards, tables and trays/trolleys, etc) 
o Meat batter: two containers with 50 g 

● Cold room: 
o One pool of 5 swabs from non-food contact environments/surfaces (2 drains, 2 floors, 1 

wall) 
o One pool of 5 swabs from food contact environments/surfaces (e.g. shelves and/or 

trays/trolleys, etc) 
● Ripening room: 

o One pool of 5 swabs from non-food contact environments/surfaces (2 drains, 2 floors, 1 
wall). 

o One pool of 5 swabs from food contact environments/surfaces (e.g. shelves and/or 
trays/trolleys, etc). 

● Smoking room (not available for all producers): 
o One pool of 5 swabs from non-food contact environments/surfaces (2 drains, 2 floors, 1 

wall) 
o One pool of 5 swabs from food contact environments/surfaces (e.g. shelves and/or 

trays/trolleys, etc) 
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● Packing room (not available for all producers): 
o One pool of 5 swabs from non-food contact environments/surfaces (2 drains, 2 floors, 1 

wall). 
o One pool of 5 swabs from food contact environments/surfaces (e.g. slicers, packing 

machine/s, etc) 
● Operators: one pool of 5 swabs taken from operator´s hands and/or aprons and personal 

protection equipment 
Note: Informed Consent and GDPR authorization is required for sampling from the operators. 

● Fresh sausages before ripening: two sausages. Even if the operator produces different types 
of sausages, the focus for MASTER was on the one produced on the sampling day.  

● Sausages after ripening: two sausages. Even if the operator produces different types of 
sausages, the focus for MASTER was on the sausage produced on the sampling day.  

● Negative controls: 
o One pool of 5 swabs left open in the air for 1 minute in the industry 
o One pool of 5 swabs left open in the air for 1 minute in the lab 

 
8.6.3.4 Facilities producing cured meats (e.g. cured ham or similar products): 
 
Obligatory samples are: 

● Processing room: 
o One pool of 5 swabs from non-food contact environments/surfaces (2 drains, 2 floors, 1 

wall) 
o One pool of 5 swabs from food contact environments/surfaces (e.g. knives and chopping 

boards, tables and trays/trolleys, etc) 
● Cold room: 

o One pool of 5 swabs from non-food contact environments/surfaces (2 drains, 2 floors, 1 
wall) 

o One pool of 5 swabs from food contact environments/surfaces (e.g. shelves and/or 
trays/trolleys, etc) 

● Ripening room: 
o One pool of 5 swabs from non-food contact environments/surfaces (2 drains, 2 floors, 1 

wall). 
o One pool of 5 swabs from food contact environments/surfaces (e.g. shelves and/or 

trays/trolleys, etc). 
● Smoking room (not available for all producers): 

o One pool of 5 swabs from non-food contact environments/surfaces (2 drains, 2 floors, 1 
wall). 

o One pool of 5 swabs from food contact environments/surfaces (e.g. shelves and/or 
trays/trolleys, etc). 

● Packing room (not available for all producers): 
o One pool of 5 swabs from non-food contact environments/surfaces (2 drains, 2 floors, 1 

wall) 
o One pool of 5 swabs from food contact environments/surfaces (e.g. slicers, packing 

machine/s, etc) 
● Operators: one pool of 5 swabs taken from operator´s hands and/or aprons and personal 

protection equipment 
Note: Informed Consent and GDPR authorization is required for sampling from the operators. 

● Cured meat before ripening: two pools of 5 swab samples each taken from the surface of meat 
products. Even if the operator produces different types of products, the focus for MASTER was 
on the product produced on the sampling day.  
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● Cured meat after ripening: two pools of 5 swab samples each taken from the surface of meat 
products. Even if the operator produces different types of products, the focus for MASTER was 
on the product produced on the sampling day.  

● Negative controls: 
o One pool of 5 swabs left open in the air for 1 minute in the industry 
o One pool of 5 swabs left open in the air for 1 minute in the lab 

  
8.6.3.5 Facilities producing fresh and smoked fish (e.g. salmon fillets and smoked salmon): 
 
Obligatory samples are: 

● Raw material: two pools of 5 swab samples each taken from the surface of fishes or meat 
before processing 

● Processing room: 
o One pool of 5 swabs from non-food contact environments/surfaces (2 drains, 2 floors, 1 

wall) 
o One pool of 5 swabs from food contact environments/surfaces (e.g. knives and chopping 

boards, tables and trays/trolleys, etc) 
● Cold room: 

o One pool of 5 swabs from non-food contact environments/surfaces (2 drains, 2 floors, 1 
wall) 

o One pool of 5 swabs from food contact environments/surfaces (e.g. shelves and/or 
trays/trolleys, etc) 

● Smoking oven (when available): 
o One pool of 5 swabs from non-food contact environments/surfaces (2 drains, 2 floors, 1 

wall) 
o One pool of 5 swabs from food contact environments/surfaces (e.g. shelves and/or 

trays/trolleys, etc) 
● Packing room (not available for all producers): 

o One pool of 5 swabs from non-food contact environments/surfaces (2 drains, 2 floors, 1 
wall) 

o One pool of 5 swabs from food contact environments/surfaces (e.g. slicers, packing 
machine/s, etc) 

● Operators: one pool of 5 swabs taken from operator´s hands and/or aprons and personal 
protection equipment 
Note: Informed Consent and GDPR authorization is required for sampling from the operators. 

● Fish product after processing (end product): two pools of 5 swab samples each taken from the 
surface of the fish product. Even if the operator produces different types of products, the 
focus for MASTER was on the product produced on the sampling day.  

● Negative controls: 
o One pool of 5 swabs left open in the air for 1 minute in the industry 
o One pool of 5 swabs left open in the air for 1 minute in the lab 

  
8.6.3.6 Facilities producing minimally processed/ready to eat vegetables: 
 
Obligatory samples are: 

● Raw material: two pools of 5 swab samples each taken from the surface of the vegetables 
before processing 

● Processing room: 
o One pool of 5 swabs from non-food contact environments/surfaces (2 drains, 2 floors, 1 

wall). 
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o One pool of 5 swabs from food contact environments/surfaces (e.g. knives and chopping 
boards, tables and trays/trolleys, etc) 

● Cold room: 
o One pool of 5 swabs from non-food contact environments/surfaces (2 drains, 2 floors, 1 

wall). 
o One pool of 5 swabs from food contact environments/surfaces (e.g. shelves and/or 

trays/trolleys, etc) 
● Packing room (not available for all producers): 

o One pool of 5 swabs from non-food contact environments/surfaces (2 drains, 2 floors, 1 
wall) 

o One pool of 5 swabs from food contact environments/surfaces (e.g. packing machine/s, 
etc) 

● Operators: one pool of 5 swabs taken from operator´s hands and/or aprons and personal 
protection equipment 
Note: Informed Consent and GDPR authorization is required for sampling from the 
operators. 

● Vegetable product after processing (end product): two pools of 5 swab samples each taken 
from the surface of the product. Even if the operator produces different types of products, 
the focus for MASTER was on the product produced on the sampling day.  

● Negative control samples: 
o One pool of 5 swabs left open in the air for 1 minute in the industry 
o One pool of 5 swabs left open in the air for 1 minute in the lab 

  
 
8.6.4 Procedure for sampling and sample manipulation 

Sampling 
● For liquid and semi-solid samples (milk, water, meat batter, etc): sterile DNA-free, DNAse-free 

sample tubes are filled with the specified volume of sample. 
● For swab samples: When enough surface is available (e.g. floors, walls, etc), ~1 m2 surface is 

swabbed, by swabbing surfaces first horizontally and then vertically, turning the swab around 
in between. For other type of surfaces, where swabbing 1 m2 may be difficult/impossible (e.g. 
drains, knifes, etc), individual units are sampled from (e.g. swab 1 drain, 1 knife, etc). When 
swabbing, the bag opening is protected to decrease air-borne contamination. Once the swab 
is taken, the air in the bag is removed manually before sealing it. The sampling team should 
wear single-use disposable protective clothing (e.g. gloves, footwear, hairnets, etc). 

● For solid samples (e.g. foods, such as cheese, sausages, etc): a sterile plastic stomacher bag 
closed by using plastic ties is filled in with a product unit/portion. 
 

Sample manipulation 
● Once taken, all samples are stored in a portable cooler filled with ice packs for transport to 

the laboratory. The samples should be processed (collection of the microbial load and storage 
for subsequent DNA isolation) in the laboratory on the same sampling day (maximum of 24 
hour after sampling). If unable to process the samples in this timeframe in the laboratory, they 
should be stored at -80°C immediately. 

● For milk and whey samples: they are centrifuged at 5,000 x g for 15 minutes at room 
temperature. The fat layer is then carefully removed and the supernatant decanted. Cell 
pellets are re-suspended with a sterile Phosphate Buffered Saline (PBS) solution, followed by 
another centrifugation step (same conditions). This washing step is repeated once, and cell 
pellets are then stored in 1.5 mL Eppendorf tubes at -80oC. 
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● For solid and semi-solid samples (all types of foods, cheese, sausages, meat batter, etc): 10 g 
sample is homogenized with 90 mL of PBS using a stomacher at maximum speed for 2 minutes. 
The homogenate is then centrifuged at 5,000 x g for 15 minutes at room temperature. Three 
serial washes with PBS are then performed, following the procedure above described for milk 
samples and pellets are stored at -80oC. 

● For brine (and other possible liquid samples): samples are pre-filtered using 10 µm filter 
membrane to remove large particles. The 200 mL filtered is divided into two fractions: one of 
50 mL and another of 150 mL. The 50 mL fraction is filtered through the 0.22 µm filter 
membrane and microorganisms are recovered from the 0.22 μm filter, by placing the filter in 
a sterile 50 mL falcon tube with 0.5 mL of sterile PBS and pipetting up and down for 1 minute. 
Then, the suspension is centrifuged at 5,000 x g for 5 minutes at room temperature. Finally, 
cell pellets are stored at -80oC. The 150 mL fraction is placed in 50 mL falcon tubes and 
centrifuged for 15 min at 5000 x g, the supernatant is removed and two washes are carried 
out with sterile PBS under the same conditions. The pellet is stored at -80oC. 

● For swab samples: 10 mL of PBS will be added to each sampling bag containing a pool of 5 
swabs. After the thorough homogenization in the stomacher at maximum speed for 2 minutes, 
10 mL will be recovered, transferred to a sterile tube and centrifuged at 5,000 x g for 5 minutes 
at room temperature. Cell pellets will be stored at -80oC.  

● Positive controls: positive microbial standards are prepared by applying the Zymo microbial 
standard at three different concentrations to sampling bags containing a pool of 5 swabs. 
Every MASTER partner prepared 4 positive controls (x 3 concentrations, i.e. 12 controls in 
total) for sequencing, distributed among different sampling days (i.e. do not prepare all 
positive controls on the same day). For this, serial dilutions will be prepared in PBS from the 
Zymo microbial standard (which contains 1.4 x 1010 cells/mL) and 10 mL of the prepared 
solutions (at the concentrations 106, 104 and 102 CFU/mL) will be added to the 12 positive 
control sampling bags (each with the pool of 5 swabs (fresh unused)). Then, the pool of swabs 
is processed with all other samples.  
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Appendix 1: MASTER Consortium members. 
 

Partner 
no.  

Short name Organisation Name, Country 

1 TEAGASC Agriculture and Food Development Authority, Ireland 

2 CSIC Agencia Estatal Consejo Superior Deinvestigaciones Cientificas, 
Spain 

3 LUKE Luonnonvarakeskus, Finland 

4 FFOQSI FFoQSI GmbH, Austria 

5 UNINA Universita degli Studi di Napoli Federico II, Italy 

6 ULe Universidad de Leon, Spain 

7 CIRCA CIRCA Group Europe Ltd, Ireland 

8 QUB Queen's University of Belfast, UK 

9 AIT Austrian Institute of Technology GmbH, Austria 

10 Qiagen QIAGEN GmbH, Germany 

11 TTC TRITECC SRL, Romania 

12 INRAE Institut National de Recherche pour l’Agriculture, l’Alimentation et 
l’Environnement, France 

13 Novolyze Novolyze, France 

14 MATIS MATIS OHF, Iceland 

15 ABInBev Anheuser-Busch Inbev, Belgium 

16 ONT Oxford Nanopore Technologies Ltd, UK 

17 WU Wageningen University, Netherlands 

18 UCC University College Cork, Ireland  

19 INOQ INOQ GmbH, Germany 

20 Devenish Devenish Research Development and Innovation Ltd, Ireland 

21 4DC 4D PHARMA CORK Ltd, Ireland 

22 CH Chr. Hansen A/S, Denmark 

23 IFREMER Institut Francais de Recherche pour l'Exploitation de la Mer, France 

24 UNITN Universita Degli Studi Di Trento, Italy 

25 Anadiag Anadiag, France 

26 Baseclear Baseclear BV, Netherlands 

27 AFBI Agrifood and Biosciences Institute, UK 

28 Danone Research   Danone Research SAS, France 

29 FVG Fish Vet Group Norge AS, Norway 

30 ICBF Irish Cattle Breeding Federation Society Ltd, Ireland 
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