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Simple Summary: Environmental monitoring programs (EMP) have become essential levers of action
to ensure food safety. EMPs are already implemented in some food plants; however, knowledge
about monitoring practices remains poorly disseminated. The present survey collected information
on the monitoring practices of manufacturing environments in several sectors of the French agri-food
industry. We observed that EMP strategies were based on a risk management approach. Practices are
codified and transcribed in the HACCP system of some food manufacturers, which include hazards
to be monitored, zones to be identified, surfaces to be sampled, tools for sampling and analysis,
the number of samples collected, the frequency of sampling, monitoring contamination trends in
microbial ecology, and corrective action plans for non-compliant results. EMP strategies are strongly
related to food plant characteristics, and there is a lack of guidance. Therefore, a balance must be
found between the harmonization of monitoring practices and the specificities of each site.

Abstract: Food safety is a constant challenge for stakeholders in the food industry. To manage
the likelihood of microbiological contamination, food safety management systems must be robust,
including food and environmental testing. Environmental monitoring programs (EMP) have emerged
this last decade aiming to validate cleaning–sanitation procedures and other environmental pathogen
control programs. The need to monitor production environments has become evident because
of recent foodborne outbreaks. However, the boundaries of environmental monitoring are not
only limited to the management of pathogens but also extend to spoilage and hygiene indicators,
microorganisms, allergens, and other hygiene monitoring. Surfaces in production environments
can be a source of contamination, either through ineffective cleaning and disinfection procedures or
through contamination during production by flows or operators. This study analyses the current
practices of 37 French agri-food industries (small, medium, or large), reporting their objectives for
EMPs, microbial targets, types, numbers and frequency of sampling, analysis of results, and types of
corrective actions.

Keywords: environmental monitoring programs; microbial risk; surfaces; survey; food safety;
French food

1. Introduction

Environmental monitoring programs (EMP) have emerged this last decade intended
to validate cleaning–sanitation procedures’ efficiency and other environmental pathogen
control programs through a range of sampling analyses to prevent contamination of the
finished product by the environment [1]. Recent foodborne outbreaks such as the outbreak
of listeriosis associated with processed meat in South Africa in 2017 [2] or with deli meats

Biology 2022, 11, 89. https://doi.org/10.3390/biology11010089 https://www.mdpi.com/journal/biology

https://doi.org/10.3390/biology11010089
https://doi.org/10.3390/biology11010089
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/biology
https://www.mdpi.com
https://orcid.org/0000-0003-3052-0085
https://orcid.org/0000-0001-9384-8382
https://orcid.org/0000-0003-3716-8352
https://orcid.org/0000-0002-1108-6490
https://doi.org/10.3390/biology11010089
https://www.mdpi.com/journal/biology
https://www.mdpi.com/article/10.3390/biology11010089?type=check_update&version=1


Biology 2022, 11, 89 2 of 13

in Canada in 2008 [3] highlight the role of the production environment in the contamination
of food products. Also, a recent outbreak associated with Salmonella Agona on infant
formula was suspected to be from contamination of the processing environment of a French
food plant [4]. This outbreak affected 39 infants: 37 in France, one in Spain, and one in
Greece [5]. Consequently, the need to control the production environment has become
evident. However, the boundaries of environmental monitoring are not only limited to the
management of pathogens but also extended to spoilage organisms, indicator organisms,
allergens, and hygiene monitoring. Surfaces in production environments can be a source of
contamination, either through ineffective cleaning and disinfection procedures or through
contamination during production by flows or operators.

The importance of the environment in food safety is such that competent authorities
are beginning to provide a framework for its implementation, notably in Canada in 2004,
the European Union in 2005, New Zealand in 2006 and 2020, and the United States of
America in 2011 [6]. More particularly, in Europe, regulation (EC) No. 2073/2005 makes
monitoring the production environment mandatory for L. monocytogenes in ready-to-eat
foods and Cronobacter spp. in powdered infant formulae and powdered foods for spe-
cial medical purposes intended for infants under six months of age. For these samples,
the ISO/DIS 18,593 standard is used as a reference method. However, the frequency of
sampling and the limits of microbiological criteria are only indicated for foodstuffs and
not for environmental monitoring [7]. In addition, in France, law No. 2018/938 of 30
October 2018 (EGalim), stipulates compulsory notification by food business operators to
the administrative authority if food could adversely affect human health as a result of
contamination related to the production environment, such as facilities and equipment
used to handle or store food or feed [8].

Food sectors groups [9–11] and governmental institutions [12–15] contribute to the
development of guidelines to develop EMPs considering specific hazards of food products.
However, knowledge of environmental monitoring practices by food business operators in
France remains very limited because they are very dependent on the characteristics of each
site (e.g., product type and production environment), not practiced by all, and relatively
recent. The first objective of this survey was to discover if EMPs are performed by the
French agri-food industry, by whom, for what purpose, and for how long before or after
the change in regulations. Therefore, this study aims to identify, compare, and analyze
the current practices of EMPs by food business operators to be compliant with EGalim
law, focusing on microbial hazards and solid surfaces. Secondly, the aim of this survey
is to share this information widely, while respecting the anonymity of the industrialists
who answered the questionnaire, in order to strengthen EMP practices and help agri-food
industries implement EMPs in plants where they are nonexistent.

2. Materials and Methods
2.1. Scope of the Online Survey and Definitions

An online survey was developed to identify current EMP practices in French agri-food
industries (Figure S1). For a better understanding, first, key terms were defined. The French
agri-food industry describes structures where food products are processed, packaged, or
stored in France. The agri-food sector is a sector of activity corresponding to all the enter-
prises that produce or transform a type of product into industrial food. The same agri-food
industry can produce food products from different sectors. The term “environment” used
in this article corresponds to the food processing environment, which is defined in the
standard NF EN ISO 18593:2018 as any element of a food plant that surrounds or could be
in contact with the food product and is likely to represent a source of microbial contami-
nation or recontamination such as the equipment, premises, or operators. Monitoring is
defined by the standard NF V01-002:2005 as the implementation of a programmed series
of observations or measurements to assess whether the food safety control measures are
as efficient as intended. This article focuses on the microbiological monitoring of solid
surfaces; therefore, fluids (e.g., air and water) and food products have been excluded.
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Sampling programs are plans designed to assess the levels of microbial contamination of
the surfaces of the environment in order to implement corrective measures to prevent the
contamination of food by microorganisms. Zones are delimited areas in the production
environment, which can be defined according to specific criteria, such as the level of risk
contamination or the processing steps. The sampling area defines the specific sampling
localization (e.g., swab, wipes, etc.).

At first glance, the online survey allows us to know if EMPs were already implemented
in the agri-food industries. Then, if EMPs were already applied, the survey enables us
to identify and analyze strategies to establish, including a dedicated team, the type of
microbial hazards researched, the zoning of the plant, the sampling program, the action
plans based on results, and continuous improvement of the surveillance program. The
questionnaire focused on monitoring microbiological hazards on solid surfaces. Therefore,
food product and fluid monitoring, such as air and liquids, were not considered. Survey
participants were aware of these requirements prior to completing the questionnaire.

2.2. Structure of the Online Survey

The questionnaire was developed with Google Forms and distributed by e-mail to food
manufacturers without defined sectors through direct food business contacts or by agri-
food association or competitiveness and innovation centers of the North-West of France:
Valorial, Technocampus Aliment, Ligeriia, and the Association of Former Students of the
Nantes-Atlantic National College of Veterinary Medicine, Food Science, and Engineering
(Oniris). A webinar conducted by the authors of this study about the microbiological
monitoring of production environments also promoted the questionnaire and allowed us
to recruit additional agri-food industry participants.

The collection of responses to the questionnaire took place from 15 September 2020 to
27 November 2020. The questionnaire was organized into 40 questions under six sections:

• Information on the subject of the questionnaire and its relevance;
• Description of the respondent;
• The pre-analytical phase of the surface control plan corresponding to the zoning

definition, the choices about the types of materials and surfaces to be sampled, the
methods and tools for sampling, the periodicity of these, and the microbiological
targets to be sought;

• The analytical phase consisting of the analysis of the surface samples;
• The post-analytical phase concerning the interpretation of the results and the imple-

mentation of an action plan;
• The project’s follow-up, which asked whether the participant wanted to be included

in the future of the project.

In order to improve the duration of the questionnaire and optimize the number of
responses, the survey was designed with three different question formats: multiple choice,
checkboxes, or short answers. The number of mandatory answers by the food industry
participant was limited to the name of the company and the location of the food plant. The
authors have guaranteed the confidentiality of all individual responses, and the full version
of the survey is available in the Supplementary Material.

2.3. In-Depth Interview with Food Manufacturers

In the last section of the survey, the participants were invited to deepen their answers
to the questionnaire through a telephone, video, or face-to-face interview. The questions
asked during this interview were specific to each participant, based on their answers to the
questionnaire, in order to get closer to the reality of practices for specific cases. Interviews
from six French agri-food industries were recorded with the permission of the interviewees
in order to transcribe the answers as faithfully as possible. For the online questionnaire,
the authors have guaranteed the confidentiality of all individual responses given in the
personalized interviews.
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3. Results
3.1. General Description of the Participants of the Online Survey

Thirty-seven French agro-food industries participated in the questionnaire. All of the
participants were included in the analysis of the survey: 68% (n = 25) of the respondents
belonged to small or medium companies (between 10 and 249 employees), 22% (n = 8)
to mid-size companies (between 250 and 4999 employees), 5% (n = 2) to very small (less
than 10 employees, and 5% (n = 2) to big companies (equal or over 5000 employees). The
majority of the agri-food industries have been active for more than 30 years (43%, n = 16).

The respondents’ sector of activity showed a large diversity (Figure 1). The first two
sectors of activity represented in the survey were “fruit and vegetable products” (n = 7)
and “bakery and pasta products” (n = 7). These were followed by “dairy products” and
“meat and meat products” with six participants each, followed by “fish, crustacean, and
mollusc products” (n = 5), “drink products” (n = 1), “grain and starch products” (n = 1),
and “animal feed products” (n = 1). Ten respondents declared producing other types of
food (not specified). Five respondents reported having two or more sectors of activity in
the same agri-food industry.
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Figure 1. Number of surveyed agri-food industry respondents considered in the study by sector
of activity.

Almost all agri-food industry respondents, except for one, were already interested in
EMP practices. In addition, 29 of the respondents have been interested in EMPs for more
than two years.

Twenty-nine respondents declared that they have a team in charge of the EMP inte-
grated into the quality department, three of which stated that they also involved operators
from the production department.

The majority of the respondents stated that they implemented an EMP to validate
cleaning and disinfection procedures (89%, n = 33), detect the presence of pathogens in
the production environment (62%, n = 23), and monitor the microbial population of the
plant in order to detect abnormal variations (51%, n = 19). Since EMP procedures can
cover several goals simultaneously, most of the time, the objectives of this approach are
multiple and overlapping, which is why for 38% (n = 14) of the respondents, their EMP
goals corresponded to the three goals described above (validate cleaning and disinfection
procedures, detect the presence of pathogens, and monitor the microbial population of
the plant). Four agri-food industry respondents declared that they implemented EMPs to
validate cleaning and disinfection procedures and monitor the microbial population of the
plant. Six agri-food industry respondents used EMPs to validate cleaning and disinfection
procedures and detect the presence of pathogens in the production environment. A dairy
manufacturer declared that their EMP aimed to monitor the microbial population in the
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plant and to detect pathogenic microorganisms, but not to validate the cleaning and
disinfection procedures. One-third of the respondents reported having only one goal: to
validate the cleaning and disinfection procedures (24%, n = 9) or to detect pathogenic
microorganisms (5%, n = 2).

From the interviews, it was observed that EMPs were often formalized within the
sanitary control program of the food factories, covered by pre-requisites programs (Good
Hygienic Practices) or, sometimes, in HACCP plans even if not designed to plan EMPs at
first glance.

3.2. Microorganisms Monitored in Environmental Processing Surfaces

The survey revealed that Listeria spp., including Listeria monocytogenes, were the most
monitored microorganisms by the French agri-food industry respondents (54%, n = 20),
followed by Salmonella spp. (46%, n = 17), E. coli (16%, n = 6), Staphylococcus aureus (11%,
n = 4), and Cronobacter spp. (5%, n = 2). The main groups of microorganisms monitored
were Total Aerobic Count 30 ◦C (78%, n = 29), total coliforms (49%, n = 18), Enterobacteria
(46%, n = 17), mould (43%, n =1 6), and yeast (41%, n = 15).

Listeria spp. were mainly monitored in the processing and preservation of meat
and the preparation of meat products industries, and the processing and preservation of
fish, crustaceans, and molluscs industries. Salmonella spp. were mainly monitored in the
dairy industry environments as Cronobacter spp., which were only monitored in the dairy
products industries. Total Aerobic Count 30 ◦C was monitored by all French agri-food
industry respondents from the following processing and preservation sectors: fruits and
vegetables; meat and meat products; fish, crustaceans, and molluscs; drinks; grain and
starchy products; and beverages (Table 1).

Table 1. Recurrence of monitoring microorganisms or groups of microorganisms within the frame-
work of the Environmental Monitoring Programs by the French agri-food industries surveyed. The
same agri-food industry corresponds to several food sectors. The results are expressed as the number
of agri-food industries that responded to monitoring the hazard, and the values in brackets corre-
spond to the percentage of agri-food industries within the same food sector concerned by the hazard
being monitored.

Sector of
Activity

Listeria
spp.

Listeria
Monocy-
togenes

Salmo-
nella
spp.

Escheri-
chia
coli

Cronob-
acter
spp.

Staphylo-
coccus
Aureus

Total
Aerobic
Count
30 ◦C

Total
Col-

iForms

Enterob-
acteria Yeasts Mould None

Bakery, pastry,
and pasta

2 2 2 3 - 2 6 4 3 5 5 -
(29%) (29%) (29%) (43%) (29%) (86%) (57%) (43%) (71%) (71%) (-%)

Beverage - - - - - - 1 - - 1 1 -
(100%) (100%) (100%)

Dairy 2 2 6 - 2 1 2 1 5 3 3 -
(33%) (33%) (100%) (33%) (17%) (33%) (17%) (83%) (50%) (50%)

Fish, crustaceans,
and molluscs

4 2 1 - - - 5 5 1 - - -
(80%) (40%) (20%) (100%) (100%) (20%)

Fruits and
vegetables

2 1 1 1 - - 7 3 1 1 2 -
29% (14%) (14%) (14%) (100%) (43%) (14%) (14%) (29%)

Grain and
starchy

- - - - - - 1 1 - 1 1 -
(100%) (100%) (100%) (100%)

Meat and meat
products

5 4 3 1 - - 6 5 2 1 - -
(83%) (67%) (50%) (17%) (100%) (83%) (33%) (17%)

Pet food - - 1 - - - - - 1 - - -
(100%) (100%)

Other
4 6 4 1 - 1 9 5 4 4 4 1

(40%) (60%) (40%) (10%) (10%) (90%) (50%) (40%) (40%) (40%) (10%)

Four French agri-food industries reported testing for the presence of biofilms as part
of their monitoring plan.
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3.3. Zoning Concept in Environmental Monitoring Programs

The majority of the French agri-food industries (n = 31) declared that they identified
different zones in their EMPs. The definition of zones was highly variable from one plant
to the next. Ten respondents declared that the zones corresponded to specific activities
in a particular area of the plant (e.g., administration area, production area, packaging
area, and storage area). Nineteen French agri-food industry respondents declared that
they defined zones according to the vulnerability of the product to contamination, which
corresponds to a specific area in the plant where a production step is executed or with
the proximity of a bare product to a surface (e.g., material in contact with the product,
critical environment, and non-critical environment). The plan for monitoring surfaces in
the production environment is mainly related to zoning (n = 29, 78% of all the respondents)
for those who responded to the related question (n = 34).

3.4. Sampling Tools

The main tools for the sampling of production areas were wipes (n = 19), agar slides
(n = 16), contact agar plates (n = 9), swabs (n = 9), and a bio-collector (n = 1).

To detect the presence of biofilms, the French agri-food industries concerned (n = 4)
use products available on the market, such as biofilm stain detectors.

3.5. Sampling Moments and Frequency

Sampling can be processed before (pre-shift), during (mid-shift), or after (post-shift)
the production cycle. In addition, this procedure can be done several times during the
production shift. Half of the French agri-food industries sampled pre-shift (68%, n = 25),
49% during the production cycle (n = 18), and 35% post-shift (n =13) (Figure 2). Seventeen
food industries reported sampling at least two different periods.
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Figure 2. Sample collection moments identified by surveyed food facilities. The same agri-food
industry can sample at different moments of the production cycle. NC: Not communicated.

Pre-shift sampling was mainly carried out monthly (27%, n = 10) or weekly (24%,
n = 9) and less often several times a day or a month (3%, n = 1). Sampling during the
production cycle was mainly performed weekly (22%, n = 8) and monthly (14%, n = 5).
Less frequently, sampling procedures were performed several times a month (3%, n = 1) or
bimonthly (3%, n = 1). Finally, for post-shift sampling, 12 French agri-food industries did
not answer this question. Sampling was declared to mainly proceed monthly (16%, n = 6)
or once a day (8%, n = 3), and less frequently weekly (3%, n = 1), several times a week (3%,
n = 1), or biannually (3%, n = 1).

3.6. Number of Environmental Samples

Thirty French agri-food industries gave information on the number of areas sam-
pled. A mean of 188 areas are sampled; however, this average is not very representative
because the number of identified surfaces varies from one factory to the next (standard
deviation: 290).

After the other types of products, dairy product manufacturers collected the highest
number of samples from environmental surfaces (mean = 284), followed by the seafood
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sector and meat and meat product industries. Grain and starchy products manufacturers
declared the lowest number of environmental samples (Figure 3).
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Figure 3. Mean number of sampling points in environmental monitoring in surveyed food facilities.

It was observed that more samples are taken, on average, from the environment
for companies with plants with larger surface areas and higher tonnage of food products.
However, as the number of responses was low, a conclusion about the statistical relationship
was not achievable.

3.7. Analysis of Environmental Samples

The analysis of environmental samples is carried out by the plant’s internal laboratory
(49%, n = 18), an external laboratory (41%, n = 15), by the operator in charge of sampling
(14%, n = 5), or by the quality manager (3%, n = 1). For 13 French agri-food industries,
analyses are carried out by at least two different means, from which seven include analysis
from an internal and external laboratory, and six include analysis from an internal and/or
external laboratory and by the operator in charge of sampling or the quality manager.
Four respondents stated that the operator in charge of sampling only carried out analyses.
Thirty-five agri-food industries responded to the question about the methods of analysis
of the samples, all of which stated that they practice cultural techniques. Three reported
proceeding with molecular analyses, and one reported conducting immunological analyses.

3.8. Management of the Environmental Sample Analysis Results

When the teams in charge of the EMP were in possession of the results of the sample
analyses, they could interpret them using pre-established decision grids (49%, n = 18) or not
(46%, n = 17). Interviews revealed that the thresholds for non-pathogenic microorganisms
were determined either by monitoring contamination trends in the plant or by a benchmark
with other plants in the same food sector. In addition, the majority of French agri-food
industries declared that they follow the trends of microorganism contamination in the
environment of their production plants (89%, n = 33) and that tracking trend results affected
the monitoring plan (84%, n = 31).

The interpretation can be the presence or absence of the microorganism (24%, n = 9)
mainly for Listeria, Salmonella, and Cronobacter species or based on the enumeration of
colony-forming units and comparing them to pre-established thresholds. Only a few
companies (n = 11) agreed to communicate their grid of interpretation of the sampling
results, mainly in the bakery, pastry, and pasta sectors and dairy sectors, by either answering
the questionnaire or providing an interview (Table 2).
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Table 2. Grid of decision for compliance in microbiological monitoring on surfaces reported by the
agri-food industries surveyed. NA: Not Available.

Microorganism Limits (ufc) Compliance Food Sector

Listeria spp. Absence Compliant Bakery, pastry, and pasta (n = 2)
Presence Non-compliant

Listeria monocytogenes Absence Compliant Bakery, pastry, and pasta (n = 2)
Others (n = 2)Presence Non-compliant

Listeria monocytogenes
(non-contact with food)

0–10 ufc Compliant Bakery, pastry, and pasta (n = 2)
>10 ufc Non-compliant

Salmonella spp. Absence Compliant Bakery, pastry, and pasta(n = 2)
Dairy (n = 2)Presence Non-compliant

Cronobacter spp. Absence Compliant Dairy (n = 1)
Presence Non-compliant

Coliforms 0–10 ufc Compliant Bakery, pastry, and pasta (n = 2)
>10 ufc Non-compliant

Coliforms Absence Rate = 3 Others (n = 1)
Presence Presence = 0

Enterobacteria (equipment surface) 0–100 ufc Compliant Dairy (n = 2)
>100 ufc Non-compliant

Enterobacteria
<10 ufc NA

Dairy (n = 1)10–150 ufc NA
>150 ufc NA

Enterobacteria (hands)
0–1 ufc Compliant

Bakery, pastry, and pasta(n = 2)2–5 ufc Tolerable
>5 ufc Non-compliant

Total
Aerobic

Count 30 ◦C

0–2 ufc Very good

Bakery, pastry, and pasta (n = 1)

3–10 ufc Good
11–32 ufc Tolerable

33–100 ufc Poor
101–317 ufc Bad

>317 ufc Very bad
Total

Aerobic
Count 30 ◦C

0–15 ufc Good
Others (n = 1)15–45 ufc Tolerable

>45 ufc Bad

Total
Aerobic

Count 30 ◦C

0–10 ufc Rate = 3

Others (n = 1)
11–20 Rate = 2
21–30 Rate = 1
>30 Rate = 0

The interviews with the agri-food industries (16%, n = 6) revealed that for each thresh-
old or class, an action plan was associated. When the result is in compliance, production
and environmental control procedures remain unchanged, and the frequency and number
of controls could be reduced in the future, if this reduction guarantees control of food
safety, after decisions made during annual or biannual meetings by plant management or
the HACCP team (14%, n = 5). In cases of non-compliance, an investigation of the source
of contamination was done, and cleaning and disinfection procedures were reinforced. If
the surface is considered at high risk of product contamination and the microorganism is
pathogenic (ex. Salmonella spp.), the food product lot might be blocked until the product
test result meets the requirements. The non-compliant surfaces were then controlled during
the next production cycles or the next scheduled control session.

4. Discussion

To our knowledge, this study is the first in France that investigated and analyzed the
monitoring practices of production environments within the agri-food industries, following
the implementation of the French law EGalim No. 2018/938. This law requires a declaration
to the authorities if agri-food industries find that a food product is likely to be harmful to
human health from contamination associated with the food production environment [8].
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Despite the importance of monitoring microbial contamination of the surfaces in the
production environment, the practices are poorly disseminated because they are highly
dependent on the characteristics of each production site, such as the type of food produced,
the size of the plant, and the number of operators [16,17]. Therefore, there is a lack
of benchmarks, particularly for microbiological criteria suitable to food manufacturing
surfaces. The purpose of this study was to begin providing insights into EMP practices,
in particular for microbiological monitoring of surfaces in production environments. An
online survey followed by individual interviews of the respondents who accepted was
carried out and described in this article.

Several food sectors with different sizes in terms of surface area and tons of product
per year were represented in this study. However, the number of French agri-food industry
respondents was insufficient to provide robust statistical results that would significantly
represent practices by activity sector and size. Indeed, the dissemination of the survey
by specific networks located in North-Western France (Valorial, Technocampus Aliment,
Ligeriia, and the Association of Former Students of Oniris) mobilized agri-food industries
from this localization and fewer French agri-food industries from other regions.

Nevertheless, the examples described in this study are highly valuable since they will
subsequently help the implementation of EMPs for plants that do not yet have or that are
in the process of building their EMP or by improving existing practices.

Through the online survey and individual interviews conducted afterwards, it appears
that the importance of these practices is undeniable. Indeed, the survey highlighted that
the majority of the French agri-food industries surveyed (36 over 37) were interested
in EMP practices for more than two years (29 over 37). In addition, they declared that
they implemented this monitoring program mainly to validate cleaning and disinfection
procedures (n = 33, 89%), detect the presence of pathogens in the production environment
(23%, n = 62%), and monitor the microbial population in the plant to detect suspicious
variations in the microbiological population (n = 19, 51%), which corresponds to the main
goals described in the literature for EMP implementation [17,18].

From the survey, it was observed that EMPs were often formalized within the sanitary
control program of food factories, covered under pre-requisite programs (Good Hygienic
Practices) or, sometimes, in the HACCP plan. However, in Europe, it is mandatory to use
the principles behind the HACCP method, not to use HACCP method. Interestingly, none
of the 12 tasks of the HACCP method is dedicated to EMPs [19]. From this point of view,
EMPs appear to complement the HACCP approach.

European regulation (EC) No 2073/2005 requires detecting the presence of pathogenic
bacteria in the processing environment and the corresponding processed product. However,
the only specified pathogens cited in this regulation are Listeria monocytogenes in ready-to-
eat foods and Cronobacter spp. in powdered infant formulae or powdered foods for special
medical purposes intended for infants under six months of age [7]. Our survey highlighted
that French agri-food industries go further than the regulatory requirements in terms of
monitoring microorganisms. Indeed, four main types of microorganisms were monitored by
French agri-food industries as part of their EMPs: pathogens, index, indicators, and spoilage
organisms. The most searched pathogenic microorganisms were Listeria monocytogenes,
Salmonella spp., Cronobacter spp., and Staphylococcus aureus. Depending on the food sector,
E. coli was researched both as a pathogen and/or an indicator microorganism.

The persistence of these pathogens in food processing environments has been demon-
strated. Moreover, numerous foodborne outbreaks have been associated with contamina-
tion from food processing environments such as Listeria monocytogenes in ready-to-eat foods,
Salmonella spp. and low moisture foods, and Cronobacter spp. and dairy powder [20–23].

Several guidelines recommend monitoring indicator organisms [10,15], which may
include surrogates and index organisms in EMPs [24]. These may suggest the potential
presence of pathogens [25] and allow the detection of a potential risk of contamination (e.g.,
increase of the microbial population over time). The most common indicator organisms,
corresponding to a variety of microorganisms present in the environment [24], were Total
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Aerobic Count 30 ◦C, total coliforms, E. coli, and Enterobacteria. The major index organ-
ism corresponded to Listeria spp. as a marker to detect the possible presence of Listeria
monocytogenes due to similar ecological characteristics [17,24], as recommended by several
guidelines [10,15,17]. Finally, yeast and moulds were monitored and could be assimilated to
spoilage organisms, notably in the bakery, pastry, and pasta sectors. Few French agri-food
industries declared that they monitor the presence of biofilm; however, it is increasingly
recognized that meat pathogens and spoilage organisms develop predominantly in this ag-
gregated and adhered bacterium to a surface form rather than in their planktonic form [26].
The issue is that biofilms have higher resistance to disinfectants and, therefore, become a
reservoir of organisms that can be constantly released into food [27,28].

To monitor these microorganisms, guidelines recommend determining different zones
in the food facility [9,14,29] and establishing a sampling and testing strategy for each zone.
The delimitation and definition of the zones considered in the EMP appear to be a central
element of reflection by the French agri-food industries and must be based on risk [1],
notably through the assessment of the risk by modelling and a consideration of the agri-
food industries. As an example, the New South Wales Government guidelines defined two
zones: food contact surfaces and non-food contact surfaces. The Food Drugs Administration
recommended four zones: from zone 1 with the highest risk of contamination because
the surfaces are in contact with the product (e.g., slicers), up to zone 4 with the lowest
risk of contamination (e.g., office and employee break areas) [30]. The plan for monitoring
surfaces in the production environment was declared to be mainly related to zoning (n = 29,
78%). However, it was shown in our study that the definition of zones was not the same
for all French agri-food industries that responded to the survey. Indeed, zones can be
identified according to the level of risk contamination, the step of the process, or the nature
of the food.

The number of samples to be taken and the frequency of sampling are other very
important criteria to consider in an EMP and are intimately related to the zones. The
method for determining the number and frequency of samples needed to ensure food
safety is risk-based but not clearly established because it is strongly related to the food
plant characteristics, historical contamination, and resources [31]. As a result, it was
observed that more samples were taken from the environment, on average, for companies
with larger surface areas and higher tonnage of food products. On the other hand, the
sampling frequency seems to be somewhat related to the vulnerability of the product to
contamination. Indeed, surface monitoring was observed to be more frequent for animal
products, with weekly sampling, compared to monthly sampling for vegetable products.
Interviews revealed that sampling frequency was also related to the results from previous
monitoring sessions, as recommended by existing EMP guidelines [10]. Little information is
available on the number of samples to perform and the frequency per type of food product.
For example, guidance documents recommend sampling at least three to five areas on food
contact surfaces per line for Listeria spp. surveillance with variable frequency based on
risk [15]. In Salmonella spp. surveillance, the Almond Board of California recommends
performing a weekly sampling of the most at-risk zones to a monthly sampling of the
least risky zones (e.g., an office desk), with an increasing number of samples as the risk of
contamination increases [9].

After sampling, the analysis was reported to be performed by the operator in charge of
sampling, by the internal laboratory of the plant, or by an external laboratory. The majority
of the analysis methods were by cultural approaches, which are the most common methods,
notably listed as reference methods in annex I of the European Regulation No 2073/2005.
Molecular subtyping methods (e.g., PFGE and MLVA) were used for the identification of
contamination sources within production facilities [32]. Recent technological advances
in Whole Genome Sequencing can improve the analyses and facilitate the tracking of
microorganisms within processing facilities, but, for now, these technologies remain limited
to specialized laboratories [33].
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After analysis, the team in charge of the EMP must manage the results and set up pre-
defined corrective actions. The interviews revealed how difficult it is for French agri-food
industries to determine limits for each microorganism or group of microorganisms due to
the absence of regulations or examples on microbiological criteria for surfaces in production
environments. Our study allowed compiling different classes and the associated thresholds
for several microorganisms and several food sectors. Even if the number of examples is
limited and more knowledge from other French agri-food industries would be beneficial,
this study will enable us to start a benchmark of the thresholds and decision grids and
adjust them afterward. Otherwise, the majority of French agri-food industries declared
that they follow the trends of microorganism contamination in the environment of their
production, and the interviews revealed that the thresholds were determined according
to contamination trends, which is the recommended method by the guidelines. Indeed,
following the trends of contamination over time increases knowledge about environmental
conditions and the effectiveness of contamination risk prevention [14,17].

Our study identified practices for monitoring production environments, which are
undeniably levers to improve food safety, in addition to food product analyses. Indeed,
this environmental monitoring can be a tool for downstream monitoring, allowing the
identification of an increased risk of food product contamination before it appears. More-
over, environmental monitoring can also lead to understanding the origin of contamination
of a food product, when one appears, by analyzing the evolution of the microorganism
population in the plant, thanks to the traceability of the sampling results for a period
of time, and to proceed to corrective measures in terms of procedures for cleaning and
disinfection or the structure and the architecture of plant installations.

Although an online survey is less comprehensive than a one-on-one interview, the
survey provided information from a wider range of industry participants. The subsequent
interview, for the French agri-food industries that accepted, provided more details on
practices and shed light on some of the points raised in the online questionnaire.

5. Conclusions

This first survey on EMP practices in food industries in France demonstrated the
interest in EMP practices by almost all participants and that this practice was in place for a
large part of the agri-food industries well before the EGalim law. It has been demonstrated
that EMP strategies and practices are often codified and transcribed in the HACCP system of
French agri-food industries included in the survey, but the approach is very site-dependent
and must take into account the product manufactured, the processes used, the volume of
production, and the location. EMPs were applied not only to detect pathogens on surfaces
but also to follow microbial indicators in a population over a period of time, with recurrent
sampling frequency in specific zones of the production environment. However, there is
a lack of guidance, as expressed by the surveyed French agri-food industries. A balance
must be found between harmonization and codification of monitoring practices and the
specificities of each site. The French agri-food industries must, therefore, be very active in
defining a monitoring strategy.

In the future, surveys such as this should be expanded to provide more reliable and
site-specific data in order to provide examples of agri-food industry practices and leads for
implementing EMPs and codifying practices in order to help French agri-food industries
apply effective EMPs.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/biology11010089/s1, Figure S1: Online Survey form.

https://www.mdpi.com/article/10.3390/biology11010089/s1
https://www.mdpi.com/article/10.3390/biology11010089/s1


Biology 2022, 11, 89 12 of 13

Author Contributions: Conceptualization, M.S. and M.F.; methodology, J.D.O.M. and M.F.; software,
J.D.O.M.; validation, M.F.; formal analysis, J.D.O.M.; investigation, J.D.O.M. and M.F.; data curation,
J.D.O.M.; writing—original draft preparation, J.D.O.M.; writing—review and editing, J.D.O.M., M.F.
and P.K.; visualization, J.D.O.M.; supervision, P.K., M.F., M.S., G.B., E.J., H.P. and N.A.; project
administration, T.M., N.A. and M.S.; funding acquisition, M.F. and T.M. All authors have read and
agreed to the published version of the manuscript.

Funding: This research was funded by the French Agency for Food, Environmental and Occupational
Health & Safety, grant numbers 2019-CRD-08.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: No data available.

Acknowledgments: The authors would like to acknowledge Valorial, Technocampus Aliment and
Ligeriia for their contribution to the dissemination of the online survey.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Environmental Monitoring Handbook for the Food and Beverage Industries; Cornell University; 3M: Saint Paul, MN, USA, 2019.
2. Thomas, J.; Govender, N.; McCarthy, K.M.; Erasmus, L.K.; Doyle, T.J.; Allam, M.; Ismail, A.; Ramalwa, N.; Sekwadi, P.; Ntshoe, G.;

et al. Outbreak of listeriosis in South Africa associated with processed meat. N. Engl. J. Med. 2020, 382, 632–643. [CrossRef]
3. Currie, A.; Farber, J.M.; Nadon, C.; Sharma, D.; Whitfield, Y.; Gaulin, C.; Galanis, E.; Bekal, S.; Flint, J.; Tschetter, L.; et al.

Multi-province listeriosis outbreak linked to contaminated deli meat consumed primarily in institutional settings, Canada, 2008.
Foodborne Pathog. Dis. 2015, 12, 645–652. [CrossRef] [PubMed]

4. Jourdan-da Silva, N.; Fabre, L.; Robinson, E.; Fournet, N.; Nisavanh, A.; Bruyand, M.; Mailles, A.; Serre, E.; Ravel, M.; Guibert, V.;
et al. Ongoing nationwide outbreak of Salmonella Agona associated with internationally distributed infant milk products, France,
December 2017. Eurosurveillance 2018, 232, 17-00852. [CrossRef]

5. EFSA/ECDC. Joint Rapid Outbreak Assessment: Multi-Country Outbreak of Salmonella Agona Infections Linked to Infant Formula; EFSA:
Parma, Italy; ECDC: Solna, Sweden, 2018.

6. FIL/IDF. Processing Environment Monitoring; FIL/IDF: Schaerbeek, Belgium, 2020.
7. Commission of the European Communities. Commission Regulation (EC) No 2073/2005 of 15 November 2005 on microbiological

criteria for foodstuffs. In Regulation (EC) No 2073/2005; European Commission: Brussels, Belgium, 2005.
8. Journal Officiel de la République Française. Loi no 2018-938 du 30 octobre 2018 pour l’équilibre des relations commerciales dans

le secteur agricole et al.imentaire et une alimentation saine, durable et accessible à tous. In N 0253 du 1 Novembre 2018; Assemblée
nationale et le Sénat: Paris, France, 2018; Volume NOR: AGRX1736303L.

9. Pathogen Environmental Monitoring Program (PEM); Almond Board of California: Modesto, CA, USA.
10. UFPA. Guidance on Environmental Monitoring and Control of Listeria for the Fresh Produce Industry; UFPA: Washington, DC, USA,

2013; pp. 1–35.
11. National Fisheries Institute. Ready-to-Eat Seafood Pathogen Control Manual; National Fisheries Institute: McLean, VA, USA, 2018;

pp. 1–120.
12. Carpentier, B.; Barre, L. Guidelines on Sampling the Food Processing Area and Equipment for the Detection of Listeria monocytogenes;

Anses: Maisons-Alfort, France, 2012; pp. 1–15.
13. FDA. Draft Guidance for Industry: Control of Listeria monocytogenes in Ready-To-Eat Foods; FDA-2008-D-0096; FDA: Silver Spring,

MD, USA, 2017; pp. 1–79.
14. NSW Government. Controlling Listeria monocytogenes in the Food Processing Environment; Department of Primary Industries Food

Authority: Silverwater, NSW, Australia, 2016; pp. 1–15.
15. USDA FSIS. FSIS Compliance Guideline: Controlling Listeria monocytogenes in Post-Lethality Exposed Ready-to-Eat Meat and Poultry

Products; USDA FSIS: Washington, MD, USA, 2014.
16. Zacharski, K.A.; Southern, M.; Ryan, A.; Adley, C.C. Evaluation of an environmental monitoring program for the microbial safety

of air and surfaces in a dairy plant environment. J. Food Prot. 2018, 81, 1108–1116. [CrossRef]
17. Spanu, C.; Jordan, K. Listeria monocytogenes environmental sampling program in ready-to-eat processing facilities: A practical

approach. Compr. Rev. Food Sci. Food Saf. 2020, 19, 2843–2861. [CrossRef]
18. DeVault, J.D. Environmental monitoring in the milling and baking industry. Cereal Foods World 2018, 63, 32–34.
19. Kooh, P.; Jury, V.; Laurent, S.; Audiat-Perrin, F.; Sanaa, M.; Tesson, V.; Federighi, M.; Boué, G. Control of biological hazards in

insect processing: Application of HACCP method for yellow mealworm (Tenebrio molitor) powders. Foods 2020, 9, 1528. [CrossRef]
20. Ferreira, V.; Wiedmann, M.; Teixeira, P.; Stasiewicz, M.J. Listeria monocytogenes persistence in food-associated environments:

Epidemiology, strain characteristics, and implications for public health. J. Food Prot. 2014, 77, 150–170. [CrossRef]

http://doi.org/10.1056/NEJMoa1907462
http://doi.org/10.1089/fpd.2015.1939
http://www.ncbi.nlm.nih.gov/pubmed/26258258
http://doi.org/10.2807/1560-7917.ES.2018.23.2.17-00852
http://doi.org/10.4315/0362-028X.JFP-17-464
http://doi.org/10.1111/1541-4337.12619
http://doi.org/10.3390/foods9111528
http://doi.org/10.4315/0362-028X.JFP-13-150


Biology 2022, 11, 89 13 of 13

21. Podolak, R.B.; Black, D.G. Control of Salmonella and Other Bacterial Pathogens in Low Moisture Foods; John Wiley & Sons Ltd.:
Chichester, UK, 2017; p. 263.

22. Carpentier, B.; Cerf, O. Review—Persistence of Listeria monocytogenes in food industry equipment and premises. Int. J. Food
Microbiol. 2011, 145, 1–8. [CrossRef]

23. Beuchat, L.R.; Komitopoulou, E.; Betts, R.P.; Beckers, H.L.; Bourdichon, F.; Joosten, H.; Fanning, S.; Kuile, B.H.T. Persistence and
Survival of Pathogens in Dry Foods and Dry Food Processing Environments; ILSI Europe: Brussels, Belgium, 2011.

24. Chapin, T.K.; Nightingale, K.K.; Worobo, R.W.; Wiedmann, M.; Strawn, L.K. Geographical and meteorological factors associated
with isolation of listeria species in new york state produce production and natural environments. J. Food Prot. 2014, 77, 1919–1928.
[CrossRef]

25. Jones, S.L.; Ricke, S.C.; Keith Roper, D.; Gibson, K.E. Swabbing the surface: Critical factors in environmental monitoring and a
path towards standardization and improvement. Crit. Rev. Food Sci. 2020, 60, 225–243. [CrossRef]

26. Giaouris, E.; Heir, E.; Hébraud, M.; Chorianopoulos, N.; Langsrud, S.; Møretrø, T.; Habimana, O.; Desvaux, M.; Renier, S.; Nychas,
G.J. Attachment and biofilm formation by foodborne bacteria in meat processing environments: Causes, implications, role of
bacterial interactions and control by alternative novel methods. Meat Sci. 2014, 97, 298–309. [CrossRef]

27. den Besten, H.M.W.; Ding, Y.; Abee, T.; Yang, L. Emergent Strategies for Detection and Control of Biofilms in Food Processing
Environments. In Advances in Food Biotechnology; Ravishankar Rai, V., Ed.; John Wiley & Sons, Ltd.: New York, NY, USA, 2015;
pp. 455–470.

28. Lungu, B.; Ricke, S.C.; Johnson, M.G. Occurrence of Listeria monocytogenes in raw and ready-to-eat foods and food-processing
environments and intervention strategies for control. In Perspectives on Food-Safety Issues of Animal-Derived Foods; University of
Arkansas Press: Fayetteville, AR, USA, 2010; pp. 129–152.

29. Channaiah, L. Environmental Monitoring Program: An Early Warning System for Microbiological Hazards. 2013. Available online:
https://www.qualityassurancemag.com/article/aib1213-environmental-monitoring-program/ (accessed on 1 December 2021).

30. De Oliveira Mota, J.; Boué, G.; Prévost, H.; Maillet, A.; Jaffres, E.; Maignien, T.; Arnich, N.; Sanaa, M.; Federighi, M. Environmental
monitoring program to support food microbiological safety and quality in food industries: A scoping review of the research and
guidelines. Food Control 2021, 130, 108283. [CrossRef]

31. Zoellner, C.; Ceres, K.; Ghezzi-Kopel, K.; Wiedmann, M.; Ivanek, R. Design elements of listeria environmental monitoring
programs in food processing facilities: A scoping review of research and guidance materials. Compr. Rev. Food Sci. Food Saf. 2018,
17, 1156–1171. [CrossRef] [PubMed]

32. Forsythe, S. Microbial source tracking of Cronobacter spp. Adv. Appl. Microbiol. 2018, 103, 49–101.
33. Jagadeesan, B.; Gerner-Smidt, P.; Allard, M.W.; Leuillet, S.; Winkler, A.; Xiao, Y.; Chaffron, S.; Van Der Vossen, J.; Tang, S.; Katase,

M.; et al. The use of next generation sequencing for improving food safety: Translation into practice. Food Microbiol. 2019, 79,
96–115. [CrossRef] [PubMed]

http://doi.org/10.1016/j.ijfoodmicro.2011.01.005
http://doi.org/10.4315/0362-028X.JFP-14-132
http://doi.org/10.1080/10408398.2018.1521369
http://doi.org/10.1016/j.meatsci.2013.05.023
https://www.qualityassurancemag.com/article/aib1213-environmental-monitoring-program/
http://doi.org/10.1016/j.foodcont.2021.108283
http://doi.org/10.1111/1541-4337.12366
http://www.ncbi.nlm.nih.gov/pubmed/33350161
http://doi.org/10.1016/j.fm.2018.11.005
http://www.ncbi.nlm.nih.gov/pubmed/30621881

	Introduction 
	Materials and Methods 
	Scope of the Online Survey and Definitions 
	Structure of the Online Survey 
	In-Depth Interview with Food Manufacturers 

	Results 
	General Description of the Participants of the Online Survey 
	Microorganisms Monitored in Environmental Processing Surfaces 
	Zoning Concept in Environmental Monitoring Programs 
	Sampling Tools 
	Sampling Moments and Frequency 
	Number of Environmental Samples 
	Analysis of Environmental Samples 
	Management of the Environmental Sample Analysis Results 

	Discussion 
	Conclusions 
	References

