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Abstract 

The state of Guanajuato in Mexico is known for its large production of vegetables not only for the local and national  

market, but also for the international market, especially the North American market, to which it exports mainly species 

such as broccoli (Brassica oleracea var. Italica), among other products. In this sense, one of the organizations located in 

the municipality of Dolores Hidalgo, C. I. N., in the state of Guanajuato, Mexico, has a safety management system in  

accordance with the PrimusGFS system guidelines, which is recognized by the Global Food Safety Initiative (GFSI) and is 

therefore recognized worldwide (GFSI, 2022). Within this food safety scheme, a microbiological environmental  

monitoring program is required as a preventive control to avoid contamination of pathogenic microorganisms to the 

product from surfaces in direct contact as well as those that are not in direct contact but are part of the production  

environment. In environmental microbiological assessment, the zone concept is widely used and represents the basis 

for assessments accepted by international public health and food microbiology bodies such as the International  

Commission on Microbiological Specifications for Foods, ICMSF.  
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Introduction 

The safety management systems recognized by the Global Food Safety Initiative (GFSI) include among their essential 

requirements that the organization has a documented and implemented control program for microbiological monitoring 

of the process environment. It has already been demonstrated that this is an essential tool for strengthening and  

maintaining the safety of the food manufactured and that the safety system is not only verified but also validated and 

contamination of the product is prevented, in addition to pinpointing the sites where the presence of microorganisms is 

potential (SQF, 2018). Any evidence of the presence of pathogenic microorganisms in finished products or process sites 

are considered as Critical Non-Conformities, which can cost the certification of the company and put the health of  

consumers at risk, so even the health authorities must be notified to alert the population, initiate the process of  

investigation and recall of the affected batches.  

The PrimusGFS safety system guideline is no exception to the requirement to have a microbiological environmental  

monitoring plan in place for those companies whose operations include food manufacturing and processing, especially 

those destined for direct consumption or RTE (Ready to Eat), This is not the case for those organizations that focus solely 

on primary agricultural activities where there is no processing environment as such and the products are marketed for 

further treatment or sale with the consumer informed that the product must undergo special treatment during prepara-

tion before being consumed. (PrimusGFS, 2022)  
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According to (Tompkin, 2004) the process environment is the environment in which food is prepared and handled which 

can have a significant impact on the safety and microbiological quality of the products. The most prevalent incidents of 

contamination from the process environment to the products are associated with Listeria monocytogenes and Salmonel-

la spp. and result from the lack of effective application of good hygienic practices. The most important application of  

investigating the presence of pathogens and high levels of hygiene indicators in the environment is the prevention of 

cross-contamination from the environment to the product, as well as the pinpointing of high-risk areas for action to be 

taken to eradicate the problem.  

Vegetables are among the basic products consumed by people; however, both unprocessed and minimally processed veg-

etables are a potential source of disease-causing pathogenic microorganisms, as evidenced by the cases of listeriosis as-

sociated with broccoli consumption in countries such as Australia, the United Kingdom and Italy. Listeria monocytogenes 

is a gram negative bacterium that is capable of surviving process conditions and survive for weeks even at freezing tem-

peratures of -18°C, is a pathogen of environmental interest due to the survival and prevalence of development in the inert 

surfaces of the process environment (Pappelbaum, 2009) hence the constant monitoring on the surfaces of the various 

hygienic areas contemplates the defined monitoring of this microorganism, This sampling must be adequate from the 

sampling including a sufficient amount to detect its presence, in essence it is about recovering the most representative 

amount of sample to locate the presence of the pathogen and prevent it from being transferred to the surfaces in direct 

contact with the product or to the product itself.  

 

Method  

In environmental microbiological assessment the zone concept is widely used and represents the basis for the assess-

ments accepted by international public health and food microbiology bodies such as the International Commission on 

Microbiological Specifications for Foods (ICMSF). According to the recommendations and guidelines, the zone concept is 

divided into four zones based on the degree of risk of contamination to the product, so that zone 1 includes surfaces in 

direct contact with the product, zone 2 is made up of processing equipment zones and other areas close to the products, 

zone 3 includes surfaces more distant from the product, but which are within the same processing area and finally zone 4 

includes those areas outside the processing area such as cafeterias, lockers, among others.  

According to the guidelines of the safety management system implemented in the organization located in Guanajuato, 

Me xico the microbiological monitoring program of the process environment must comply with a series of essential ele-

ments to ensure the absence or timely detection of pathogenic microorganisms or high load of hygiene indicators.  

For the design of the sampling points with a zonal approach, it was necessary to know the process flow of the packaging 

operation, from the reception of raw materials to the output of the finished product. Each of the surfaces in direct contact 

or that form part of the evaluation to be classified within the classification of hygienic zones according to the criteria es-

tablished by the ICMSF.  

The broccoli packing process begins with the reception of the product taken directly from the field and transferred to 

white baskets. Once inside the industrial plant, it is temporarily positioned in the input reception area where, once there 

is enough product, the loading process to the processing line begins. Once on the conveyor belts, the product is selected 

according to internal quality parameters and placed in waxed boxes that will later be immersed in tubs of ice water with 

added chlorine concentrations to reduce the microbiological load and increase the shelf life of the product in the market.  

At the end of the immersion in ice water, the product goes to the cooling stage. To accelerate the temperature reach, the 

product is introduced into a tunnel where, by means of forced air, large volumes of cold air are introduced at high pres-

sure to quickly and uniformly extract the heat contained in the product. Once the cooling temperature is reached, the 

product is transferred to the finished product loading docks for shipment to customers or distributors.  

Once the operations involved in the broccoli packaging process had been identified, all the direct contact surfaces were 

identified, as well as all those that form part of the process environment. Each surface involved in the production process 

is subjected to a microbiological contamination risk analysis towards the product that takes as a reference the potential 

development and transfer of pathogenic microorganisms (Salmonella spp, Listeria monocytogenes) as well as hygiene 

indicators (aerobic mesophiles, total coliforms) towards the product, evaluating the probability and severity of cross-

contamination towards the product by means of a risk analysis matrix as shown below:  
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Table 1: Risk analysis matrix for classifying process environment surfaces in hygienic zoning for subsequent  

pathogen sampling definition.  

 

 

 

 

 

 

 

 

Results and Discussions  

Each surface within the broccoli (Brassica oleracea var. Italica) packaging process area in direct or indirect contact with 

the product must undergo a hazard assessment, depending on the type of microorganism to be evaluated, as well as the 

frequency of analysis, the surface area to be evaluated and the permissible limits to avoid a risk to the safety of the manu-

factured products. The risk assessment matrices for all surfaces involved in the process are described in Annex 1.  

Under the contamination risk analysis, it is then possible to classify the surfaces in the different hygienic zones to contin-

ue with the sampling plan for environmental pathogens (Listeria monocytogenes, Salmonella spp.) and indicator microor-

ganisms (aerobic mesophiles, total coliforms), respectively. Considering the above, the zoning of the broccoli packing 

process at organization is established as follows:  
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Fig. 1:  Flow chart of operations in broccoli (Brassica oleracea var. Italica) 

packing process in organization in Guanajuato, México. 

https://sciencevolks.com/microbiology/


32 

 

Table 2: Classification of surfaces in broccoli (Brassica oleracea var. Italica) packaging process in hygienic  

zones according to hazard analysis.  

 

 

 

 

 

 

 

 

 

 

 

 

 

The risk analysis of each of the surfaces makes it possible to establish the type of micro-organisms to be evaluated in 

each one and to determine the frequency of analysis for each one. Thus, for areas in direct contact with the product (Zone 

1), hygiene indicators (aerobic mesophiles and total coliforms) must be evaluated, and in areas that are not in direct con-

tact with the product, the environmental pathogenic microorganisms recommended by the ICMSF for the type of process 

involved must be evaluated. Salmonella spp. and Listeria monocytogenes are the pathogens best able to persist on sur-

faces for long periods of time, even years, as well as representing the cause of the highest number of recalls associated 

with biological contamination associated with the production process (ICMSF, 2018). Within the scope of the Primus GFS 

safety management system (Primus GFS, 2019), recommendations are also established to determine the frequency of 

analysis for each sampling point in the hygienic zones, however, this only works as a guide and does not contemplate all 

the sampling points that according to the zonal analysis that has been determined contemplates a greater scope and 

therefore contributes to a greater prevention of the contamination of microorganisms towards the packaged product. 

The frequency established for each of the sampling points distributed in the four hygienic zones according to the level of 

risk due to contact or proximity to the product in process is shown below. 

Table 3: Description of frequency of analysis of hygiene indicator microorganisms (aerobic mesophiles, total coliforms) 

and pathogens associated with process contamination (Listeria monocytogenes, Salmonella spp.) in broccoli (Brassica 

oleracea var. Italica) packaging process.  
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The sampling plan for the evaluation of indicator micro-organisms corresponds to a three-class plan given the specifica-

tions (objective and acceptable) available to evaluate the risk of cross contamination towards the product, being for this 

plan m=10 CFU/250 cm2 and M=100 CFU/250 cm2 , as these are hygiene indicator micro-organisms the risk is classified 

as indirect risk, as these groups of micro-organisms indicate the probability of the presence of pathogens when the quan-

tification exceeds the values that have been determined by specification. Likewise, according to the conditions of the pro-

cess, there are no conditions that modify the associated risk, so the corresponding sampling plan is established with a 

few samples to be evaluated of 5 (n=5) and a tolerance of 2 of them outside the specification limits (c=2) to rule that the 

surface is not at potential risk of contaminating the product.  

In the case of pathogens, the presence of any quantity of pathogens represents a potential danger to the safety of the 

products, which is why the analytical tests are of a qualitative nature, independent of the surface area evaluated, with 

positive results being unacceptable.  

Table 4: Limits established for evaluation of hygiene indicator micro-organisms (aerobic mesophiles, total coliforms) on 

food contact surfaces in broccoli (Brassica oleracea var. Italica) packing plant.  

 

 

 

 

 

 

 

Table 5: Limits established for the evaluation of pathogenic micro-organisms (aerobic mesophiles, total coliforms) on 

non-food processing surfaces in broccoli (Brassica oleracea var. Italica) packing plant.  

 

 

 

 

 

 

 

 

As this is a qualitative microbiological evaluation in which the result issued can only be the presence or absence of the 

micro-organism of interest, a two-class sampling plan is established for its evaluation, as in the plan considered for the 

indicator micro-organisms in accordance with the production process, there are no conditions that modify the risk of 

microbiological contamination, However, in this case, because of the pathogenic microorganisms, a severe degree of risk 

is considered, for which a sampling plan is established with a number of samples to be evaluated of 30 (n=30) and zero 

tolerance to have any sample with a positive result (c=0).  

As this is a qualitative microbiological evaluation in which the result issued can only be the presence or absence of the 

micro-organism of interest, a two-class sampling plan is established for its evaluation, as in the plan considered for the 

indicator micro-organisms in accordance with the production process, there are no conditions that modify the risk of 

microbiological contamination, However, in this case, because of the pathogenic microorganisms, a severe degree of risk 

is considered, for which a sampling plan is established with a number of samples to be evaluated of 30 (n=30) and zero 

tolerance to have any sample with a positive result (c=0).  
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Table 6: Analytical methods for the detection and enumeration of hygiene indicator microorganisms and environmental 

pathogens for the environmental microbiological monitoring program.  

 

 

 

 

 

 

 

 

Conclusions  

Environmental microbiological monitoring program in the organization in Guanajuato, Me xico meets all the require-

ments of the safety guidelines currently implemented in the PrimusGFS organization in version 3.2, which is approved by 

the Global Food Safety Initiative (GFSI) and ensures that the food produced by the organization is safe and free of any 

health hazards to consumers. The program is based on the zonal risk analysis recommended by the International Com-

mission for Microbiological Specifications for Food (ICMSF) of all surfaces in direct and indirect contact with the product 

as well as the air and process water used. The frequency of analysis is defined for each of the hygiene indicator microor-

ganisms and pathogens for each of the risk zones in which the sampling points are distributed.  
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