
Listeria monocytogenes is widely spread in the environ-

ment and in a large variety of foods, among which, fresh 

meat, ready-to-eat (RTE) meat products and dairy pro-

ducts, being one of the major causes of foodborne diseases 

(24, 26). Listeria spp. continues to be a major concern for 

the food industry, due to its ubiquitous presence and high 

resistance to multiple common hurdles used in the pro-

cessing lines, such as pH, temperature, salt concentration, 

water activity (2, 13, ). The tolerance for acidic pH of the 

pathogen and its ability to develop under the conditions of a 

reduced water activity rate, determine its survival and proli-

feration in meat products (11, 22).

Ready-to-eat foods have a relatively high stability due to 

the combination of processes for acidification, decreased le-

vel of oxygen and the use of promoters for desirable micro-

organisms. Nevertheless, numerous factors further influ-

ence the stability of ready-to-eat products, among which: 

fresh meat origin and quality (9), product type-linked corre-

lations (10), quantity of fat, starter culture used (where 

applicable), preservative mix (level of nitrates, nitrites, 

phosphates, salt, spices, etc.), the type and period of fer-

mentation - given the fact that in some aged products, lac-

tococcal flora is associated to a decrease of Listeria spp. 

count (8) time-temperature process used for heat treat-

ment and aging. In addition, the product diameter, the final 

pH, water activity and the recommended storage tempe-

rature also play a major role in the success of pathogen con-

trol (4). Any variation of these parameters can induce the 
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 Listeria monocytogenes rămâne unul dintre cele 

mai problematice pericole asociate cu industria produ-

selor alimentare gata pentru consum (RTE), în ciuda 
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nat controlului Listeria spp. a fost elaborat pentru un 

produs din carne fiartă, dublu afumat, cunoscut sub de-
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mic post-ambalare (pasteurizare) (L-CPC-2). De-a lun-

gul fluxului tehnologic au fost sugerate bune practici 

operaționale concepute pentru controlul Listeria spp. și 

s-a propus separarea spațiilor de producție în 3 categorii 

de igienă. Noul plan elaborat de FSM pentru Listeria spp. 

ar permite unității să gestioneze eficient riscul contami-

nării produsului salam de vară, cu acest agent patogen.
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multiplication of the pathogen in ready-to-eat products, 

emphasizing the danger by the lack of a subsequent prepa-

ration (7). In Romania it is not mandatory to implement a 

pathogen management program (e.g., Listeria spp. mana-

gement program), but there is general agreement to the 

fact that it is strongly recommended, as a result of recent 

events of recall following the foodborne outbreaks associa-

ted with a wide variety of food products (20, 25).

The hazard analysis as that part of the food safety master 

plan based on the HACCP principles, may address Listeria 

monocytogenes, but its efficiency in lack of specific mea-

sures for this pathogen has been proven limited. A detailed 

analysis which documents the control measures, critical li-

mits and corrective actions to be taken in case of contami-

nation, need to be tailored to address this pathogen in 

particular (14). For RTE foods, there is an increased risk, as 

there is always the possibility of failure of control measures, 

of cross-contamination and hidden environmental contami-

nation from exposure after processing, before the final pa-

ckaging of the products. In addition, the challenge is in-

creased by the fact that removal of these bacteria from 

niches in processing plants is very difficult (27). 

This study aimed to develop a model HACCP plan for L. 

monocytogenes for a RTE Romanian meat product, pro-

duced in a small meat processing facility, targeting the a-

chievement of an increased specific hazard control.

MATERIALS AND METHODS

Listeria monocytogenes - targeted food safety manage-

ment plan is a documented record of the activities that a 

food business operator (FBO) should have in place in order 

to minimize the contamination such as environmental risk 

assessment, environmental controls, monitoring, training, 

good operational practices (GOP) and process controls (16, 

17). In order to develop a Listeria monocytogenes - tar-

geted food safety management plan (L-FSMP), an assess-

ment of the HACCP plan already implemented in the facility 

is required. The efficiency of implementation of HACCP 

principles must be assessed: Conduct a hazard analysis 

(HA); Identify the critical control points (CCP); Establish 

the critical limits (CL); Monitor all CCP's; Establish the cor-

rective actions; Establish verification procedures ; Establish 

a record keeping system.

The Listeria monocytogenes - targeted food safety ma-

nagement plan (L-FSMP) was developed by following a se-

quence of activities: 1. Setting roles and responsibilities; 2. 

Risk assessment of the operation; 3. Setting microbiological 

limits for L. monocytogenes ; 4. Establishing control mea-

sures (process controls and products characteristics); 5. L-

CCP identification; 6. Establishing critical limits; 7. Establi-

shing Listeria control monitoring in CCPs and development 

of Listeria targeted GOPs (Good Operational Practices); 8. 

Establishing corrective actions - responding to Listeria pro-

cess control failures and events; 9. Review of the L-FSMP.

RESULTS AND DISCUSSIONS

The Listeria monocytogenes - targeted food safety ma-

nagement plan (L-FSMP) was developed for a meat proce-

ssing facility, for the RTE meat product summer salami. We 

proceeded with the development of the plan, by achieving 

each of the following tasks:

1. Setting roles and responsibilities. The first step in 

L-FSMP implementation is setting responsibilities for the 

overall surveillance of the L-FSMP, program documentation, 

monitoring, action in case of Listeria detection, gaps in the 

L-FSMP application or GOP/HACCP control failures, staff 

training and education in the direction of the current mana-

gement plan. The employees responsible for applying the L-

FSMP should have at least a basic knowledge of L. monocy-

togenes: type of hazard, associated illness, measures to 

prevent contamination and actions to take in the event of 

the detection. The employees involved in this activity must 

be professionally prepared, trained to recognize symptoms 

caused by Listeria monocytogenes, to understand the seve-

rity of the disease and the impact on the population, the 

pathways of transmission and the complete aetiology of 

bacteria, control measures based on scientific researches 

and the possibilities of verification of the program efficiency. 

The overall success of L-FSMP implementation relies on the 

efficient training of all staff involved in this activity.

2. Risk assessment. The second step in the direction of 

LMP implementation is the conduction of a risk assessment 

of the operation. In this stage it is important to assess whe-

ther the RTE product supports the growth of Listeria be-

cause given the right conditions, even a small number of 

Listeria spp. in a food product can rapidly increase to unsafe 

loads (16). Summer salami is a boiled, double smoked RTE 

meat product which undergoes a listericidal process repre-

sented by boiling the product at 72-75°C for 1-1.5 hours, 

until the temperature in the middle of the products reaches 

68-69°C. Even if this temperature is sufficient for elimi-

nating Listeria monocytogenes, further handling after boi-

ling and the fact that the product is manufactured in the 

same premises as other products, considerably increase the 

risk of a subsequent recontamination, before the final pa-

ckaging. Risk assessment was performed using the diagram 

chart in Fig. 1, which reveals a decisional tree leading to 4 

possible outcomes: - uncontrolled risk – if the product sup-

ports Listeria spp. growth and no listericidal treatment is 

applied; - low risk - if post-listericidal L-CCP contamination 

may not occur; - medium risk - if the product does not sup-

port Listeria spp. growth and no listericidal treatment is ap-

plied, or post-listericidal L-CCP contamination may occur; - 

high risk - if the product supports Listeria spp. growth and 

post-listericidal L-CCP contamination may occur.

As a result of this risk assessment, summer salami RTE 

product is classified as high risk, suggesting that L-FSMP 

implementation is strongly recommended.

3. Microbiological limits for Listeria spp. Regar-

ding the verification of the product safety and the confor-

mity of the food with the criteria of food security, the micro-

biological limits applied to this food product according to 

Reg. (EC) 2073/2005, using as a method of reference EN/ 

ISO 11290-1 and EN/ISO 11290-2 is presented in Table 1. 

Random samples of summer salami were obtained for pe-

riodical self-control and tested for Listeria spp. All samples 
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turned negative, but even if Listeria spp. is not isolated in 

the finished-product, it can still be present in small num-

bers, or as viable non-cultivable bacteria (VBNC bacteria), 

which can undergo growth and multiplication given the ap-

propriate conditions during storage. This is why testing 

alone, or negative Listeria results alone cannot bring suffi-

cient guarantee on the safety of the product from the Liste-

ria spp. point of view.

Fig. 1. Risk assessment of the technological process 

(original)

Table 1

Critical limits for L. Monocytogenes 

in summer salami (Reg. EC no. 2073/2005)

4. Control measures (process controls and pro-

ducts characteristics). The recommended storage tem-

perature is between 0-5ºC, this situation being dangerous 

because Listeria is a psychrophile bacteria and can multiply 

rapidly at refrigeration storage. This is why additional hurd-

les, besides temperature control during boiling and storage, 

are strongly needed. Therefore, the intrinsic physical and 

chemical characteristics are assessed. Prevention of L. mo-

nocytogenes growth solely based on the reduction of humi-

dity is insufficient, the RTE product summer salami having a 

moisture content of 46% (maximum 50%). Other chemical 

properties assessed are % of fat – 46%, NaCl used in the 

formulation - 3%, nitrates – 7 mg/100g and total proteins 

13%. The packaging is represented by a flow-pack type, 

without controlled atmosphere, this situation being one that 

causes an increased risk of bacterial multiplication during 

the shelf-life. The usual shelf-life of the product is 21-35 

days and the facility declares 35 day validity. In addition, we 

recommend a challenge study for Listeria monocytogenes, 

where the bacterial strains are used to artificially contami-

nate product samples stored under regular refrigeration 

conditions, to see if and how fast these bacteria can grow 

(16, 21).

5. L-CCP identification, critical limits, corrective ac-

tion, verification and review. The process diagram flow 

used for the production of summer salami is shown in Fig. 2.

Fig. 2. Technology flow chart for summer salami RTE 

meat product, with highlight of regular CCPs 

and proposed L-CCPs (original)
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Regarding the fact that Listeria can be inserted in the 

processing environment through a variety of ways, it is very 

important to identify any movements in order to avoid this 

risk. At the same time, in the framework of the third stage, 

it is necessary to review the diagram flow and evaluate the 

degree of its linearity. This property is ensured by the con-

tinuity of the process, raw materials moving gradually in the 

premises of processing, existing a clear demarcation of the 

dirty area from the clean one. However, the actual proce-

ssing steps are taking place in the same rooms, therefore 

existing a high risk of contamination that requires additional 

control measures. Also, the technological process of obtai-

ning products summer salami type, is very complex, requi-

ring a multitude of activities and stages, all of this increa-

sing considerably the risk of contamination. The process 

staging revealed by the flow chart emphasizes the steps 

that may cause microbiological contamination and the ac-

tions that should be taken in order to reduce that risk:

a. The reception of raw materials. This stage is 

deemed as a critical control point (CCP-1) within the food 

safety management plan implemented by the company for 

this process. The associated level of risk derives from the 

possible massive microbial load associated with raw mate-

rials, which cannot always be reduced through the subse-

quent stages in order to ensure the safety of the food pro-

duct. In the framework of the selection, the auditing proce-

dures are carried out regularly, as well as collecting and tes-

ting of samples in order to detect L. monocytogenes. Com-

pliance with the limits with respect to the pathogen pre-

sence is mandatory. Part of the control measures associated 

with this CCP, records of raw materials which have a high 

probability of contamination are essential, along with record 

keeping for all written procedures: physical inspection of 

received products, identification inspection, sensory evalua-

tions, sampling and testing etc. Furthermore, it is essential 

to check the temperature and the conditions of transport. 

The training of personnel in the direction of contamination 

prevention is also important, being necessary because of 

the increased risk of being vectors for this bacteria. It is to 

be mentioned that this stage is a connection with the ex-

ternal environment, so it´s very important to ensure that 

Listeria is not introduced by means of packaging, staff, 

equipment, etc.

b. Storage of raw materials. Refrigerated storage is 

considered CCP-2 within the food safety management plan 

implemented by the company for this process. The main 

control is the temperature value, which requires continuous 

monitoring. To control the multiplication of Listeria spp., it is 

advisable to maintain the temperatures between 0-3ºC, 

this being monitored permanently and subjected to correc-

tive actions in case of deviations. For raw meat, pH monito-

ring during storage is usually recommended and the rela-

tion between temperature/pH on the storage period.

The maintenance of refrigeration equipment by establi-

shing items of calibration, the determination of the calibra-

tion frequency as well as the setting of a maintenance 

program to be carried out with an increased frequency in 

the framework of the preoperational verification, are impor-

tant activities in the reduction of Listeria contamination.

c. Thermal treatment (boiling). Thermal treatment is 

considered CCP-3 within the food safety management plan 

implemented by the company for this process. Summer 

salami is a boiled double smoked meat product, so the ther-

mal treatment consists of: hot smoking at 75-95°C, for 35-

45 minutes, until the surface becomes rusty; boiling/pas-

teurization at 72-75°C for 1-1.5 hours, until the tempera-

ture in the middle of the products reaches 68-69°C; cold 

smoking is achieved at 15-40°C, for 4-8 hours. For CCP 3, 

time-temperature controls are monitored and registered 

accordingly within the HACCP-master plan of the facility. 

The thermal processing parameters satisfy the minimum 

requirements for inactivation of Listeria spp.

d. Cold storage and drying. Cold storage is considered 

CCP-2 within the food safety management plan implemen-

ted by the company for this process. However, the only con-

trol parameter subjected to monitoring, verification and do-

cument registration is the temperature, as previously sta-

ted. However, for an adequate control of Listeria spp., it is 

essential to control the intrinsic properties of the product. 

Certain scientific publications indicate efficient hurdles for 

Listeria spp. growth, a pH level <4.4, coupled with a <0.92 w

and adequate monitoring of these parameters. However, 

these values of pH and a  are specific for long term shelf-life w

products. Summer salami usually has a pH = 5.5 and a  = w

0.82, which placed the product in the category supporting 

Listeria spp. growth during storage (22). Technology of the 

process for this type of products does not allow lowering of 

pH value under 4.4. However, there is scientifically suppor-

ted evidence that a combination of the following parameter 

thresholds would achieve an effective antimicrobial process 

in the control of Listeria spp. (12):  storage temperature: 

5°C;  Product pH: 5.5;  a : 0.96. Given the relevance of w

these intrinsic parameters, obtained during cold storage 

and drying stage, additional controls should be applied to 

this stage, to guarantee an appropriate control of Listeria 

spp. The parameters used by the processing facility for cold 

storage and drying stage are: environment temperature: 2-

5°C; RH: 75-80%; Distance between salami sticks: 5-6 cm.

Therefore, due to the high risk of Listeria spp. growth in 

the final product which does not comply with the pH and a  w

requirements, we propose cold storage and drying stage as 

L-CCP-1. In addition to temperature (already considered for 

CCP-2 of the facility HACCP master plan), we recommend 

relative humidity to be monitored within L-CCP 1. Additio-

nally, as no time period was specified and established for 

the cold storage and drying procedure, we recommend a 

challenge test for the identification of the adequate period 

of time, necessary to achieve the pH of 5.5 and the a  of w

0.96 in the final product. Thus L-CCP-1 would have two con-

trols: relative humidity - critical limit: 75% and suggested 

operational limit 78%; Time - critical limit: value to be iden-

tified as appropriate for the target pH and a . Verification w

within L-CCP-1 should include monitoring of pH and a of w 

representative finished product samples for each batch of 

product. There is general agreement to the possibility of 

rapid uncontrolled multiplication of the pathogen during the 

validity period, causing disease. As inevitable contamina-

tion with Listeria spp. can occur for RTE products which are 
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further handled after thermal processing, before packaging, 

guaranteeing an additional control (such as L-CCP-1) for 

the growth of Listeria within the final product during storage 

is considered of vital significance. L-CCP-1 is to be consi-

dered an additional control point in the final, revised HACCP 

- master plan of the establishment, for this process. 

e. Finished product quality control before packing is 

performed by visual inspection, any change in the color, ex-

ternal characteristics, compositional appearance or odour 

signifying a major degree of risk in respect of Listeria mul-

tiplication. At the same time, in the framework of this step 

the processing records of the parameters are checked. It is 

advisable to use rapid tests in order to detect the bacteria. 

f. Packaging - requires control measures with listerici-

dal properties through the use of modified atmosphere pa-

ckaging (MAP) as amended and monitoring the level of the 

gas mixture, preceding this action being the selection of 

suppliers and the training of personnel. The meat proces-

sing facility does not have an additional control measure 

after packaging. However, since there is a general agree-

ment on the fact that the probability of contamination post 

heat treatment of further manipulated products, before pa-

ckaging, an obvious additional control measure for Listeria 

spp. would be introducing an additional processing step in 

the technological flow of the product. Post-packaging heat-

treatment,or post-packaging pasteurization have long been 

used especially for those types of food products which re-

quire inevitable handling post thermal processing. There-

fore, we propose pasteurization in the final packaging, as an 

additional step to be applied, between packaging and deli-

very of the product.

g. Pasteurization in the final packaging - is of parti-

cular importance, representing an additional measure for 

prevention. If used correctly, this could stand for a post-le-

thality treatment for the control of Listeria spp. According to 

EFSA (2019), cooking at temperatures higher than 65°C 

kills the bacteria (3). The association of recommended pa-

rameters for this step are represented by a temperature of 

76ºC for 1 minute. However, post-lethality treatment reco-

mmended for Listeria spp. should be validated according to 

international guidelines, and proof must be provided for the 

reduction of the characteristic microbial load of the con-

sidered product, as per international guidelines (5). Repor-

ted treatment regimens used as post-lethality treatment for 

Listeria spp. RTE foods are more severe than the ones ap-

plied by the considered facility. For example, Spanu et al. 
−1(2013) reports reduction of 6 log  cfu g  in L. monocytoge-10

6 −1nes for ricotta cheese artificially enriched with 10  cfu g , 

using thermal treatment at 85 °C for 90 min (23).

Usually, the post-packaging heat-treatments communi-

cated by scientific literature involve temperature ranging 

from 71, to 96 °C, for time periods varying from 30 seconds 

and up to 10 minutes (1). Concerning the effect of post-

packaging heat-treatments on Listeria spp., there are 

reports of up to 100 fold reduction rates by applying 96°C, 

for 10 minutes, to cured meat products (15, 18, 19). There 

are commercially available packaging materials that with-

stand 98.8°C for 10 minutes while delivering good display 

quality (e.g., Cryovac® CNP 310 Post-Packaging Heat 

Treatment Bag) (1). Considering these arguments, we pro-

pose that the post-packaging heat-treatments, be per-

formed at 96°C, for 5 minutes. This step should be identi-

fied as L-CCP-2 for the considered product. Critical limits 

should be associated with the specified time and tempe-

rature for post-packaging heat-treatment. These para-

meters should be continuously monitored and correction 

actions may be the usual measures applied in case of tem-

perature un-compliance. Record keeping and verification 

should be adequately performed as usual. 

Considering the scientifically based evidence of Listeria 

spp. load reduction efficiency, by implementation of this 

technique, the company needs no further end-product mi-

crobiological testing. This is also supported by the decision 

of the USDA, to allow regulated companies which imple-

ment an intervention step (critical control point or CCP), 

such as post-packaging pasteurization, to avoid end-pro-

duct testing (6). In addition to the discussed good opera-

tional practices for Listeria spp., a more clear separation of 

hygiene areas should be developed, in order improve the 

GHP procedures. As shown in Fig. 1,there are 3 areas which 

need physical demarcation and prevention solutions:

- the use of Foot Bath systems at the entrance and exit of 

each area. Also, the dedicated area personnel access shall 

be made provided certain hygiene conditions are observed 

(e.g., hands washing), the use of protective equipment, ru-

bber gloves, plastic armrests, plastic caps, rubber footwear 

should be sanitized and disinfected after each wearing fo-

llowed by applying disposable plastic covers. Also, once dis-

posable gloves are worn, personnel will be instructed not to 

touch anything until they reach the dedicated workstation:

- the use of dedicated equipment and tools to those 

areas, identified by different colors;

- designation of responsible persons for each hygiene a-

rea (3-4 persons for zone 2 – the processing perimeter) 

which will be in charge with the accuracy of cleaning and 

disinfection activities and thorough supervision of the activi-

ties carried out in these areas.

The usefulness of LMP is highlighted by the efficient do-

cumenting and its implementation in the direction of obtai-

ning safe food from the point of view of the contamination 

with the pathogen referred to. The verification step of the 

plan effectiveness is determined by sanitation and finished 

product sampling. Following the program verification, a po-

sitive result of testing determines the commencement of 

recall procedures and evaluation of the fact that it was an 

isolated case or not. In this situation, the sampling proce-

dures from the contact surfaces shall be intensified. If a 

positive result is obtained, the product is retained until the 

presence of the above pathogen is confirmed. This confir-

mation determines the enhancing of the sanitation process 

and the product destruction or reprocessing, along with the 

intensified frequency of sampling.

Also, in the event of a positive result of contamination of 

the finished product, simultaneously with surfaces samples, 

environment samples will be collected in order to identify the 

source of contamination.Confirmation of environmental con-

tamination determines the type of corrective actions such as 

intensified sanitation and increased frequency of sampling.
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CONCLUSIONS

Regarding the fact that summer salami type products are 

RTE, with a long period of validity under storage at refrige-

ration temperatures and may be consumed by all categories 

of consumers, as well as the fact that the food is intended 

for consumption after slicing (in the absence of a subse-

quent processing), being stored for extended periods of 

time in the refrigerator, it is mandatory to implement appro-

priate control measures. The implementation of the pro-

posed food safety management plan targeted at the control 

of Listeria monocytogenes, in the considered meat pro-

cessing facility, will lower the risk of contamination to accep-

table limits and thus further reduce the risk of an outbreak 

as a result of summer salami consumption. The proposed 

measures should undergo a cost-benefit analysis prior to 

implementation, which should consider the possible conse-

quences of a Listeria spp. foodborne scare, including the po-

ssible financial consequences.
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