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ABSTRACT 

Proper application of HACCP in catering services involves monitoring decisive critical 

points. The purpose of this study was to assess food temperatures and surface hygiene 

control in two catering services in Navarra (Spain) at two different time periods: the 

first one after implementation of the HACCP system and the second period, after the 

initial supervision through audits and a specific training session regarding temperatures 

of products and hygienic conditions of surfaces and equipment because the majority of 
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detected nonconformities were related to these parameters. The recorded temperatures 

of 650 cooked food products within the first period showed that only 65.1% of the hot 

dishes had a temperature higher than 65 ºC, in accordance with Spanish legislation, and 

12.9% of them showed a risky holding temperature (<55 °C). However, the percentage 

of noncomplying dishes was reduced by a half after the training session (p<0.001). 

Since the significant differences observed in recorded temperatures were related to the 

type of meal (with or without sauces) and the type of cooking procedure, a lower safe 

criterion for the retention of hot dishes was suggested if the temperature is continuously 

maintained over 55ºC until serving. With regard to cleaning and disinfection, 18.3% of 

the 600 analyzed surfaces did not meet the established cleaning criterion (≤ 100 CFU/25 

cm2) in the first period, while in the second period this percentage was reduced to 

13.6% in both catering businesses (p=0.021). The dirtiest surfaces were equipment such 

as cutting boards and meat slicing machines (>26%) compared to utensils for 

distribution (12.0%). As the impact of dirty surfaces on the hygienic quality of a 

finished product will depend on which step was being taken during dish elaboration 

when equipment or utensil was used, it is suggested that more restrictive limits be 

established regarding utensils and equipment that are in direct contact with the finished 

product (≤1 CFU/cm2). Results of the study demonstrate that a specific training session 

on these items has improved the temperature control of prepared meals and the 

effectiveness of cleaning and disinfection, essentials for guaranteeing the hygienic 

quality of prepared foods.  
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1. Introduction  

Catering businesses must provide foods that are gastronomically acceptable, 

covering the nutritional needs of the population they are intended for and conforming to 

a given price. But above all, they must be safe for the consumer and in no way should 

they serve as a route of risk to human health which could lead to disease. This is 

particularly relevant when one considers the high quantity of prepared meals served 

daily by the catering industry to children in schools, hospital patients, and elderly 

people living in nursing homes (FEADRS, 2009).  

Among the different types of catering services, the “cook-serve” system is the 

most extended type in Spain, as well as in other European countries (Marzano & 

Balzaretti, 2011). This procedure is based on a daily preparation of meals that are 

distributed and served with a minimum holding period (Light & Walker, 1990). Food 

processing by heat requires the center of the product to reach 70 °C (WHO, 2006), 

followed by appropriate holding temperatures between elaboration and consumption to 

prevent the growth of any possible surviving microorganisms (Bouëtard & Santos, 

2009). Spanish legislation establishes four preservation procedures for cooked prepared 

meals (BOE, 2001): ≥ 65 °C (thermal retention, for consumption within a few hours), ≤ 

8 °C (refrigerated storage for meals consumed within 24 hours); ≤ 4 °C (refrigerated 

storage for meals with a shelf life longer than 24 hours); and ≤ -18 °C (frozen storage 

for an extended shelf life). Thermal retention is the most common election for Spanish 

“cook-serve” catering facilities due to the high acceptance of these meals as being 

“fresh” and just like “homemade food”, and because required equipment are more 

economical than those used in refrigerated systems. However, inconveniences regarding 

staff organization and temperature loss from isothermal receptacles during the holding 
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period must be solved, especially when prepared foods are transported to external 

centers at a later time.  

In order to obtain safe food, catering services have to implement a food safety 

management system based on the principles of Hazard Analysis and Critical Control 

Points (HACCP) (CAC, 2003). However, the difficulties in implementing this system in 

small and medium catering enterprises are well-known (Bas, Yuksel, & Cavusoglu, 

2007; Garayoa et al., 2011; Herath & Henson, 2010; Shih & Wang, 2011; Taylor, 

2008a). Therefore, a flexible application of HACCP has been proposed (Taylor, 2008b; 

Valcarcel Alonso, 2009), promoting the Good Manufacturing Practices established in 

prerequisite programs such as cleaning and disinfection procedures for surfaces and 

equipment, and controlling truly decisive critical limits such as temperature/time during 

and after food processing. It has also been demonstrated that training is an essential part 

of self-control systems in order to improve food handlers’ knowledge regarding food 

safety (Pontello et al., 2005; Salazar et al., 2006). Therefore, the need for training 

catering personnel is recognized by European legislation (EC, 2004) and by 

international organizations (CAC, 2003). In addition, other factors such as supervision 

may have a stronger effect on the employees' performance in safe food handling than 

training sessions alone (Ashraf et al., 2008). 

Thus, the overall objective of this work was to evaluate the food safety of meals 

prepared in two catering services in Navarra (Spain), by the surveillance of the 

following parameters: holding temperatures of cooked meals and sanitary operations for 

utensils, equipment and work surfaces. For this purpose, both parameters were 

evaluated at two different time periods: the first one was carried out immediately after 

implementation of the HACCP system and the second period was after the initial 

supervision through audits and once a training session took place. 
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2. Materials and methods 

2.1. Description of catering establishments 

Two catering services (A and B) were monitored in Navarra, Spain. These businesses 

had already implemented the HACCP system and were providing an average of 3,000 to 

4,500 meals per day, respectively, to satellite centers (nurseries, school cafeterias, day 

centers and work cafeterias). All meals were prepared, distributed and consumed the 

same day they were prepared. The meals were transported in isothermal containers so as 

to maintain temperatures, using special vehicles for this purpose. The time that elapsed 

between preparation and consumption ranged between 2 and 4 hours, and during this 

time the prepared meals remained in airtight sealed containers. 

The study was carried out over a four-year period, divided into two terms which ran 

from 2008 to 2009 and from 2010 to 2011. The first term corresponded to the initial 

stage of implementation of the HACCP system and the second covered the period 

subsequent to the analysis of the first audit reports and a staff training session. 

 

2.2. Audits and training session 

Annual audits were conducted in both catering services, recovering data in a 

standardized template regarding the following issues: general information (number of 

meals, number of workers, etc.), implementation of prerequisites (maintenance of 

facilities and equipment, cleaning and disinfection, pest control, selection of suppliers, 

staff training, traceability, waste management and water control), food hygiene practices 

(staff uniform, hand washing, defrosting, disinfection of vegetables, cleaning and 

disinfection of facilities, temperature control of elaboration, proper maintenance of raw 

materials and warm and cold dishes, etc.) and documentation (HACCP manual, control 

records, etc.). Information was collected by direct observation (facilities and food 
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handler's behavior) and interviewing the manager or person in charge at the time of the 

visit. Upon completion of the audit, a report was issued pointing out the strong points, 

weak points and objectives established for behavior improvement.  

In addition, before beginning the second period of the study, a training session was 

conducted for the food handlers of both catering services. The purpose was to review 

the food hygiene basics, with special emphasis on the importance of observing the 

prerequisite programmes, as well as, controlling critical points, and recording correctly 

the performed control activities. Therefore, a one hour session was given to the workers 

in a participative way, including slides presentations, practical examples to record data 

in basic templates and open questions to verify if they had understood the main 

concepts. Some of the topics covered in this session were: Food handlers. Safe foods. 

Microorganisms. Pathogenic bacteria. Foods as substrate for microorganisms. 

Problematic products. Measures for controlling microorganisms. Heating, cooling and 

cleaning. Safe work practices: Good Hygiene Practices. HACCP. 

 

2.3 Sample collection 

2.3.1. Ready-to-eat hot meals 

Prepared meals with thermal treatment were taken every two weeks from each of the 

two kitchens (n = 650 in each period). On the very same day of elaboration, 5 to 7 

samples were collected under aseptic conditions using sterile containers and utensils. 

Food temperatures and food samples were taken at the time of filling into isothermal 

containers which are used for transporting dishes to the dining satellites. Food 

temperature was recorded in the center of the food, using a calibrated thermometer with 

an accuracy of 0.1 °C (Foodcare, HANNA Instruments). Samples were transported to 

the laboratory under refrigerated conditions, and the analyses were initiated on the very 
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same day that the samples were collected. The food was kept in refrigeration (3 °C ± 

2 °C) until the start of the microbiological analyses. 

 

2.3.2. Food-contact surfaces 

A total of 1201 surfaces in contact with food were analyzed (n = 600 in the first period, 

n = 601 in the second period). Analyzed surfaces included cutting boards, slicers, knifes, 

steel pallets and spatulas, stainless steel gastronorms and plastic recipients for the 

distribution of food. Sampling was carried out after regular cleaning procedures 

according to the established cleaning and disinfection plan and before the beginning to 

work (using the products, dosage and frequencies suggested by the suppliers of usual 

detergents and disinfectants for catering services). Rodac PCA + Neutralizing agar 

contact plates (BioMérieux, Marcy l'Etoile, France) were used, pressing down on the 

agar on the surface to be studied for 10 seconds. Samples were transported to the 

laboratory under refrigerated conditions and incubated immediately on arrival at the 

laboratory. 

 

2.4. Microbiological analysis 

Microbiological tests were carried out on food samples according to the current 

Legislation in each period. In the first one, the following microorganisms were 

investigated according to the Spanish Legislation (BOE, 2001): total microorganisms, 

coliforms, Staphylococcus aureus, Escherichia coli, Salmonella spp. and Listeria 

monocytogenes. This normative was annulled in February 2010 (BOE, 2010), and 

according to the Commission Regulation (EC) No 2073/2005 (EC, 2005), only research 

of Salmonella spp. and L. monocytogenes was performed in the second period. All 
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samples were analyzed according to standard official methods (ISO) in an accredited 

laboratory following the standard ISO/IEC 17025:2005. 

In the case of the surface samples, Rodac agar plates were incubated at 30 ± 1 °C for 72 

± 3 hours (Heraeus Instruments, Germany). After incubation, the colonies were counted 

and the result was expressed in CFU/25 cm2. Surfaces were considered to be dirty when 

the plates contained >100 CFU/25 cm2. 

 

2.5 Statistical analysis 

Continuous variables were expressed as means and (standard deviations). Categorical 

variables were expressed as percentages. Proportion differences between periods and 

categories of surfaces were assessed using Fisher’s exact test. Statistical analyses were 

performed using STATA version 12.1 (College Station, Texas USA). All P values are 

two-tailed and statistical significance was set at the conventional cut-off of P <0.05. 
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3. Results and discussion 

3.1. Audits: prerequisites and HACCP deviations 

The level of compliance of prerequisite programs and HACCP system was verified in 

both catering services by inspection of facilities and evaluation of records. More 

specifically, the following work programs were checked: maintenance of the facilities 

and equipment; food handling; cleaning and sanitizing; pest control; systematic supplier 

selection; product traceability; personnel training; waste management and water control.  

The first audit was conducted before training session. We found that the compliance of 

personnel to the training program in both catering services was very high, because 

100% of the examined workers had a food handler card for this type of work (BOE, 

2000) or had undergone specialized training provided by the company (EC, 2004). In 

contrast, recurrent deviations were observed when applying the traceability programs 

due to the considerable volume and variety of raw materials that were used in these 

central kitchens. Regarding compliance of HACCP, the majority of nonconformities 

were related to the temperature of cooked products and cleaning and disinfection 

procedures. With regard to the former, temperature control and temperature recording 

were deficient during the phases corresponding to the storage of raw materials, food 

processing, and preservation of the prepared foods, primarily because temperatures had 

not been recorded every day. This fact has also been pointed out by other authors (Bas, 

Ersun, & Kivanc, 2006; Jianu & Chiş, 2012; Taylor, 2008a) and highlights the lack of 

risk awareness with regard to a highly vulnerable issue. Compliance and monitoring of 

cleaning and disinfection programs was also found to be deficient. On occasion, in spite 

of having carried out the established cleaning and sanitizing tasks, said activities had 

not been recorded in the corresponding control sheets. The absence of records was 

justified due to lack of time on the part of the personnel. This lack of time for carrying 
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out necessary basic work tasks in the kitchen has also been described by other authors 

(Fielding et al., 2011; Herath & Henson, 2010; Taylor, 2008a). We also found a lack of 

commitment and adherence to the HACCP system. This deficiency greatly hindered the 

effective implementation of HACCP as reported by Mortimore (2001).  

 

3.2. Specific training session 

Taking into account the results obtained in the aforementioned audit, a decision was 

made to hold a training session in each one of the two kitchens, putting special 

emphasis on the basic aspects of the HACCP system and more specifically, on both 

observed deficient parameters: temperature and disinfection. In addition to the 

importance of the information to be covered in the training sessions (Martins, Hogg, & 

Gestal Otero, 2012), aspects such as the duration of the program and the language to be 

used (for easy comprehension on the part of the food handlers) should also be taken into 

account (Seaman, 2010). Therefore, it was decided to give a one hour session focusing 

on the monitoring and accurate recording of food holding temperatures and the cleaning 

of equipment and utensils. Very simple templates for recording the data, with easy 

application to a worker's daily routine, were presented to the personnel.  

The session was considered to be a success based on the improved results that were 

obtained for the two aforementioned parameters in both catering businesses during the 

second study period (increase of recorded activities and compliance with criteria for 

food temperature holding and microbiological surfaces counts, as reported in the next 

paragraphs).  

 

3.3. Temperatures of cooked meals 
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Table 1 shows the recorded holding temperatures of 1300 cooked food products 

measured at the time of filling into isothermal containers. The temperatures were 

grouped into ranges ≥65 °C, 64-55 °C and <55 °C, being assessed as safe, tolerable and 

unacceptable, respectively, following the criteria of Garayoa et al. (2011). It was 

observed that the training session at the start of the second period had a positive 

influence on the control of this critical point, because the percentage of meals with risky 

holding temperature (<55 °C) decreased significantly from 12.9% to 6.0% (p<0.001). In 

general terms, it should be noticed that 72.5% of the recorded temperatures in both 

periods (n = 942) complied with Spanish legislation (≥65 °C) (BOE, 2001), while 

18.1% (n = 235) had temperatures in the range 64-55 °C, which is considered to be 

inadequate from the legislation point of view. However, these temperatures would not 

represent a health risk to consumers because they still provide protection against the 

growth of microorganisms, as long as the meals are properly maintained within that 

range until serving. In this sense, WHO sets the limit at ≥60º (WHO, 2006) and even a 

barrier of 55 ºC has been proposed by several authors (Bryan, McNaught, & Blehm, 

1980; ICMSF, 1991; Garayoa et al., 2011). The proposed criterion of ≥55 ºC would 

result in a higher level of compliance (90.5% of the analyzed samples in this study 

would be correct). However, the need to observe this limit throughout the entire 

retention period (even if transport containers are required) must be stressed in order to 

guarantee food safety.  

In addition, there were significant differences in temperature retention, based on the 

type of food and the type of cooking. While liquid foods or sauces (soups/creams, 

vegetables/legumes and meals with sauce) recorded the highest temperatures, meals 

without sauces or subjected to short heat treatments (grilled and roast) had the lowest 

temperatures (p<0.001), coinciding with other previously reported studies (Garayoa et 
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al., 2011; Irigoyen & García-Jalón, 1992; Lago, Vitas, & García-Jalón, 2001). Therefore, 

catering services should avoid cooking procedures or meals that are not able to maintain 

55 ºC until serving, especially when transport to dining satellites is required. 

It should be noted that temperatures were taken at the time that food was distributed into 

isothermal containers, which also produces heat loss in terms of the time that elapses 

before reaching the dining rooms and cafeterias (Irigoyen & García-Jalón, 1992). 

Therefore, several proposals were made with regard to different measures to be taken so 

as to improve heat retention. For example, one measure involved preheating the 

containers before introducing the food; another measure, in the cases in which the 

product and cooking technique would permit it, was to introduce the food into the 

containers at much higher temperatures than established limits; and a third measure was 

to maintain the isothermal containers, loaded with the food, in heated cupboards until 

their transfer to the satellite dining rooms and cafeterias. In any case, we think that 

cooking techniques such as frying are not suitable for heat retention, meaning that in the 

case that caterers want to provide food cooked this way to satellite cafeterias, the 

cafeterias themselves should have the appropriate equipment available so as to be able 

to fry the food in situ.  

 

3.4. Evaluation of the hygienic quality of prepared meals 

A total of 99.9% of the analyzed meals complied with the current food legislation of 

each period. Only one positive sample for Salmonella spp. was detected (first period). It 

was isolated in a roast chicken with a recorded holding temperature of 35 °C, which 

signifies a potential risk of pathogen growth. In addition, E. coli was also present in this 

prepared meal and the coliforms number was higher than the allowed level (1.7 x 103 

CFU/g). 
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Despite the fact that the pathogenic bacteria L. monocytogenes and Salmonella spp. 

were not detected in any other meal, it should be pointed out that five samples analyzed 

during the first period were contaminated with E. coli and coliforms (>102 CFU/g), 

suggesting poor hygiene practices during processing operations. The recurrent kind of 

contaminated samples (sliced roasted meat), suggests post thermal treatment 

contamination during cutting operations and distribution. Note that these five samples 

also had holding temperatures <55 °C. No data is available regarding bacterial 

indicators during the second study period as current legislation for ready-to-eat food (in 

which prepared meals are included) only contemplates the absence of pathogens during 

their shelf-life (EC, 2005). In agreement with other authors (Rodriguez et al., 2011), we 

consider that it would be convenient to establish limits for other microorganisms for 

evaluating possible incorrect hygiene practices, regardless of whether or not the 

presence of pathogens is investigated (which are not usually isolated).   

 

3.5. Assessment of surfaces hygiene 

Cleaning work surfaces, equipment and utensils is the key to preventing microorganism 

contamination that can subsequently multiply in prepared foods, reaching unacceptable 

levels. Microbiological analysis of surfaces has been proven to be an effective tool for 

assessing the cleaning practices that are carried out in a kitchen and for improving 

hygienic behaviors in food handlers and making them more permanent. Therefore, 

coinciding with the opinion of other authors, we propose regular monitoring of work 

surfaces by means of microbial counts because this demonstrates the level of cleanliness 

more objectively than by means of visual inspection (Kassa et al., 2001). However, 

there are currently no existing microbiological criteria in Spain for evaluating hygiene 

of surfaces in catering kitchens. In addition, no unified criteria were found among the 
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various publications that were reviewed (Cosby et al., 2008; Forsythe & Hayes, 1998; 

Henroid, Mendonca, & Sneed, 2004; Marzano & Balzaretti, 2013; Sneed et al., 2004; 

Solberg et al., 1990). Therefore, a limit of ≤ 100 CFU/25 cm2 (≤ 0.6 log10 CFU/cm2) 

was used in this study for determining that a work surface is clean, based on the 

experience of over 3000 surfaces analyzed in the catering business and on the fact that 

the Rodac plate count method does not provide reliable results when the count exceeds 

100 CFU/plate (25 cm2). 

As shown in Table 2, the percentage of dirty surfaces was significantly reduced in the 

second period of study in both catering businesses (18.3% versus 13.6%, p=0.021). This 

suggests that, after the training session, the food handlers realized the importance of 

cleanliness as a key prerequisite for the application of HACCP in these companies. It 

should be pointed out that although the established criterion is more demanding than 

that recommended by Henroid et al. (2004) for the food industry and used in other 

studies (< 1.3 log10 CFU/cm2), the cleanliness of the surfaces examined was higher than 

that obtained by other authors. Thus, our study showed that only 15.9% of the surfaces 

exceeded the limit 0.6 log10 CFU/cm2, while Domenech-Sanchez et al. (2011) found 

counts greater than 1.3 log CFU/cm2 in 26% of samples and in the remaining 76%, the 

mean count was 0.62 log cm2.  

Depending on the different uses, the analyzed work surfaces were classified into three 

groups: equipment and work utensils, utensils for distribution, and distribution 

containers. As shown in Table 3, the dirtiest surfaces were found in the first group 

(19.4%). Cutting boards, mixers, meat slicing machines and work countertops were 

dirtier than the rest of the utensils analyzed, coinciding with the findings reported by 

other authors (Domenech-Sanchez et al., 2011; Garayoa et al., 2011; Irigoyen & García-

Jalón, 1992). Furthermore, we have also observed that the degree of cleanliness of 
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equipment and utensils is influenced by their place of storage. Utensils that were located 

below work areas were dirtier than those placed on high shelves or separated from 

working areas. In addition, the equipment and utensils that were not used that often 

were also found to be dirtier (data not shown). This suggests the importance of washing 

them before each use, even if they appear to be clean. With regard to the distribution 

containers, significant differences were found in terms of the types of containers. Thus, 

containers referred to as “thermos” (deep isothermal container for transport) and 

“gastronorms” (container to maintain temperature in the satellite kitchen) showed worse 

results than trays. This could possibly be due to the depth of the containers because the 

deeper the container, the more difficult it is to completely dry it after washing. Different 

studies (Beumer & Kusumaningrum, 2003; Grinstead & Cutter, 2007) reported moisture 

as a main factor in the rapid growth of microorganisms and our studies showed the same 

results. The thermos and gastronorm containers were found to be humid more often than 

the trays (data not shown). Therefore, we suggest emphasizing the importance of drying 

within the clean-up procedures.  

The impact of dirty surfaces on the hygienic quality of a finished product will depend 

on the step of dish elaboration in which the equipment or utensil was used. If an 

instrument of the first group would show a high microorganism count, the hygienic 

quality of the dish could still be guaranteed if the subsequent cooking techniques were 

effective. However, the dirty conditions of the equipment and utensils from the second 

and third groups will always directly contaminate the food already cooked and being 

ready-to-eat. Therefore, the importance of these cleaning levels should be stressed until 

the dirty conditions are virtually reduced to “zero”. Thus, taking into account these 

assumptions and the aforementioned results, we suggest establishing differences in the 

tolerable limits in terms of type of service, establishing more restrictive limits on 
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utensils and equipment that are in direct contact with the finished product than those 

located in pre-processing areas. Our proposal is to set a limit of ≤1 CFU/cm2 for utensils, 

crockery and cutlery, while the criteria would be kept at ≤4 CFU/cm2 for work surfaces 

and equipment, provided that subsequent sanitizing treatment is carried out. In a similar 

way, the Canadian government establishes benchmarks for the evaluation of the 

cleanliness of work surface areas, being more restrictive for utensils and tableware 

(maximum 1 CFU/cm2) than for the actual work surfaces, equipment and apparatus in 

contact with food, allowing maximum levels of mesophilic aerobic bacteria of 100 

CFU/cm2 (MAPAQ, 2009). Table 4 shows the hypothetical results of our study if the 

new proposed criterion was applied. The data suggest that training in cleaning and 

sanitizing procedures should be made emphasizing the relevance of surface 

contamination depending on the type of equipment and utensils, with special attention 

to those used in the meals distribution. 

In conclusion, verification of compliance of HACCP system through audits has helped 

to identify areas in which controls must be improved. Specific training sessions on 

holding temperatures of cooked prepared meals and on equipment and utensil cleaning 

procedures have improved the understanding and behavior on the part of the food 

handlers in catering services. However, more realistic limits for both parameters be 

established in order to improve the level of compliance but at the same time, 

guaranteeing the hygienic quality of prepared foods. 
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