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Abstract

The implementation of effective cleaning and disinfection procedures is crucial to ensure quality control and food
safety in food services. This study aimed to evaluate the hygienic conditions in the gastronomy laboratories of a
university in Colombia. The study conducted ATP bioluminescence detection and microbiological analysis on various
surfaces and food handler's hands. The results indicated the presence of aerobic mesophilic bacteria and total
coliforms on the surfaces, but no Escherichia coli, Staphylococcus aureus, Listeria monocytogenes, or Salmonella spp.
The cutting-board had the highest microbial counts, while the countertop and serving dish had the lowest. Total
coliform counts exceeded the acceptable limits on most surfaces. Correlations between ATP levels and microbial
counts were not significant. ATP measurements indicated organic contamination, but not necessarily high microbial
loads. The findings emphasize the importance of proper cleaning, disinfection protocols, and personal hygiene
practices to prevent cross-contamination and ensure food safety.

Keywords: Microbial contamination; Food handler; Hygiene; Cross-contamination; Swabbing; Bioluminescence.

Highlights

*  Monitoring cleanliness and disinfection was assessed by culture methods and ATP detection
»  The cutting board was the surface with the highest level of microorganisms

*  Food contact surfaces were not contaminated but contained a high load of organic matter

*  No significant positive correlation between culture methods and ATP detection was found

1 Introduction

The development of new products and food processing technologies, the commercial expansion, the
concern about food safety, and the growth of foodborne diseases, have revealed that the implementation of
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effective and rigorous procedures of cleanness and disinfection are essential to guarantee quality control in
food services. Therefore, the use of fast and sensitive techniques in food industries for the evaluation of
hygiene conditions on living and inert food contact surfaces is necessary (Lorenzo et al., 2020). It has been
reported that lack of hygiene of food handlers, inadequate hand washing (living surfaces) and disinfection of
inert surfaces (countertops and utensils) are some of the factors that can contribute to foodborne disease
transmission (Suescin-Carrero & Avila-Panche, 2017). Traditional methods, such as the swab technique
have been the golden standard since the 1900s for the determination of the microbiological quality of
surfaces; however, this method requires several days to obtain results and it is costly. As a result, fast methods
based on bioluminescence such as measuring the amount of ATP (adenosine triphosphate) to assess the
degree of hygiene, have been implemented (Altemimi et al., 2022). This method allows the detection of ATP
from microbial contamination as well as from organic contamination like skin flakes, bodily fluids, and food
scraps (van Arkel et al., 2021).

Gastronomy laboratories, which resemble industrial kitchens in design and operational models, play a
crucial role in providing food services to students, teachers, and administrative staff. These laboratories
should prioritize cleaning and disinfection procedures to ensure adherence to good manufacturing practices
(Food and Agriculture Organization, 2011; Colombia, 2013), thereby following established and approved
protocols. Inadequate procedures pose a high risk of cross-contamination, not only reducing the shelf life of
finished products but also increasing the likelihood of foodborne diseases caused by pathogenic
microorganisms such as Escherichia coli O157:H7, Staphylococcus aureus, Listeria monocytogenes and
Salmonella spp., which can survive in the presence of food residues remaining on food processing or handling
equipment after use (Lim et al., 2019) by forming biofilms (Ripolles-Avila et al., 2019). Cross-contamination
between food and contact surfaces is a major contributing factor to outbreaks, leading to both illness and
food spoilage according to the Centers for Disease Control and Prevention (Ipek & Demirel Zorba, 2018;
Possas & Pérez-Rodriguez, 2023). Therefore, stringent measures must be taken to control cleanliness and
disinfection in gastronomy laboratories to prevent this problem from worsening over time (Sharma et al.,
2022). The verification of surface cleaning and disinfection processes in gastronomy laboratories is crucial
for controlling the risk of cross-contamination and implementing measures to ensure the safety of food for
consumers. Additionally, it aims to educate food handlers about the importance of cleaning and disinfection
processes and the implementation of microbiological controls that comply with regulatory requirements for
establishments involved in food production and sale. This study aimed to evaluate the hygienic conditions
and the presence of foodborne pathogenic microorganisms, on food contact surfaces in the gastronomy
laboratories of a university in Colombia.

2 Material and methods

2.1 Study location

The analysis was performed in the gastronomy laboratories of a university in Medellin, Colombia.
Sampling was performed on inert food contact surfaces including countertops, blenders, cutting boards, and
serving dishes, as well as the operator’s hands (living surface), after the preparation of food and their
cleansing, according to the recommendation of the technical director of the laboratories, which indicated that
the selected surfaces had a high risk of contamination by food residues and microorganisms, or were exposed
to the environment. These surfaces have also been selected by other authors who reported them as critical
surfaces for the risk of food diseases (Rios-Castillo et al., 2021). The sampling was performed from October
to November of 2021 and March to May of 2022, periods in which the laboratories are used by students and
teachers. The cleansing protocol included initial cleaning using a neutral detergent (Berhlan) and a second
step consisting of disinfection using sodium hypochlorite (195 ppm) for 5 minutes followed by rinsing with
water. The food handler’s hands were washed with neutral hand soap (Berhlan).

Braz. J. Food Technol., Campinas, v. 27, €2023124, 2024 | https://doi.org/10.1590/1981-6723.12423 2/10



Food safety: Cleanliness and disinfection of food contact surfaces in gastronomy laboratories at a university in Colombia
Toboén Ospina, J. et al.

2.2 Sampling methods

Surface hygiene was assessed using two methods: bioluminescence detection of ATP and microbiological
analysis. 32 samples were made for each type of surface and food handler, each one was collected in triplicate,
according to the procedures established by NTC 5230 2017 (ICONTEC, 2017).

2.3 Bioluminescence detection of ATP

Hygiena EnSURE Luminometer ATP was used for the bioluminescent detection of ATP. The method
measures light to quantify the amount of biological energy in a sample, specifically ATP. This molecule can
be converted to light by a chemical reaction with luciferin and the enzyme luciferase. The amount of light
emitted in the reaction is directly proportional to the amount of ATP in the sample, and the amount of ATP,
is related to the number of ATP containing cells in the sample (AIDIAN, 2022). Samples were collected with
Ultrasnap surface swabs (Hygiena®), according to the manufacturer's protocol by swabbing 100 cm? of each
surface. The swab stick was mixed in a container to activate the enzyme present on the top. The swab was
put in the EnSURE Luminometer equipment (Hygiena®) and the measurement was carried out within
15 seconds. The result of the ATP-bioluminescence assay was expressed in relative light units
(RLU/100 cm?). According to the manufacturer of <10 RLU/100 cm? the surface could be considered clean,
>10 to <29 RLU/100 cm?, indicated that the surface was not adequately clean, and >30 RLU/100 cm? the
surface required cleaning (Whitehead et al., 2019).

2.4 Microbiological analysis

Microbiological samples were taken with a moistened swab that was constantly rotated while contacting
100 cm? of each inert surface. For the food handler’s hands the swabbing included the palm, the back of the
hand, the interdigital spaces, and nails. Each swab was stored in sample tubes with 9 mL of 0.1% w/v peptone
water (Microkit) and was transported at 4 + 2 °C to the Laboratorio de Control Calidad (LACMA), where
they were processed in the next 24 hours (h) after the sampling. According to NTC 5230 (ICONTEC, 2017),
serial dilutions up to 1x107> were prepared for the count of indicator Aerobic mesophilic microorganisms
according to ISO 4833-2:2013 (International Organization for Standardization, 2013) on Plate Count Agar
(PCA) (Merck®). Total coliform and E. coli were performed according to (Noma Tecnica Colombiana, 2007)
on Chromocult® agar (Merck®). For S. aureus, Baird Parker agar (Merck®) was used as indicated in
ISO 6888-1:2021 (International Organization for Standardization, 2021). For detection of L. monocytogenes
Palcam agar (Ox0id®) and Listeria spp. agar according to OTTAVIANI and AGOSTI (Merck®) were used
according to ISO 11290-1 (International Organization for Standardization, 2017b). Salmonella sp. was
detected according to ISO 6579-1 (International Organization for Standardization, 2017a) on Salmonella-
Shigella agar (Merck®) and Xylose Lysine Deoxycholate agar (Merck®). After incubation plates with
typical colonies for each pathogenic microorganism evaluated, according to the technical regulation, the
results were confirmed by the automated identification method VITEK®2 (BioMérieux). Results were
expressed as Colony Forming Units/cm? (CFU/cm?).

2.5 Statistical analysis

Data analyzes were carried out using IBM SPSS program version 29.0.0 with a significance level of 0.05.
Shapiro-Wilk’s test was used to test the normality of data distribution and Levene’s test was used to test
homoscedasticity. Differences between the surfaces were compared using Kruskal Wallis nonparametric test
where p < 0.05 was considered significant. The correlation between RLU values and CFU was calculated
using the Spearman’s rank correlation coefficient.
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3 Results and discussion

In this study, a microbiological analysis was performed on some food contact surfaces in the gastronomy
laboratories of a university in Colombia. Aerobic mesophilic bacteria and total coliform counts on inert
surfaces are presented in Figures 1 and Table 1, respectively. On none of the surfaces and food handler’s
hands, the presence of E. coli, S. aureus, L. monocytogenes, and Salmonella spp. were detected. These
bacteria are indicators of a dirty environment, unhygienic production procedures, and poor water quality
(Wiatrowski et al., 2023). Work areas, cutting boards, sinks, and kitchen faucets are recognized as important
surfaces in food service facilities that might result in cross-contamination of food, especially if these surfaces
are contaminated by mesophilic aerobic bacteria (Rodriguez et al., 2011). Aerobic mesophilic bacteria count
ranged from 0 to 21.8 CFU/cm? on all the inert surfaces. The highest counts were presented by the cutting
board and blender, without statistically significant differences between them (p > 0.05), while the countertop
and serving dish had the lowest counts (p < 0.05) among all the inert surfaces. For food handler’s hands the
aerobic mesophilic count was 6.98 CFU/cm? (Table 2). Aerobic mesophilic counts of food processing
environments are used to estimate the hygiene of the entire food production process (Touimi et al., 2019).
Colombian regulation for the microbiological sampling of surfaces and operator’s hands classifies the
efficacy of a cleaning and disinfection procedure according to the aerobic mesophilic counts, in which the
areas are clean (2-10 CFU/cm?), acceptable (11-100 CFU/cm?), dirty (> 100 CFU/cm?) and out of control
(101 -1000 CFU/cm?) (ICONTEC, 2017). The countertop and the serving dish presented less than
10 CFU/cm?, being classified as clean, while the cutting board and the blender were acceptable. Food
handler’s hands were classified as clean, as they presented aerobic count lower than 10 CFU/hand.
Additionally, Legnani etal. (2004) determined that food contact surfaces are considered satisfactory
hygienically when aerobic mesophilic counts are lower than 50 CFU/cm?. For the surfaces evaluated in this
study, the mesophilic counts were lower than this reference value, indicating that the cleansing procedure
used was satisfactory and the surfaces were uncontaminated. Similar results were obtained by Oliveira et al.
(2014), who evaluated the hygienic condition of food contact surfaces including mixers, cutting boards,
dishes, and countertops, and found aerobic mesophilic counts similar to this study and they were lower than
the reference value. Similarly, Janji¢ et al. (2015) found mesophilic counts higher than 10 CFU/cm? on
working surfaces for food preparation surfaces, wooden and plastic cutting boards. The results obtained in
this work are lower than those reported in other studies that evaluated the hygienic conditions on some food
contact surfaces including utensils in kitchens (Al-Aejroosh et al., 2021; Touimi et al., 2019).

Table 1. Total coliform counts on surfaces of the gastronomy laboratories and percentage of unsatisfactory surfaces (n = 32).

Surfaces CFU/cm? Unsatisfactory surfaces
Cutting board 0-401.6 16 (50%)
Blender 0-263.3 10 (31.25%)
Countertop 0-77 5 (15.6%)
Serving dish 0-1.0 3(9.37%)

Table 2. Microbial counts and ATP bioluminescence results for food handler’s hands.

Aerobic mesophilic counts Total coliform counts ATP bioluminescence
(CFU/hands) (CFU/ hands) (RLU/ hands)
0- 15633 0-600 38 - 4587
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Figure 1. Aerobic mesophilic bacteria count on surfaces of the gastronomy laboratories.

Total coliform counts ranged from 0 to 401.6 CFU/cm? within all the inert surfaces; the cutting board and
blender showed the highest counts of total coliforms, while the countertop and serving dish presented the lowest
count (p < 0.05). Because the sampling was conducted immediately after cleansing and disinfection protocol
and in accordance with Resolution 2674 of 2013 (Good Manufacturing Practices) (Colombia, 2013) that
governs in Colombia, food handler’s hands are considered sanitized when they do not show total coliforms, and
furthermore, E. coli should not be detected on any of the surfaces. The total coliform counts on some food
handlers’ hands (9.37%) and inert surfaces were unsatisfactory based on this microbiology criteria (Table 1
and 2), so their personal hygiene was not adequate and could contribute to increase the risk of transmission of
foodborne diseases. Contradictory results were found in the study conducted by Bumyut et al. (2022), who
investigated the food safety conditions at food service premises and the hand hygiene of food handlers in
Thailand, finding satisfactory results in food handler’s hands after handwashing. It is of great importance train
all employees in the use of effective hand washing procedures, and that the safety of the food chain supply can
easily be broken proper enforcement of these procedures (Lambrechts et al., 2014).

Most of the inert surfaces presented coliform counts that exceeded the limit established by this regulation
being classified as unsatisfactory. These results may be due to flaws in the cleaning protocol including the
use of inadequate concentration, contact time, mechanic action, and temperature. Additionally, other
disinfectants could be more efficient, with lower toxicity, fast acting, and not be adversely affected by organic
load, for the food industry in the removal of possible pathogenic microorganisms and improve hygienic
conditions (Kim et al., 2023). The total coliform counts found in this study are lower than those found in the
study of Tenna et al. (2023), who evaluated the microbiological quality of food contact surfaces (utensils)
from hotels and restaurants, and their counts ranged from 4.85 to 5.93 Log CFU/100 cm?. Total coliforms
are considered indicators of failures in cleansing and disinfection procedures, which can represent cross
contamination and biofilm formation on the surfaces. E. coli is considered a contamination indicator
submitting evidence for the food to be contaminated with fecal residues and likely to retain pathogenic
organisms. Mesophilic bacteria are commonly used for food and raw materials rather than surfaces, as they
are considered indicators of temperature fluctuations, humidity, and water content, while total coliforms are
directly associated with the efficacy of a cleansing protocol.

Several reports have found that the main sources of cross contamination during food processing come
from the surfaces, utensils, and employees (Mohammad & Al-Taee, 2018) and they can harbor a high
microbial load if they are not properly cleaned or are excessively used (Trindade et al., 2014). Based on the
microbial counts, the cutting board was the surface with the highest level of microorganisms, which could
be due to the fact that this surface is made from polyethylene and can present pores or cuts from usage. This
surface could be a reservoir for microorganisms that are not destroyed instantly after cleansing and could
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become a potential source of cross contamination where microorganisms can be further transferred to food
products or other food contact surfaces (Carrasco et al., 2012). Cutting boards should be replaced periodically
due to inevitable surface wear or, as soon as they become too worn or develop hard-to-clean grooves.
Additionally, color cutting boards should be used to separate different types of foods, such as dairy and bread
(white), raw red meat (red), vegetables and fruits (green), poultry (yellow), raw seafood (blue), and cooked
meat (brown), helping to reduce the risk of cross contamination (National Environmental Agency, 2016).
Microbiological cleanliness for cutting boards depended on the length of time the boards had been in use;
only new boards had high cleanliness levels (Wiatrowski et al., 2023). Most often food contact materials
found in food preparation settings are stainless steel, plastics, and ceramics (Djekic et al., 2016), while
rougher, more hydrophobic, and crusted surface materials have a favoring effect on the attachment of bacteria
and the biofilm formation (Lee et al., 2022). In this study, the countertop was made of stainless steel, a
material that has high durability and resistance to corrosion, allowing its easy cleaning, the serving dish was
made of ceramic and the blender was made from plastic. In a study made by Sahai et al. (2015) who assessed
the microbiological quality of utensils after a complete cycle in a dishwasher, finding that when the mean
bacterial colony count by material type was compared for individual swabs, it was observed that plastic items
had significantly higher counts than metal and ceramic items, same behavior found in this study.

The detection of microorganisms by traditional methods on food contact surfaces and equipment is not the
most appropriate option in this case, as it does not provide an immediate evaluation of the hygiene state of
the surfaces. Ready to use methods that detect microbial or organic loads are an alternative to rapidly
assessing the hygienic status of food contact surfaces. The indirect method of hygiene evaluation using the
measurement of ATP levels is one of the fastest measurement methods compared to culture methods, with
results obtained in just a few seconds (Wiatrowski et al., 2023). To correlate the results from the culture
methods, ATP measurement was carried out. The ATP bioluminescence investigation revealed the presence
of ATP on all the surfaces in all the areas (Table 3). The median RLU/100cm? value for the total ATP
measurements was 1345.89, with a range from 4.67 up to 7954.33. There were no statistically significant
differences (p > 0.05) among the countertop, blender, and serving dish. This method detected that all the
surfaces were unsatisfactory in terms of cleanliness; nevertheless, the bioluminescence assay can be highly
variable in determining bacteria present on surfaces due to the presence of organic material that cannot be
distinguished from the different types of microorganisms. Values obtained in this study are similar to those
reported by Wiatrowski et al. (2023), on five different surfaces on a mobile gastronomy truck (shelf of a
refrigerator, cutting board, small utensil such as a knife, serving surface, and worktop surface). Additionally,
the amount of ATP that a cell contains depends on its size and vital state so this can underestimate the number
of cells viable but not cultivable (Rios-Castillo et al., 2021). When comparing this result with the microbial
counts it could be demonstrated that the food contact surfaces were not contaminated but contained organic
matter. These results indicated that ATP measurement cannot be used to quantify the microbial populations
due to the presence of non-microbial ATP in the surface, but it is an indicative of cleanliness in food industries
(Carrascosa et al., 2012).

Table 3. ATP bioluminescence measurements on the surfaces of the gastronomy laboratories.

RLU/100 cm?
Surface
Range Mean value
Cutting board 24 —4552.33 621.72+109.91°"
Blender 11 -7954.33 1922.96 +£339.93 2
Countertop 135.77 — 7145.33 1924.57 +340.22 2
Serving dish 4.67 —4328.67 914.32 +161.63

Results were expressed as mean value + standard error. Means in the same column without a common letter differ significantly (p < 0.05).
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Spearman’s correlation between the measures of ATP (RLU/cm?) and Aerobic mesophilic counts
(CFU/cm?) showed a weak correlation between both variables (» = 0.044; p = 0.578). Similarly, there was a
weak correlation between ATP (RLU/cm?) and Total Coliform counts (CFU/cm?) (r = -0.053; p = 0.512)
(Figure 2). An explanation could be that ATP measures other biological materials (food scraps, skin flakes,
etc.), so the amount of bacterial/fungal contamination could be low while biological contamination (organic
materials) is higher (Oliveira et al., 2014). It was not possible to assume that a low CFU would correlate with
decreased ATP. Furlan et al. (2019) evaluated the correlation between microbiological culture and ATP
bioluminescence assay on five surfaces in a Brazilian clinic and found that only two of them presented a
significant correlation: the reception desk (p = 0.002) and the stretcher (p = 0.040). Similar results could be
identified, indeed, where a significant weak correlation between the values observed with the luminometer
and the bacterial counts was presented by Oliveira et al. (2014), in public schools in Brazil; as well as
Hammons et al. (2015), in retail delis and Raia et al. (2018), in hospital environments. The data obtained in
this study differs from those found in other studies (Shama & Malik, 2013; Shirai et al., 2016). The
differences found in those studies can be influenced by several factors including the load of organic matter
present in the surfaces that not necessarily mean that it has a high microbial load, given that ATP is an energy
source not only for microorganisms but also for plants, animal cells (Somatic cells) and other organisms such
as parasites (Bernardes et al., 2023). Additionally, there are differences in specific ATP content between
microbial genera and species (Shama & Malik, 2013).
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Figure 2. Spearman’s correlation between the measures of ATP (RLU/cm?) and Aerobic mesophilic counts
(CFU/cm?) and ATP (RLU/cm?) and Total Coliform counts (CFU/cm?).

The goal of ongoing research on hygiene validation approaches is to develop faster, simpler, and more
accurate technologies for the identification of microbial contamination in food processing environments
including surfaces, with the aim to be a tool for the management of the environment in food production
systems to define possible critical control points. This includes the use of ATP based methods with specific
and more sensible swabs that are designed and validated for the detection of specific microorganisms (Micro
Snap™). For food safety to be achieved, commercial operators, scientists, and consumers must work
continuously. Combining these techniques can give quality managers more knowledge about the
characteristics of the contamination discovered, allowing them to continuously enhance their control over
hygiene processes. Some factors that can contribute to limiting the contamination of food contact surfaces
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include personal hygiene, proper kitchen design, sanitation, and cleaning techniques that follow scientific
guidelines. It is necessary to design a disinfection protocol based on the specific needs of the gastronomy
laboratories and use cleaning and disinfection products that are specific to the food industry, following
Resolution 2674 (Colombia, 2013), and according to the technical data sheets of detergents and disinfectants.
Additionally, a microbiological sampling plan must be implemented with trained personnel.

4 Conclusions

This study highlights the importance of effective cleaning and disinfection procedures to ensure quality
control and food safety in gastronomy laboratories. The study showed that although the quick method is
cheaper, it also gives an overestimated result, as it indicated the presence of ATP on all surfaces analyzed,
but due to traditional analysis, it was possible to conclude that they were organic residues. The study found
that traditional methods for assessing surface cleanliness are time-consuming and costly, leading to the
adoption of fast techniques such as bioluminescence-based ATP measurement. The results showed the
presence of organic contamination on all surfaces, indicating the need for improved cleaning practices. While
microbial counts were generally low and did not exceed acceptable limits in most cases, total coliform counts
on most surfaces exceeded regulatory criteria. This suggests that personal hygiene practices and cleaning
protocols need to be enhanced to minimize the risk of cross-contamination and foodborne illnesses. The
findings emphasize the significance of proper training and education for food handlers regarding the
importance of hygiene procedures and microbiological controls. Furthermore, the study underscores the need
for ongoing research and development of advanced technologies to improve hygiene validation approaches
and enhance food safety management in food processing environments. Implementing stringent cleanliness
and disinfection measures, along with regular monitoring and evaluation, is crucial to ensure the safety and
quality of food services in gastronomy laboratories and other food production settings.

Acknowledgements

The authors thank the Institucion Universitaria Colegio Mayor de Antioquia for the funding of this work.

References

AIDIAN. (2022). A guide to monitoring surface hygiene. Retrieved in 2023, October 6, from https://www.aidian.eu/uploads/COM-
Documents-and-materials/725_02EN_Surface_hygiene_guide_2022_web.pdf

Al-Aejroosh, H. A., Al-Sowayan, N. S., & El-Razik, M. A. (2021). Heavy microbial load in the work environment, utensils and
surfaces of domestic kitchens. The Journal of Biological Sciences, 21(1), 38-44. http://dx.doi.org/10.3923/jbs.2021.38.44

Altemimi, A. B., Alhelfi, N., Ali, A. A., Pasqualone, A., Fidan, H., Abedelmaksoud, T. G., Giuffré, A. M., & Ibrahim, S. A. (2022).
Evaluation of baseline cleanliness of food contact surfaces in Basrah Governorate restaurants using ATP-bioluminescence to
assess the effectiveness of HACCP application in Iraq. /talian Journal of Food Science, 34(3), 66-90.
http://dx.doi.org/10.15586/ijfs.v34i3.2237

Bernardes, L. O., Santos, F. R., Angeloni, N. L. N., Ribeiro Furlan, M. C., Barcelos, L. D. S., Ferreira, A. M., Lopes Sousa, A. F.,
Andrade, D., Valim, M. D., Batista, O. M. A., Lapao, L. V., Santos Junior, A. G., & Lima, H. P. (2023). Monitoring of surface
cleaning and disinfection in a Brazilian pediatric unit. Therapeutic Advances in Infectious Disease, 10, 20499361221148007.
PMid:36654871. http://dx.doi.org/10.1177/20499361221148007

Bumyut, A., Makkaew, P., Yadee, K., Hlamchoo, S., Binyoosoh, I., & Precha, N. (2022). Assessment of food safety conditions at
food service premises using Thai survey form and field fecal indicator testing in Pakpoon municipality of Nakhon Si Thammarat,
Thailand. Food Science and Technology (Campinas), 42, 1-7. http://dx.doi.org/10.1590/fst.47521

Carrasco, E., Morales-Rueda, A., & Garcia-Gimeno, R. M. (2012). Cross-contamination and recontamination by Salmonella in
foods: a review. Food Research International, 45(2), 545-556. http://dx.doi.org/10.1016/j.foodres.2011.11.004

Carrascosa, C., Saavedra, P., Millan, R., Jaber, J. R., Pérez, E., Grau, R., Raposo, A., Mauricio, C., & Sanjuan, E. (2012).
Monitoring of cleanliness and disinfection in dairies: comparison of traditional microbiological and ATP bioluminescence
methods. Food Control, 28(2), 368-373. http://dx.doi.org/10.1016/j.foodcont.2012.05.001

Colombia. Ministerio de Salud y Proteccion Social. (2013, julio 22). Resolucion 2674 de 22 de junio de 2013, que establece los
requisitos sanitarios que deben cumplir las personas naturales y/o juridicas que ejercen actividades de fabricacion,
procesamiento, preparacion, envase, almacenamiento, transporte, distribuciéon y comercializacion de alimentos y materias primas

Braz. J. Food Technol., Campinas, v. 27, €2023124, 2024 | https://doi.org/10.1590/1981-6723.12423 8/10


https://www.aidian.eu/uploads/COM-Documents-and-materials/725_02EN_Surface_hygiene_guide_2022_web.pdf
https://www.aidian.eu/uploads/COM-Documents-and-materials/725_02EN_Surface_hygiene_guide_2022_web.pdf
https://doi.org/10.3923/jbs.2021.38.44
https://doi.org/10.15586/ijfs.v34i3.2237
https://pubmed.ncbi.nlm.nih.gov/36654871
https://pubmed.ncbi.nlm.nih.gov/36654871
https://doi.org/10.1177/20499361221148007
https://doi.org/10.1590/fst.47521
https://doi.org/10.1016/j.foodres.2011.11.004
https://doi.org/10.1016/j.foodcont.2012.05.001

Food safety: Cleanliness and disinfection of food contact surfaces in gastronomy laboratories at a university in Colombia
Toboén Ospina, J. et al.

de alimentos y los requisitos para la notificacion, permiso o registro sanitario de los alimentos, segun el riesgo en salud publica,
con el fin de proteger la vida y la salud de las personas. Diario Oficial, Colombia.

Djekic, I., Kuzmanovic, J., Andjelkovic, A., Saracevic, M., Stojanovic, M. M., & Tomasevic, |. (2016). Microbial profile of food
contact surfaces in foodservice establishments. British Food Journal, 118(11), 2666-2675. http://dx.doi.org/10.1108/BFJ-05-
2016-0190

Food and Agriculture Organization — FAO. (2011). Codex Alimentarius: principios generales de higiene de los alimentos CXC 1-
1969. Retrieved in 2023, October 6, from https://www.fao.org/fao-who-codexalimentarius/sh-

proxy/en/?Ink=1&url=https%253A%252F %252Fworkspace.fao.org%252F sites %252F codex%252F Standards %252FCXC%2B1-
1969%252FCXC_001s.pdf

Furlan, M. C. R., Ferreira, A. M., Rigotti, M. A., Guerra, O. G, Frota, O. P., De Sousa, A. F. L., & De Andrade, D. (2019).
Correlation among monitoring methods of surface cleaning and disinfection in outpatient facilities. Acta Paulista de
Enfermagem, 32(3), 282-289. http://dx.doi.org/10.1590/1982-0194201900039

Hammons, S. R., Stasiewicz, M. J., Roof, S., & Oliver, H. F. (2015). Aerobic plate counts and ATP levels correlate with Listeria
monocytogenes detection in retail delis. Journal of Food Protection, 78(4), 825-830. PMid:25836412.
http://dx.doi.org/10.4315/0362-028X.JFP-14-500

ICONTEC. (2017). NTC 5230:2017: Microbiologia de alimentos y alimento para animales. Método horizontal de técnicas de
muestreo de superficies, ambientes y manos. Retrieved in 2023, October 6, from https://tienda.icontec.org/gp-microbiologia-de-
alimentos-y-alimento-para-animales-metodo-horizontal-de-tecnicas-de-muestreo-de-superficies-ambientes-y-manos-ntc5230-
2017.html

International Organization for Standardization — 1ISO. (2013). ISO 4833-2:2013 - Microbiology of the food chain — Horizontal
method for the enumeration of microorganisms — Part 2: Colony count at 30 °C by the surface plating technique. Geneva: 1SO.

International Organization for Standardization — ISO. (2017a). ISO 6579-1:2017 - Microbiology of the food chain — Horizontal
method for the detection, enumeration and serotyping of Salmonella — Part 1: Detection of Salmonella spp. Geneva: 1SO.

International Organization for Standardization — ISO. (2017b). ISO 11290-1:2017 - Microbiology of the food chain — Horizontal method
for the detection and enumeration of Listeria monocytogenes and of Listeria spp. — Part 1: Detection method. Geneva: ISO.

International Organization for Standardization — ISO. (2021). ISO 6888-1:2021: Microbiology of the food chain — Horizontal
method for the enumeration of coagulase-positive staphylococci (Staphylococcus aureus and other species) — Part 1: Method
using Baird-Parker agar medium. Geneva: 1SO.

ipek, D., & Demirel Zorba, N. N. (2018). Microbial load of white cheese process lines after CIP and COP: a case study in
Turkey. Lebensmittel-Wissenschaft + Technologie, 90, 505-512. http://dx.doi.org/10.1016/j.lwt.2017.12.062

Janji¢, J., Dimovska, N., lvanovi¢, J., Boskovi¢, M., Pordevi¢, V., Balti¢, T., & Balti¢, M. (2015). Microbiological status of kitchen
surfaces in households. Journal of Hygienic Engineering and Design Original, 12(2015), 24-27.

Kim, J. M., Zhang, B. Z., & Park, J. M. (2023). Comparison of sanitization efficacy of sodium hypochlorite and peroxyacetic acid used as
disinfectants in poultry food processing plants. Food Control, 152, 109865. http://dx.doi.org/10.1016/j.foodcont.2023.109865

Lambrechts, A. A., Human, I. S., Doughari, J. H., & Lues, J. F. R. (2014). Bacterial contamination of the hands of food handlers
as indicator of hand washing efficacy in some convenient food industries in South Africa. Pakistan Journal of Medical Sciences,
30(4), 755-758. PMid:25097511.

Lee, S. H. |, Portinari, M. R. P., Corassin, C. H., & Oliveira, C. A. F. (2022). Biofilms from pathogenic bacteria in food
processing environments: formation and preventive disinfection procedures. Food Science and Engineering, 28(6), 12-19.

Legnani, P., Leoni, E., Berveglieri, M., Mirolo, G., & Alvaro, N. (2004). Hygienic control of mass catering establishments,
microbiological monitoring of food and equipment. Food Control, 15(3), 205-211. http://dx.doi.org/10.1016/S0956-7135(03)00048-3

Lim, S. M,, Lim, E. S, Kim, J. S., Paik, H. D., & Koo, O. K. (2019). Survival of foodborne pathogens on stainless steel soiled
with different food residues. Food Science and Biotechnology, 29(5), 729-737. PMid:32419971.
http://dx.doi.org/10.1007/s10068-019-00705-6

Lorenzo, F., Sanz-Puig, M., Berto, R., & Orihuel, E. (2020). Assessment of performance of two rapid methods for on-site control of
microbial and biofilm contamination. Applied Sciences (Basel, Switzerland), 10(3), 744. http://dx.doi.org/10.3390/app10030744

Mohammad, G. A, & Al-Taee, S. M. (2018). Comparison of various types of Cutting boards in bacterial contamination. Rafidain
Journal of Science, 4(1), 12-18. http://dx.doi.org/10.33899/rjs.2018.145386

National Environmental Agency. (2016). Guidelines on proper usage and cleaning of chopping boards. Retrieved in 2023,
October 6, from https://www.sfa.gov.sg/docs/default-source/our-services/guidelines-on-proper-usage-and-cleaning-of-chopping-
boards_080319.pdf

Noma Tecnica Colombiana — NTC. (2007). NTC 4458:2018: Microbiologia de alimentos y de alimentos para animales. Método
horizontal para el recuento de coliformes o escherichia coli o ambos. Técnica de recuento de colonias utilizando medios
fluoregénicos o cromogénicos. Retrieved in 2023, October 6, from https://tienda.icontec.org/gp-microbiologia-de-alimentos-y-de-
alimentos-para-animales-metodo-horizontal-para-el-recuento-de-coliformes-o-escherichia-coli-o-ambos-tecnica-de-recuento-de-
colonias-utilizando-medios-fluorogenicos-o-cromogenicos-ntc4458-2018.html

Oliveira, A. B. A., Da Cunha, D. T., Stedefeldt, E., Capalonga, R., Tondo, E. C., & Cardoso, M. R. |. (2014). Hygiene and good
practices in school meal services: organic matter on surfaces, microorganisms and health risks. Food Control, 40(1), 120-126.
http://dx.doi.org/10.1016/j.foodcont.2013.11.036

Possas, A., & Pérez-Rodriguez, F. (2023). New insights into cross-contamination of fresh-produce. Current Opinion in Food
Science, 49, 100954. http://dx.doi.org/10.1016/j.cofs.2022.100954

Braz. J. Food Technol., Campinas, v. 27, €2023124, 2024 | https://doi.org/10.1590/1981-6723.12423 9/10


https://doi.org/10.1108/BFJ-05-2016-0190
https://doi.org/10.1108/BFJ-05-2016-0190
https://www.fao.org/fao-who-codexalimentarius/sh-proxy/en/?lnk=1&url=https%253A%252F%252Fworkspace.fao.org%252Fsites%252Fcodex%252FStandards%252FCXC%2B1-1969%252FCXC_001s.pdf
https://www.fao.org/fao-who-codexalimentarius/sh-proxy/en/?lnk=1&url=https%253A%252F%252Fworkspace.fao.org%252Fsites%252Fcodex%252FStandards%252FCXC%2B1-1969%252FCXC_001s.pdf
https://www.fao.org/fao-who-codexalimentarius/sh-proxy/en/?lnk=1&url=https%253A%252F%252Fworkspace.fao.org%252Fsites%252Fcodex%252FStandards%252FCXC%2B1-1969%252FCXC_001s.pdf
https://doi.org/10.1590/1982-0194201900039
https://pubmed.ncbi.nlm.nih.gov/25836412
https://doi.org/10.4315/0362-028X.JFP-14-500
https://tienda.icontec.org/gp-microbiologia-de-alimentos-y-alimento-para-animales-metodo-horizontal-de-tecnicas-de-muestreo-de-superficies-ambientes-y-manos-ntc5230-2017.html
https://tienda.icontec.org/gp-microbiologia-de-alimentos-y-alimento-para-animales-metodo-horizontal-de-tecnicas-de-muestreo-de-superficies-ambientes-y-manos-ntc5230-2017.html
https://tienda.icontec.org/gp-microbiologia-de-alimentos-y-alimento-para-animales-metodo-horizontal-de-tecnicas-de-muestreo-de-superficies-ambientes-y-manos-ntc5230-2017.html
https://doi.org/10.1016/j.lwt.2017.12.062
https://doi.org/10.1016/j.foodcont.2023.109865
https://pubmed.ncbi.nlm.nih.gov/25097511
https://doi.org/10.1016/S0956-7135(03)00048-3
https://pubmed.ncbi.nlm.nih.gov/32419971
https://doi.org/10.1007/s10068-019-00705-6
http://dx.doi.org/10.3390/app10030744
https://doi.org/10.33899/rjs.2018.145386
https://www.sfa.gov.sg/docs/default-source/our-services/guidelines-on-proper-usage-and-cleaning-of-chopping-boards_080319.pdf
https://www.sfa.gov.sg/docs/default-source/our-services/guidelines-on-proper-usage-and-cleaning-of-chopping-boards_080319.pdf
https://tienda.icontec.org/gp-microbiologia-de-alimentos-y-de-alimentos-para-animales-metodo-horizontal-para-el-recuento-de-coliformes-o-escherichia-coli-o-ambos-tecnica-de-recuento-de-colonias-utilizando-medios-fluorogenicos-o-cromogenicos-ntc4458-2018.html
https://tienda.icontec.org/gp-microbiologia-de-alimentos-y-de-alimentos-para-animales-metodo-horizontal-para-el-recuento-de-coliformes-o-escherichia-coli-o-ambos-tecnica-de-recuento-de-colonias-utilizando-medios-fluorogenicos-o-cromogenicos-ntc4458-2018.html
https://tienda.icontec.org/gp-microbiologia-de-alimentos-y-de-alimentos-para-animales-metodo-horizontal-para-el-recuento-de-coliformes-o-escherichia-coli-o-ambos-tecnica-de-recuento-de-colonias-utilizando-medios-fluorogenicos-o-cromogenicos-ntc4458-2018.html
https://doi.org/10.1016/j.foodcont.2013.11.036
https://doi.org/10.1016/j.cofs.2022.100954

Food safety: Cleanliness and disinfection of food contact surfaces in gastronomy laboratories at a university in Colombia
Toboén Ospina, J. et al.

Raia, D. D., Cannova, L., Provenzano, S., Santangelo, O. E., Piazza, D., Alagna, E., Bonanno, V., Aprea, L., & Firenze, A.
(2018). Comparison between adenosine triphosphate bioluminescence and aerobic colony count to assess surface sanitation in
the hospital environment. Epidemiology, Biostatistics, and Public Health, 15(1), e12710-1, e12710-e12714.
http://dx.doi.org/10.2427/12710

Rios-Castillo, A. G., Ripolles-Avila, C., & Rodriguez-Jerez, J. J. (2021). Evaluation of bacterial population using multiple
sampling methods and the identification of bacteria detected on supermarket food contact surfaces. Food Control, 119, 107471.
http://dx.doi.org/10.1016/j.foodcont.2020.107471

Ripolles-Avila, C., Hascoét, A. S., Martinez-Suarez, J. V., Capita, R., & Rodriguez-Jerez, J. J. (2019). Evaluation of the
microbiological contamination of food processing environments through implementing surface sensors in an iberian pork
processing plant: an approach towards the control of Listeria monocytogenes. Food Control, 99, 40-47.
http://dx.doi.org/10.1016/j.foodcont.2018.12.013

Rodriguez, M., Valero, A., Posada-lzquierdo, G. D., Carrasco, E., & Zurera, G. (2011). Evaluation of food handler practices and
microbiological status of ready-to-eat foods in long-term care facilities in the Andalusia region of Spain. Journal of Food
Protection, 74(9), 1504-1512. PMid:21902920. http://dx.doi.org/10.4315/0362-028X.JFP-10-468

Sahai, D., Peterson, E., & Li, Y. (2015). Microbiological assessment of utensils cleaned by domestic dishwashers in Ontario
small establishments. Food Protection Trends, 35(3), 185-195.

Shama, G., & Malik, D. J. (2013). The uses and abuses of rapid bioluminescence-based ATP assays. International Journal of
Hygiene and Environmental Health, 216(2), 115-125. PMid:22541898. http://dx.doi.org/10.1016/j.ijheh.2012.03.009

Sharma, S., Jaiswal, S., Duffy, B., & Jaiswal, A. K. (2022). Advances in emerging technologies for the decontamination of the food
contact surfaces. Food Research International, 151, 110865. PMid:34980401. http://dx.doi.org/10.1016/j.foodres.2021.110865

Shirai, H., Oshita, S., & Makino, Y. (2016). Detection of fluorescence signals from ATP in the second derivative excitation—
emission matrix of a pork meat surface for cleanliness evaluation. Journal of Food Engineering, 168, 173-179.
http://dx.doi.org/10.1016/j.jfoodeng.2015.07.032

Suescun-Carrero, S., & Avila-Panche, S. (2017). Evaluacién microbiolégica en programas de alimentacion escolar en instituciones
educativas en el Departamento de Boyaca — Colombia. NOVA, 15(28), 93-98. http://dx.doi.org/10.22490/24629448.2084

Tenna, A., Amare, K., Tekola, H., Kidan, Y. W., Melese, D., & Medhin, G. (2023). Assessment of the microbial quality of food
contact surfaces (Utensils) of hotels and restaurants in Addis Ababa. Research Square, http://dx.doi.org/10.21203/rs.3.rs-
2596388/v1 [Preprint]

Touimi, G. B., Bennani, L., Berrada, S., Benboubker, M., & Bennani, B. (2019). Evaluation of hygienic conditions of food contact
surfaces in a hospital kitchen in Morocco. Iranian Journal of Microbiology, 11(6), 527-534. PMid:32148685.
http://dx.doi.org/10.18502/ijm.v11i6.2225

Trindade, S. N. C., Pinheiro, J. S., de Almeida, H. G., Pereira, K. C., & Sobrinho, P. (2014). Bacteriological quality and food safety in
a Brazilian school food program. Nutricién Hospitalaria, 29(1), 80-87. PMid:24483965. http://dx.doi.org/10.3305/nh.2014.29.1.7006

van Arkel, A., Willemsen, |., & Kluytmans, J. (2021). The correlation between ATP measurement and microbial contamination of
inanimate surfaces. Antimicrobial Resistance and Infection Control, 10(1), 116. PMid:34362450.
http://dx.doi.org/10.1186/s13756-021-00981-0

Whitehead, K. A., Saubade, F., Akhidime, I. D., Liauw, C. M., Benson, P. S., & Verran, J. (2019). The detection and
quantification of food components on stainless steel surfaces following use in an operational bakery. Food and Bioproducts
Processing, 116, 258-267. http://dx.doi.org/10.1016/j.fbp.2019.06.004

Wiatrowski, M., Rosiak, E., & Czarniecka-Skubina, E. (2023). Surface hygiene evaluation method in food trucks as an important
factor in the assessment of microbiological risks in mobile gastronomy. Foods, 12(4), 772. PMid:36832855.
http://dx.doi.org/10.3390/foods 12040772

Funding: Institucién Universitaria Colegio Mayor de Antioquia,
Medellin, Colombia (FCSA 35).

Received: Oct. 06, 2023; Accepted: Feb. 08, 2024

Associate Editor: Felipe Alves de Almeida.

Braz. J. Food Technol., Campinas, v. 27, €2023124, 2024 | https://doi.org/10.1590/1981-6723.12423 10/10


https://doi.org/10.2427/12710
https://doi.org/10.1016/j.foodcont.2020.107471
https://doi.org/10.1016/j.foodcont.2018.12.013
https://pubmed.ncbi.nlm.nih.gov/21902920
https://doi.org/10.4315/0362-028X.JFP-10-468
https://pubmed.ncbi.nlm.nih.gov/22541898
https://doi.org/10.1016/j.ijheh.2012.03.009
https://pubmed.ncbi.nlm.nih.gov/34980401
https://doi.org/10.1016/j.foodres.2021.110865
https://doi.org/10.1016/j.jfoodeng.2015.07.032
https://doi.org/10.22490/24629448.2084
https://doi.org/10.21203/rs.3.rs-2596388/v1
https://doi.org/10.21203/rs.3.rs-2596388/v1
https://pubmed.ncbi.nlm.nih.gov/32148685
https://doi.org/10.18502/ijm.v11i6.2225
https://pubmed.ncbi.nlm.nih.gov/24483965
https://doi.org/10.3305/nh.2014.29.1.7006
https://pubmed.ncbi.nlm.nih.gov/34362450
https://doi.org/10.1186/s13756-021-00981-0
https://doi.org/10.1016/j.fbp.2019.06.004
https://pubmed.ncbi.nlm.nih.gov/36832855
https://doi.org/10.3390/foods12040772

