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RESUMEN GENERAL 
 

LA CADENA DE FRÍO Y SU RELEVANCIA EN INOCUIDAD Y VIDA DE 
ANAQUEL DE PRODUCTOS CÁRNICOS1 

 
Los cárnicos requieren temperatura controlada para maximizar su vida de 
anaquel. Esta puede verse afectada por el manejo ante-mortem y post-mortem, 
prácticas aplicadas durante la cadena de suministro, por la presencia de 
microorganismos, entre otros. La revisión de literatura determinó que los últimos 
eslabones de la cadena de frío suelen ser los de mayor problema. Una gestión 
inadecuada puede resultar en brotes de enfermedades. La implementación de 
buenas prácticas de higiene y manufactura son esenciales para la seguridad e 
inocuidad alimentaria. Las gestiones realizadas dentro de la venta minorista de 
perecederos requieren de estrictos monitoreos para corroborar su adecuando 
funcionamiento. La normatividad mexicana menciona que los establecimientos 
que comercializan productos cárnicos deben mantenerlos a máximo 4 °C. Sin 
embargo, evaluaciones de campo mostraron supermercados que rompieron la 
cadena de frío, temperaturas superiores al límite se observaron durante el año y 
dentro del refrigerador al evaluar la localización de los cárnicos. Análisis del nivel 
de higiene del personal de dichos establecimientos, mostraron que requieren 
mejorar el uso de uniforme adecuado; malas prácticas de higiene ponen en riesgo 
la inocuidad de los alimentos. Este aspecto se evaluó tomando muestras de carne 
para detectar contaminación por mesófilos, coliformes, E. coli, y Salmonella. 
Todos los supermercados mostraron al menos una muestra con Salmonella. Sin 
embargo, no se determinó la especie. Se encontraron cargas bacterianas de E. 
coli que cumplen la normatividad mexicana, no se realizaron pruebas para 
determinar serotipos de mayor peligro como el O157:H7, posteriores estudios son 
necesarios. Por otro lado, la normatividad no contempla límites para mesófilos y 
coliformes. Sin embargo, las cargas que se encontraron en las muestras no 
cumplen con lineamientos internacionales como los europeos o 
estadounidenses; México debería considerar regular de forma más certera la 
calidad microbiológica de los cárnicos, debido a la gran cantidad de 
microrganismos de riesgo que pueden contener. 
 
Palabras clave: Inocuidad, carne, cadena de frío, higiene, microbiología.  

                                            
1 Tesis de Doctorado en Ciencias en Innovación Ganadera, Posgrado en Producción Animal, 
Universidad Autónoma Chapingo. 
Autor: Pedro Arriaga Lorenzo 
Director: Ema de Jesús Maldonado Simán 
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GENERAL ABSTRACT 
 

COLD CHAIN AND ITS RELEVANCE TO FOOD SAFETY AND SHELF LIFE 
OF MEAT PRODUCTS2 

 
Meat products require temperature control to maximize their shelf life. It can be 
affected by ante-mortem and post-mortem handling, practices applied throughout 
supply chain, presence of microorganisms, among others. The literature review 
showed that the last links of the cold chain were usually the weakest. Improper 
management can result in disease outbreaks. Implementing good hygienic and 
manufacturing practices is essential for food safety and security. Perishable 
retailing operations require strict monitoring to corroborate their proper 
functioning. Mexican regulations specify that stores marketing meat products 
must keep them at a maximum 4 °C. However, field evaluations showed 
supermarkets that broke the cold chain; temperatures above the limit were 
observed during the year and inside the refrigerator when evaluating the location 
of the meat products. Analysis of the hygiene level of personnel in these 
establishments showed they need to improve the use of appropriate uniforms; 
poor hygiene practices endanger food safety. This aspect was evaluated by taking 
meat samples to detect contamination by mesophiles, coliforms, E. coli, and 
Salmonella. All supermarkets showed at least one sample with Salmonella. 
Nonetheless, no species was determined. Bacterial loads of E. coli were found to 
comply with Mexican regulations, but no tests were performed to determine 
serotypes of greater danger, such as O157:H7; further studies are necessary. On 
the other hand, these norms do not contemplate limits for mesophiles and 
coliforms. Nevertheless, loads found in the samples do not comply with 
international guidelines such as those of Europe or the USA; Mexico should 
consider regulating the microbiological quality of meat products more accurately, 
given the large number of microorganisms of risk that they may contain. 
 
Keywords: Food safety, meat, cold chain, hygiene, microbiology. 
 
 
 

                                            
2 Doctoral Thesis in Livestock Innovation, Graduate Program in Animal Production, Universidad 
Autónoma Chapingo 
Author: Pedro Arriaga Lorenzo 
Advisor: Ema de Jesús Maldonado Simán 
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1. INTRODUCCIÓN GENERAL 

Los humanos consumen una amplia variedad de productos alimenticios, los 

cuales requieren de diferentes cuidados dependiendo de sus características. Los 

productos cárnicos, lácteos, frutas y verduras, entre otros, son considerados 

alimentos perecederos; por lo cual, se deben mantener en un rango de 

temperatura establecido y sin interrupciones para lograr conservarlos con 

características óptimas para el consumo humano. Los incrementos por arriba del 

rango de temperatura de almacenaje pueden acelerar el deterioro del producto, 

ocasionado por el metabolismo del propio alimento o por el crecimiento de 

patógenos y microorganismos que lo degradan (Mercier et al., 2017). 

Dentro de estos productos perecederos, los cárnicos representan una importante 

fuente de nutrientes, siendo un sustrato potencial para el desarrollo de una 

variedad de microorganismos que aceleran su degradación, presentando riesgos 

para la salud humana. Garantizar la entrega a los consumidores finales de un 

producto inocuo y con altos niveles de calidad, requiere realizar rigurosos 

procesos de higiene, además de utilizar las diferentes tecnologías disponibles 

que permitan conservar los alimentos perecederos bajo temperaturas adecuadas 

(Kaur et al., 2021). 

Los microrganismos que pueden estar presentes en el deterioro de productos 

cárnicos son principalmente bacterias, debido a las características de estos 

alimentos (Zhang et al., 2019). Pueden encontrarse Bacterias Ácido Lácticas 

(BAL), especies del género Pseudomonas, y miembros de la familia 

Enterobacteriaceae, entre otras (Gram et al., 2002; Wu et al., 2018). Sin embargo, 

algunas especies de BAL son conocidas por su influencia positiva en la 

preservación y fermentación de alimentos, por su capacidad de acidificar el 

ambiente y producir bacteriocinas que previenen el crecimiento de bacterias con 

potencial para degradar alimentos y de riesgo a la salud humana (Fontana et al., 

2005). 
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Entonces, garantizar la inocuidad de un alimento representa un gran reto para la 

industria alimentaria. Por ende, es necesario emplear las herramientas que 

solucionen un problema en específico, como reducir la probabilidad de 

enfermedades potenciales por la ingesta de alimentos contaminados, algunas de 

presencia común, ocasionadas por bacterias de la familia Enterobacteriaceae, 

como Salmonella enterica serovar Typhi, Shigella dysenteriae, Yersinia pestis, y 

Escherichia coli (Wu et al., 2018). Además, existen otros microorganismos 

capaces de producir toxinas carcinogénicas o promotoras de otras enfermedades 

(Hanvi et al., 2021; IARC, 1993). 

Un producto alimenticio pasa por diferentes etapas desde su producción hasta 

llegar al consumidor, a esto se le conoce como cadena de suministro de 

alimentos; cada uno de los eslabones que la componen tiene su nivel de 

complejidad y durante estos procesos, el manejo de temperatura es un factor 

esencial en alimentos perecederos. La temperatura resulta ser importante 

durante la cadena de frío debido a que, sobre ésta recae la confianza de la 

industria de alimentos, por ser una herramienta efectiva para mantener la 

inocuidad y calidad de productos perecederos (Kim et al., 2013; Li et al., 2018; 

Zhang et al., 2019). 

Aunque diversos factores pueden influenciar la reducción de la vida de anaquel 

de productos perecederos, la temperatura es el factor extrínseco de mayor 

importancia por el impacto que tiene en esta, mostrando efectos con tan sólo un 

grado centígrado por arriba de lo establecido en las normas (Almonacid-Merino 

& Torres, 1993; Raab et al., 2011). En México la NOM-251-SSA1-2009 establece 

que los productos perecederos deben mantenerse a una temperatura igual o 

menor que 4 °C, a excepción de los productos de pesca, que pueden llegar hasta 

los 7 °C. El rango de temperatura se define para limitar el crecimiento de 

microorganismos que deterioran el producto y el de patógenos que ponen en 

riesgo la salud de los seres humanos, como lo es E. coli O157:H7, la cual puede 

iniciar su crecimiento a 7.2 °C (Vorst et al., 2018). 
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El control permanente de la temperatura es útil inclusive al momento de la compra 

de alimentos, debido a que los centros de distribución ofrecen una variada 

información en sus embalajes; por ejemplo, la fecha de caducidad. La industria 

de alimentos perecederos etiqueta sus productos con una vida de anaquel 

basados en la hipótesis de que se mantendrán bajo una temperatura constante y 

favorable. Sin embargo, si en algún punto de la cadena de frío se presentan 

variaciones de temperatura desfavorables, es posible que se produzcan 

alteraciones en el producto y las leyendas de “consumo preferente antes de:” 

proporcionen una información errónea (Gao et al., 2020). 

Los retos que enfrenta la industria de alimentos en materia de inocuidad y calidad 

se direccionan principalmente en reducir las cifras reportadas anualmente de 

enfermedades transmitidas por alimentos reportadas. El consumo de alimentos 

contaminados por bacterias, hongos, virus, parásitos, entre otros 

microorganismos o sustancias químicas, pueden causar al menos 200 posibles 

enfermedades, las cuales varían desde diarrea hasta cáncer. Cada año se 

reportan 600 millones de personas que enferman por el consumo de alimentos 

contaminados, de los cuales mueren 420 (WHO, 2022). 

Por otro lado, manejar erróneamente los alimentos durante la cadena de 

suministro conlleva pérdidas en las diferentes etapas que la componen, la FAO 

(2011) estimó que aproximadamente un tercio de la producción mundial de 

alimentos se pierde o se desperdicia, y esto significa unos 1,300 millones de 

toneladas al año. A pesar de los esfuerzos realizados para reducir estas cifras, 

el problema de desperdicio de alimentos sigue latente, lo que impacta en la 

disponibilidad de víveres para una población en crecimiento (Flanagan et al., 

2019). Por lo cual, es importante saber si se están tomando las medidas 

necesarias para enfrentar los problemas que se presentan durante la cadena de 

frío, en especial durante el eslabón de la distribución. 
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 Hipótesis 

El manejo de la cadena de frío e higiene operado por supermercados de la región 

del noreste del Estado de México que comercializan hacia el consumidor final 

productos cárnicos no cumple con los requisitos establecidos por la autoridad 

nacional competente, publicados en las Normas Oficiales Mexicanas que le 

competen, presentando un posible riesgo para la salud humana por el consumo 

de alimentos contaminados. 

 Objetivos 

Objetivo general 

Analizar la gestión de la cadena de frío y el manejo higiénico de tres tipos de 

productos cárnicos comercializados al consumidor final en supermercados y su 

impacto en la vida de anaquel e inocuidad. 

Objetivos específicos 

 Registrar la temperatura de la superficie de productos cárnicos de pollo, 

puerco y res ubicados en diferentes posiciones de los refrigeradores de 

autoservicio en supermercados, para determinar el nivel de gestión de la 

cadena de frío.   

 Verificar el nivel de los parámetros de higiene operado por el personal, el 

equipo y lugar de distribución de productos cárnicos prevalente en los 

supermercados evaluados. 

 Determinar si existe riesgo a la salud de los consumidores humanos, con 

base en la presencia de bacterias en la carne de res, que no cumpla con 

los lineamientos establecidos en la normatividad correspondiente.  

El presente documento se compone de 5 capítulos adicionales. En el Capítulo 2 

se desarrolla una revisión de literatura sobre la “importancia de la cadena de frío 

en la inocuidad de productos cárnicos”; en el Capítulo 3 se elaboró un artículo de 

investigación sobre la “Fluctuación de la temperatura de la carne de res en la 
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comercialización al menudeo”; en el Capítulo 4 se incluye un artículo sobre “la 

gestión de la cadena de frío de los productos cárnicos comercializados por 

centros comerciales”; para el Capítulo 5 se incorpora un artículo sobre “las 

prácticas de higiene de supermercados que impactan en la vida de anaquel de 

productos cárnicos”; y en el Capítulo 6 se desarrolló un artículo sobre “bacterias 

potencialmente peligrosas para la salud humana, presentes en la carne de res 

comercializada en supermercados”. 
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 Tabla 1. Temperature fluctuations observed throughout the cold chain 
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Tabla 2. Detection of SARS-COV-2 virus in food-safety related samples 
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 Tabla 3. Estimated temperatures (°C) for cuts of beef placed in the front position of the fridge. 
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Tabla 5. Estimated temperatures (°C) for cuts of beef placed in the rear position of the fridge. 

Tabla 4. Estimated temperatures (°C) for cuts of beef placed in the middle position of the fridge. 
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Tabla 6. Single-effect temperature means 
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Figura 1. Temperature means of the three meat types in year season in the supermarkets. 

Figura 2. Temperature means of the three meat types in different positions in the refrigerator throughout the year. 

Figura 3. Temperature means of the three meat types in different positions in the refrigerator in the 
supermarkets 

Figura 4. Temperature means of the three meat types in the supermarkets. 
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Figura 5. Effect of environmental temperature on meat products 

Figura 6. Effect of the change of refrigeration equipment in supermarket 3. 
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ABSTRACT 

The management of good hygiene and sanitation practices plays a fundamental role in 

the quality and safety of fresh meat products. An evaluation related to hygiene and 

sanitation was conducted in situ in four Mexican retail supermarkets, by visual 

assessment using a 5-level Likert scale. Statistical analysis used a completely 

randomized experimental design with the chi-square statistical test. The results showed 

that there were significant temperature fluctuations in the meat self-service area and 

service areas. Another essential parameter addressed was associated with employees in 

the proper use and cleanliness of the work uniform. Therefore, it was suggested to 

conduct training programs for employees and implement activities leading to the 

maintenance and calibration of cooling equipment to control the food deterioration. 

Finally, the combined participation of governmental authorities and retail enterprises is 

necessary to make safe and maintain the quality Mexican food products available by 

consumers.  

Keywords 

Supermarkets, hygiene, meat, retail, cold chain. 

INTRODUCTION 

Foodborne diseases have become a public health problem worldwide and have been 

linked to poor food handling and sanitation practices among food handlers, and other 

factors (1). Abdullahi et al. (2) noted that animal products originate from many foodborne 

diseases. Consequently, hygiene practices and the health status of personnel handling 

these food products represent the most relevant factors in this problem (3). Animal foods, 

such as meat, represent an essential source of nutrients, but their composition provides 
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a suitable medium for the growth of many microorganisms. The prevalence of inadequate 

food handling practices among food handlers puts food safety at risk. In order to increase 

the sanitation levels of each practice, it is essential to improve the attitude and practice 

of food handlers (4). 

Then, handlers must know the necessary and positive attitude to perform their work, with 

the application of systematic supervision and the required infrastructure of sanitary 

facilities to improve food safety practices in meat retail outlets (4). All actors involved in 

every food supply chain stage have the primary task of ensuring food safety, especially 

processors and retail outlets, which become crucial safeguards to achieving this objective 

(5). An essential factor focuses on improving and enhancing food safety in managing 

meat products, following hygienic-sanitary regulations in conjunction with the cold chain 

(6). To this purpose, the implementation of prerequisite programs in food retail outlets 

ensures the operation of good hygienic practices associated with point-of-sale cleaning 

and disinfection and staff hygiene (7). However, a prerequisite is that these practices must 

be closely monitored, verified and validated to obtain results that meet the standard and 

are valid in the long term (8). 

For a retail meat center to offer safe and high-quality meat products, specific training 

programs are required at all levels, from management to staff working directly in the meat 

handling areas, as well as evaluation processes for all activities. Training in good food 

safety and hygiene practices should give staff the knowledge, attitude and skills 

necessary to carry out their work successfully (9). It is relevant to highlight that food 

hygiene after COVID-19 has become a cutting-edge issue (10), requiring effective 
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sanitation methods in conjunction with visual inspections and microbiological data to 

ensure that these are effective (11,12).  

For this reason, it is essential for all food handlers to receive responsible food hygiene 

practices training, as they often need more information and training on the subject (13), 

to ensure at all times, that persons of enterprises handling foodstuffs must correctly 

implement the hygiene regulations in force (14). Johns and Johns (15) mention two 

important variables to guarantee that staff meets personal hygiene requirements. The first 

relates to the work performed by the food staff, including protective clothing, and follows 

the prevailing quality of the working environment and equipment. Therefore, the objective 

of this research was to investigate through on-site inspection the compliance degree of 

parameters related to cleanliness, hygienic practices, and cold chain in the meat product 

areas of the major retail commercial chains operating in Mexico. 

MATERIALS AND METHODS  

Distinct aspects of cleanliness and hygiene practices were evaluated in the points of sale 

and self-service display of meat products in supermarkets of major chains in the State of 

Mexico, Mexico. The study was conducted weekly from January 2021 to December 2022; 

during this time, the evaluation was carried out by visual assessment of cleanliness, using 

a 5-level Likert scale where 1= very bad, 2= bad, 3= average, 4= good, and 5= very good. 

The parameters assessed included cleanliness around the service area, employee, 

handling room, equipment in the service area, service area, self-service area; and the 

temperature of meat products displayed on the shelves. Data were compared with that 

established by NOM-213-SSA1-2018 (16) to assign the score by Likert scale. 



46 
 

For statistical analysis, data were analyzed as categorical data with the chi-square 

statistical test, using a completely randomized experimental design. The clustering of 

percentages for hygiene levels was analyzed with confidence intervals with the formula: 

 (𝑃𝑜𝑟𝑐𝑒𝑛𝑡𝑎𝑗𝑒 ± √
𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 ∗ (100 − 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒)

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑟𝑒𝑐𝑜𝑟𝑑𝑠 𝑓𝑜𝑟 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒
) 

These were calculated for each category at a probability of p<0.05. 

RESULTS AND DISCUSSIONS  

For the analysis of the hygienic-sanitary parameters in this study, six categories involved 

in managing fresh meat products from four retail supermarkets were incorporated (Table 

1). From the results obtained, the self-service areas indicated that the performance of the 

open refrigerated meat shelves was poor (60.2%) since they did not show compliance 

with the temperature limit of 4 °C established by the NOM-213-SSA1-2018 (16), even 

though the cleanliness factor showed good management (>75%). However, it was 

required to increase the wearing of appropriate clothing in the working area (52%) and in 

appropriate conditions (>58%), as required by current regulations, for the development of 

their food management activities (16). In contrast, the remaining categories associated 

with equipment management, meat handling rooms, service areas, and their cleanliness, 

all had positive performance percentages. However, they still presented significant areas 

of improvement by the four retail supermarkets. In this connection, Bhandari et al. (17) 

argue that inadequate hygiene protocols in retail meat handling severely affect food 

safety. In addition, retail meat in developing countries is exposed to extensive handling 

by staff and a range of pathogen contacts. Therefore, these factors affect food safety, 

quality, and shelf life; coupled with economic losses, caused by foodborne illnesses that 
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pose a potential public health hazard that leads to morbidity and mortality, making it 

essential to establish a visible and permanent commitment to all links of the food chain 

(18). 

Table 1. General distribution (%) of ranks in the degree of cleanliness in different 

areas of the supermarkets evaluated (N=4) 

Tabla 7. General distribution (%) of ranks in the degree of cleanliness in different areas of the supermarkets evaluated (N=4) 

General Hygienic-sanitary parameters 

Category (pr > Chi Sq) 
1 2 3 4 5 

very bad bad moderate good Very good 

Service area cleanliness      

Cleanliness (Floor, surface)   1.23±4.95b 7.43±4.79b 90.35±1.55a 0.99±4.95b 

Products in cold chain 
0.25± 

4.99c 
1.73±4.93c 27.73±4.23b 67.57±2.83a 2.72± 4.90c 

Employee cleanliness      

If in uniform 0.74±4.95d 14.60±4.60c 32.67±4.08b 49.76±3.53a 2.23±4.92d 

Condition of uniform   1.24±4.95c 40.10±3.85b 58.66±3.20a   

Cleanliness     13.37±4.63b 86.63±1.82a   

Handling room      

If order of tools and materials 

exists 
  3.11±4.92c 18.18±4.42b 78.71±2.30a   

Number of meat pieces 

exposed at one time 
  5.20±4.85c 17.32±4.52b 77.48±2.36a   

Equipment       

Cleanliness   4.46±4.87b 95.54±1.05a  

Service area      

Cleanliness  0.50±4.99b 5.44±4.84b 94.06±1.21a  

Self-service area      

Cleanliness 0.50±4.99c 5.20±4.85c 14.10±4.61b 79.70±2.24a 0.50±4.99c 

Working of cold displays 7.93±4.77b 22.52±4.38a 29.70±4.17a 29.70±4.17a 10.15±4.72b 

Means in the same row with at least one literal in common are not different (P < 0.0001). 

 

Consequently, prerequisites for all activities related to hygiene and sanitation in meat 

retail centers must be closely monitored, verified and validated to obtain results that meet 

the standard and are valid in the long term (8). Furthermore, Santos et al. (19) confirm 
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that food handlers must maintain a high level of personal hygiene and intrinsically safety-

related behavior. Therefore, to achieve the competencies required by staff, they need 

knowledge and updates related to food safety, for which the educational level must be 

accompanied by instruments of proven validity and accuracy (20). 

Regarding the results of the individual analyses of the four retail supermarkets of fresh 

meat products on the hygienic-sanitary parameters, the four categories involved are 

detailed in Table 2. Firstly, in all four supermarkets, the parameters related to 

management aspects and related activities in the handling room, equipment conditions, 

and those prevailing in the service area recorded good management and condition status. 

On this issue, Nyamakwere et al. (21) argue that typified areas as the most susceptible 

to contamination and spread of pathogens are the handling room, which is characterized 

by intensive handling tasks. 

The main recommendations to retail outlets are to point out as fundamental activities 

those related to the prevailing hygiene in the handling room, as well as the cleanliness of 

equipment, floors, walls, and ceilings structured with appropriate materials, operability in 

the control of the cold chain and the strategic use of the necessary utensils to handle the 

products. In an Ethiopian study, 85% reports using appropriate clothing when handling 

produce, 91% washed their hands at least once before handling produce, 88% used soap 

when washing their hands, and only 14% received training (22). Nee and Sani (23) also 

indicate that a high level of personal cleanliness with clean and appropriate protective 

clothing and protective equipment for employees in food handling areas is critical to 

ensure food safety.  
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In terms of the results of this study (Table 2), supermarket S2 was the only one that 

recorded better cold chain management in the meat self-service areas. Nevertheless, 

most worrying results were recorded in S1 (89.11%), S3 (25.79%) and S4 (6.93%), in 

which poor cold chain management was observed in the racks containing meat to be pick-

up for sale. In addition, supermarket S3 recorded (21.79%) deficient hygiene where meat 

products were placed, mainly with fluids from the meat, which were a suitable medium for 

bacterial growth (24,25). 

Table 2. Specific distribution (%) of ranks of cleanliness and hygiene practices 
recorded in four meat areas of four Mexican retail outlets. 

Tabla 8. Specific distribution (%) of ranks of cleanliness and hygiene practices recorded in four meat areas of four Mexican retail outlets. 

Supermarket Handling room Equipment 
Service 

area 
Self-service area 

*Hygienic-

sanitary 

parameters  

 IO NM CL CL CL WCH  

S1           21.78±8.80b 1 

  1.98±9.85b    67.33±5.69a 2 

 7.92±9.55b 12.87±9.29b 0.99±9.9b 3.96±9.75b 1.98±9.85b 9.90±9.44c 3 

 92.08±2.80a 85.15±3.83a 99.01±0.99a 96.04±1.98a 98.02±1.40a  4 

            0.99±9.90c 5 

S2             1 

 2.97±9.80c 11.88±9.34b     2 

 27.72±8.46b 28.71±8.40b 4.95±9.70b 1.98±9.85b 0.99±9.90b 21.78±8.80b 3 

 69.31±5.51a 59.41±6.34a 95.05±2.21a 98.02±1.40a 99.01±0.99a 61.39±6.18a 4 

            16.83±9.07b 5 

S3         1.99±9.85c 8.91±9.50bc 1 

 6.93±9.60c 3.96±9.75c  1.98±9.85b 19.8b±8.91c 16.83±9.07b 2 

 35.64±7.98b 25.74±8.57b 10.99±9.43b 12.87±9.29b 42.57±7.54a 52.48±6.86a 3 

 57.43±6.49a 70.30±5.42a 89.11±3.28a 85.15±3.83a 33.66±8.10ab 4.95±9.70c 4 

          1.98±9.85c 16.83±9.07b 5 

S4           0.99±9.90c 1 

  2.97±9.80b   0.99±9.90c 5.94±9.65c 2 

 3.96 9.75b 1.98±9.85b 0.99±9.90b 2.97±9.80b 10.89±9.39b 34.65±8.04b 3 

 96.04±1.98a 95.05±2.21a 99.01±0.99a 97.03±1.71a 88.12±3.43a 52.48±6.67a 4 

            5.94±9.65c 5 

IO= if the order of tools and materials exists; NM= number of meat pieces exposed at one time; CL= cleanliness; 

WCH= working of cold displays. *Hygienic-sanitary parameters scores: 1= very bad; 2= bad; 3= moderate; 4= 

good; 5= very good. Different superscript letters in columns within supermarket indicated significant differences 

(p<0.05).  
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To guarantee the cold chain, it is essential to implement permanent improvements in 

temperature control devices in the refrigerated open displays of meat products (6). 

Enterprises in developing countries are obliged to sensitize their employees on the 

handling of refrigeration equipment to reduce the problems of microorganism growth in 

food (26). In addition, Lundén et al. (27) also indicate the need for close monitoring by 

food business operators and management of relevant factors closely related to food 

safety, such as cleanliness and temperature of refrigeration equipment. It is also 

appropriate to mention that most fresh foods are highly vulnerable, especially those of 

animal origin (28,29), which leads to microbial contamination and intoxication (30). Thus, 

promoting hygienic food handling practices and cold chain management are plausible 

and potentially compelling strategies to protect consumers from public health risks (31).   

The categories linked to the activities referred to service area cleanliness and those 

fulfilled by the staff are detailed in Table 3. Initially, it may be specified that in supermarket 

S2, the employees handling food were found not to wear an adequate uniform or to wear 

it incompletely during working hours (50.5%) and to use it with moderate cleanliness 

(>80%). Jianu and Goleţ (32) suggested that the lack of proper protective clothing and 

failure to use gloves and disinfectants are typified as poor hygienic practices in meat 

handling areas, leading to food contamination and the spread of disease. Moreover, 

regarding cleaning of the service area in this study, in supermarket S3, it was identified 

that meat products remained out of the cold chain in this area for prolonged periods while 

waiting to be packaged for retail sale (61.4%), with poor cleaning in the same room 

sporadically (17.8%). 
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In contrast, supermarkets S1, S2, and S4 showed good cleanliness levels in the service 

areas. There are intrinsic and extrinsic factors that affect microbial growth (33); one factor 

in the latter group is temperature, which alters the shelf life of foods, representing one of 

the main problems for industry (34). As the cold chain is a temperature-controlled supply 

necessary for food safety, the correct application of temperature monitoring and 

management is required to maintain a sustainable and uninterrupted cold chain (35). The 

disruption in meat products reduces shelf life, quality and safety, causing microbial growth 

that leads to spoilage, loss of sensory and nutritional qualities, and increasing food 

wastage or food poisoning if consumed (36,37).  

Another factor that influences the occurrence of temperature fluctuations is the storage 

arrangement of the foodstuff products, especially for those more susceptible to 

degradation (38). Therefore, for companies and governments, improving the quality 

supervision and management system of the cold chain logistics process is a significant 

concern (39). Consequently, when offering perishable products to consumers, it is 

imperative to apply temperature control and management by current regulations, thus 

ensuring the safety and quality of meat products for consumption to reduce legal conflicts 

(40). 
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Table 3. Specific distribution (%) of ranks of cleanliness and hygiene practices 
recorded in two meat areas of four Mexican retail outlets. 

Tabla 9. Specific distribution (%) of ranks of cleanliness and hygiene practices recorded in two meat areas of four Mexican retail outlets. 

 

Besides, the main food contamination risks are associated with food management 

practices on the body of the staff, which are transferred to the food during processes in 

the preparation of meat products (41). For example, the Canadian Food Inspection 

Agency (42) recommendation focuses on scheduled training of food handlers to update 

and reinforce key concepts. Specially, meat products are associated with risks caused by 

biological agents. Similarly, Gutema et al. (43) point out poor hygienic practices lead to 

contamination and cross-contamination. They also indicate that it is indispensable to train 

Supermarket 
Service area cleanliness Employee 

*Hygienic-
sanitary 

parameters  

CL CCH IU C CL  

S1           1 

  0.99c±9.9c 1.98±9.85c   2 

 5.94±9.65b 19.80b±8.91b 17.82±9.02b 18.81±8.97b 8.91±9.50b 3 

 94.06±2.43a 79.21±4.54a 74.26±5.05a 81.19±4.32a 91.09±2.97a 4 

   5.94±9.65bc   5 

S2     1.98±9.85b     1 

   48.51±7.14a 3.96±9.75b  2 

 5.94±9.65b 16.83±9.07b 42.57±7.54a 80.2±4.43a 17.82±9.02b 3 

 93.07±2.62a 81.19±4.32a 6.94±9.60b 15.84±9.13b 82.18±4.20a 4 

 0.99±9.90b 1.98±9.85b    5 

S3   0.99±9.90c       1 

 4.95±9.70b 5.94±9.65c 2.97±9.80c   2 

 12.87±9.29b 55.45±6.64a 40.59±7.67b 34.65±8.04b 14.85±9.18b 3 

 81.19±4.32a 34.65±8.04b 55.45±6.64a 65.35±5.86a 85.15±3.83a 4 

 0.99±9.90b 2.97±9.80c 0.99±9.90c   5 

S4     0.99±9.90c     1 

   4.95±9.70c 0.99±9.90c  2 

 4.95±9.70b 18.81±8.97b 29.70±8.34b 26.72±8.51b 11.88±9.34b 3 

 93.07±2.62a 75.25±4.95a 62.38±6.10a 72.29±5.24a 88.12±3.43a 4 

  1.98±4.02b 5.94±9.65b 1.98±9.85c     5 

CL= cleanliness; CCH= products in cold chain; IU= if in uniform; C= condition of uniform. *Hygienic-
sanitary parameters scores: 1= very bad; 2= bad; 3= moderate; 4= good; 5= very good. Different 
superscript letters in columns within supermarket indicated significant differences (p<0.05). 
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staff in food safety and significantly improve hygienic practices to remedy the problems. 

In particular, training must emphasize that the origin of this type of food represents an 

essential pathway for transmitting pathogens to ready-to-eat food (44). 

A preliminary study in Mexico (6) reported that among the hygienic-sanitary activities 

carried out in Mexican supermarkets in the management of ground meat, the cleanliness 

and condition of employee clothing, especially protective clothing, were reported as 

deficient activities that could be improved.  A study by Odetokun et al. (5) indicate a low 

level of hygienic practices related to the sale of meat in retail outlets in Nigeria. Therefore, 

they showed that these purchasing centers must implement operating actions directly. 

There are also reports that meat handling training courses are urgently needed in two 

districts of Jammu and Kashmir, India, to improve the viability and safety of consumer 

protection systems in these regions. Furthermore, Santos et al. (19) confirm that food 

handlers must maintain a high level of personal hygiene and intrinsically safety-related 

behavior. Therefore, to achieve the competencies required by staff, they need knowledge 

and updates related to food safety, for which the educational level must be accompanied 

by instruments of proven validity and accuracy (20). 

Food poisoning outbreaks include three fundamental factors linked to the knowledge 

level, attitude and practice of personnel involved in food management (45). Bello and 

Bello (46) suggested that the unsafety of meat could be linked to pathogenic bacteria 

implicated in different activities during food processing and sale. These operations are 

associated with poor hygiene of retail and processing staff, contaminated equipment in 

food handling, poor workplace hygiene, and contaminated materials in packaging. 

Problems associated with inadequate hygienic procedures can lead to reduced shelf life 
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of food products and increased risks of illness due to the presence of pathogens (47). 

Oluwafemi et al. (9) confirmed that the involvement of government and private agents in 

the meat product production chain is indispensable for achieving quality at the point of 

sale. Their role is addressed in compliance with current regulations to ensure safe and 

quality meat for consumers. To this end, promoting hygienic practices in their employees 

is essential to implement and operate them in retail meat sales centers. 

Consequently, the food safety of consumer products is essential at the retail point of sale 

(48). Studies highlight unfavorable scenarios in the hygiene conditions of food trade, 

particularly in developing countries, which are concerning and dangerous for consumers. 

They also expressed the multiple challenges for meat supply, as there is a discrepancy 

between the official standards of each country and what is relevant in each place where 

meat is produced, processed, and traded (49). Definitively, routine activities that are 

closely monitored, verified, and validated to achieve results that meet each country's 

regulations and are valid in the long term must be incorporated (8). Nowadays, retailers 

must be responsible for providing safe food to consumers (50), not least because 

foodborne disease outbreaks in developing countries have a hard impact on health and 

socio-economic development (51). Then, for this goal, a significant increase in investment 

is needed (52). Therefore, food processors and retailers must ensure food safety due to 

the increased demands of developing country markets. This is achieved through hygienic 

strategies applied during process management, using safety management systems for 

each type of food (53). For example, Okpala et al. (54) identified that consumers have 

recently increased their demands and expectations for safe animal products due to 

population growth and urbanization in developing countries. Nevertheless, the demand 



55 
 

for safe food remains an issue of concern in developed countries. However, this demand 

is even more critical in developing countries, as production and processing conditions 

often lack the necessary hygienic requirements for a baseline (55). 

CONCLUSIONS 

The results firstly show that the series of operations carried out in the self-service areas, 

as well as in the service area of the meat products, fluctuate in temperature, which implies 

that they do not comply with the current Mexican regulations, that indicate keeping the 

meat products ≤4 °C, and at the same time, it is essential to improve the cleanliness in 

both areas mentioned significantly. Another relevant factor recorded relates to the 

employees, who require clear and precise instructions on using the work uniform and an 

appropriate design for the functions to be carried out in the handling of meat products. 

On this point in this study, some supermarkets also fail to comply with the same 

regulation. Therefore, it suggested to design staff training courses on good hygiene and 

manufacturing practices. At the same time, it is necessary to implement strategies for 

monitoring, recording, and maintaining the equipment responsible for refrigerating ready-

to-sell meat products to avoid significant temperature fluctuations that impact the quality 

and safety of meat foodstuffs. Finally, the active participation of government authorities 

and companies in all these processes is also indispensable for ensuring the safety and 

quality of meat products in Mexican supermarkets. 
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Abstract 

Foodborne illnesses cause millions of deaths worldwide. Mexican law establishes criteria that the food industry 

must apply to minimize outbreaks of disease caused by several pathogens. This study analyzed beet from 

different establishments to verify compliance with these regulations. Beef cuts were bought from randomly 

selected places of refrigerators from three supermarkets in Mexico. Aerobic mesophilic, total coliforms, 

Escherichia coli, and Salmonella loads were analyzed twice at 0, 3, 6, 9, and 12 d after 27 meat samples were 

bought. The three supermarkets evaluated showed at least one meat sample in which Salmonella spp. was 

detected. On the other hand, aerobic mesophilic bacterial load showed ranges of 4.90 to 6.55 Log10 CFU 

(colony-forming units). Furthermore, the total coliform count was detected between 1.60 and 3.25 Log10 of 

CFU/g of meat. Some samples were free of E. coli. However, most showed bacterial loads ranging from 28.9 

to 94.7 CFU/g of meat. The results show that the samples analyzed comply with the guidelines of current 

Mexican regulations. However, further analysis is necessary to determine the serotypes present. All the 

microorganisms evaluated in the study were analyzed at different points during shelf-life post-purchase; as 

expected, the bacterial load increased during the following days. In compliance with Mexican regulations, 

evaluated supermarkets must improve their management practices to minimize the proliferation of 

microorganisms that can endanger consumers' health. Implementing strict monitoring tools is required to verify 

compliance with current regulations. 
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Introduction 

Determining the presence of microorganisms in foods is one objective that highlights food safety and security 

to safeguard global health, mainly when pathogens that endanger human welfare are detected [1]. Highly 

perishable foods require careful management to ensure quality and safety throughout the supply chain. Meat 

products that require skin removal, such as bovine, have a high risk of contamination with pathogenic and 

spoilage-associated microorganisms [2,3]. The meat is an essential source of nutrients not only for humans but 

also for a wide variety of microorganisms that can adapt perfectly due to the amount of water present in the 

meat and its physicochemical characteristics [4,5]. In addition to protein, complex B vitamins, minerals and 

amino acids can be found [6]. 

Food safety is affected by the transmission of microorganisms considered relevant disease-causing pathogens 

due to the presence of vegetative pathogens or their toxins in food consumed by animals and subsequently 

consumed by humans [7]. Inadequate handling and sanitation practices occur during the supply chain of meat 

products, resulting in bacterial growth [8], leading to food safety disruption [9]. Furthermore, it is important to 

mailto:emamaldonado@correo.chapingo.mx
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consider that these products experience changes such as oxidation, which modify their pigmentation, flavor, 

texture and, therefore, reduce consumer acceptance [10]. The main routes of exposure for consumers to zoonotic 

bacteria are the consumption of meat, dairy products, and eggs, foods in which Salmonella spp. can be found, 

which is considered one of the primary zoonotic pathogens due to its toxins generated [7]. Consequently, 

numerous cases of foodborne illness are reported annually. Escherichia coli O157:H7, Listeria monocytogenes, 

and Salmonella spp. have been detected in fresh meat or ready-to-eat foods in the United States for over a 

decade [11]. 

The Centers for Disease Control and Prevention (CDC) [12] reported that outbreaks resolved during 2021 

caused 2,047 illnesses. In the United States, approximately 128,000 people are annually hospitalized due to 

foodborne illness [13]. In the European Union, 5,763 outbreaks were reported during 2022 [14], while in 

Mexico, there were more than 23,000 cases of food poisoning caused by bacteria [15,16]. Although foodborne 

infections are familiar worldwide, regional incidences are variable [17]. 

With the variety of microorganisms that can contaminate food and the magnitude of annual disease outbreaks, 

food companies continue to face the challenge of delivering food free of pathogenic microorganisms. The meat 

industry mainly focuses on preventing contamination with Shiga toxin-producing Escherichia coli (STEC) and 

Salmonella [18]. This approach is due to the high number of reports of foodborne illnesses caused by these 

bacteria [12]. However, other problem microorganisms such as Bacillus cereus, Brucella spp., Campylobacter 

spp., Clostridium botulinum, C. perfringens, and STEC non-O157 are also considered [19]. Consequently, to 

minimize the risk of contamination of meat with pathogenic bacteria and food spoilage, it is required that the 

practices performed in slaughtering and meat processing are carried out with strict hygiene [5].  

In Mexico, specific standards, NOM-194-SSA1-2004 and NOM-213-SSA1-2018, guarantee the quality and 

safety of meat products. Various establishments for food handling must adhere to these regulations [20,21]. 

Regarding food retail establishments, risk factors associated with foodborne illness are related to cooking and 

holding temperature, cross-contamination, hygiene practices, and suppliers [22]. Therefore, food management 

in the processing sector of food products, including those of animal origin, is indispensable to reduce 

contamination risks and avoid the spread of pathogens [23]. In addition, along with good hygiene practices and 

the handling of meat products, maintaining refrigeration temperatures under 4 °C is a primary tool in the food 

industry to maximize the shelf life of highly perishable foods. Good management practices ensure a supply 

chain for over 90 days [24]. 

The incidence of foodborne illness reveals a significant food safety problem in Mexico [15,16]. The objective 

of this study was to analyze beef sold by the leading commercial chains in the northwest region of the State of 

Mexico to detect whether the guidelines stipulated by current regulations on microbiological issues are met by 

the counting of colony-forming units (CFU) of aerobic mesophiles, E. coli, coliforms, and detection of 

Salmonella.  

 

Materials and methods  

Inclusion and exclusion criteria and sampling methods 

Beef cuts marketed as brochette (Figure 7) were bought in three supermarkets' self-service refrigerators (open 

refrigerators) in the northeastern area of the State of Mexico, Mexico. On nine occasions among three months, 

samples of 320 g were randomly picked from the front, middle, and rear sections of each supermarket's 

refrigerator. Each sample was conserved at a controlled temperature (≤4 °C) for 12 d during the analysis 

procedures (once each sample was analyzed in its totality, the next was acquired and processed similarly). At 

the end, 27 samples were bought and analyzed.  
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Figure 7. Beef brochette. 
Figure 1. Beef brochette. 

Sample analysis 

To avoid external contamination, all samples were processed in a laminar flow cabinet with a Bunsen burner. 

The aseptic environment was checked by pouring Plate Count Agar (BD Bioxon), letting it solidify with the 

Petri dishes open, and turning the laminar flow cabinet and burner on. Subsequently, the dishes were monitored 

to verify growth (no cultures were detected). 

Samples were analyzed by duplicate at 0 (day of purchase), 3, 6, 9, and 12 d; 25 g of the meat sample was 

subsampled in a sterile container with 250 mL of peptone water at 0.1% (w/v) to be homogenized. From the 

homogenized suspension, 10 mL were disposed of in a sterile test tube for serial dilutions in peptone water at 

0.1%. Aliquots of 1 mL were taken and spread homogeneously with a sterile Drigalski scraper in Petri dishes 

with Agar culture medium for standard methods (BD Bioxon) and incubated at 35 °C for 48 h. Plantings were 

done by duplicate. CFU counts were performed with a Quebec-type colony counter; calculations were made to 

obtain the CFU/g of aerobic mesophiles in meat. 

To determine Salmonella, E. coli, and coliforms, 3MTM Petrifilm® plates were used; the processing and reading 

of results were done according to the manufacturer's specifications. 

 

Environmental temperature conditions 

Daily data on minimal and maximum temperatures (TMIN and TMAX) were retrieved from Weather Spark's 

website (2024). Temperatures were registered, and the daily differential was calculated (DifT=Ti-T0). 

 

Statistical analysis 

Analysis was done using the Statistical Analysis System software [26]. 

Normality tests 
The probability distributions of the variables were tested using Chi-square tests (Proc Univariate) to ensure that 

all continuous and binomial variables were approximated to a normalized distribution (when N≥230 

observations). 

Variance analysis (ANOVA) 
Models 1 and 2 considered the effects of time, market, and position from meat sampled and the differential of 

TMIN and TMAX as autoregressive parametric covariables. Analysis was performed using general linear 

models and mixed procedures (Proc GLM and Mixed). Adjusted means (LsMeans instruction) were compared 

using the Last Minimal Difference (LSD=0.05) calculated from Standard Errors (SE). 

Model (1) 

Yijkl = µ + T(Rep)ij + Mk + Pl + (M ∗ P)kl + εijkl 
Model (2) 

Yij =  µ + Ti + Cov(βi − β0)  + εijkl 
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Where: Y=Log10 (CFU of mesophiles, E. coli, Coliforms); Ti= effect of i-th sampling time; T(Rep)ij= effect of 

i-th time into j-th run; Mk= effect of k-th market; Pl=effect of l-th refrigerator position; (M*P)kl= interaction 

among M and P factors; Cov= DifTmin and DifTmax; εijkl= random error. 

 

Orthogonal polynomial analysis 
Linear, quadratic, and cubic trends of microorganisms across time (d) (Proc Nlin) was done. 

Correlations. Pearson's correlations (Proc Corr) were tested to relate the microorganism's growth with 

environmental variables. 

Multiple linear regression models were obtained using the Stepwise method (Proc Reg), including variables 

with P<0.15 (Forward).  

Validity of models. All models were discriminated through Mallow (Mallow’s CP) and Akaike criteria (AIC), 

and determination coefficient (R2) and adjusted (adj-R2). 

 

Results and discussion 

 

Microorganisms across markets and refrigerators’ positions  

Table 10 shows the total microorganisms in meat sampled in different refrigerator positions of markets. 

Statistical analyses revealed bacterial loads ranged for 4.90 to 6.55, 4.97 to 5.54, and 5.40 to 5.62 Log10 CFU 

of aerobic mesophiles/g of meat from supermarkets 1, 2, and 3, respectively (¡Error! No se encuentra el origen 

de la referencia.). Although there were differences among the refrigerator positions where meat was placed 

across the markets (P<0.05), NOM-213-SSA1-2018 in Mexico does not contemplate mesophile load in raw 

products; this parameter is only evaluated for cooked meat products [20]. On the other hand, the European 

Union established a maximum limit of 5 log CFU/cm2 in daily mean for minced meat or 3.7 Log10 for meat 

preparations. Thus, it is assumed that meat products with higher bacterial loads had deficient hygienic measures 

in slaughtering and subsequent processes [27]. Therefore, it is possible to mention that the meat evaluated in 

this study does not comply with this parameter. 

 

 

Regarding microorganisms of greater sanitary relevance, such as pathogenic bacteria, Table 10 shows at least 

one meat sample in all supermarkets with Salmonella spp. placed at the bottom, medium, or front section of 

refrigerators was found (¡Error! No se encuentra el origen de la referencia.). This study's methodology to 

detect these bacteria is limited to the genus and does not differentiate the species or serotypes. However, only 

Figure 8. Aerobic mesophiles counting. 

Figure 2. Aerobic mesophiles counting. 
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two species are considered to exist to date: S. bongori and S. enterica. Many serotypes have been identified; 

those of greater importance for their risk of animal to human transmission and cause infections are S. enterica 

serotype Enteriditis and S. enterica serotype Typhimurium, without mentioning those of lower risk for 

presenting less severe clinical symptoms [28,29]. Therefore, it is impossible to affirm that the analyzed meat 

contains bacteria in this study that can produce disease outbreaks. However, there is a high risk, and it does not 

comply with national regulations. Nonetheless, the isolates must be serotyped. 

 
Figura 9. Petrfilms for Salmonella spp. 

Figure 3. Petrifilms for Salmonella spp. 
 

 

Safety and hygiene measures during food processing and distribution should be improved to reduce the 

contamination that has so far been confirmed. Heredia et al. [30] performed similar research in Mexico; they 

detected Salmonella spp. in 76% of the samples and determined that the microbiological quality of the ground 

meat analyzed was poor, which led to food poisoning. In another study conducted in Jalisco, Mexico, on the 

microbiological quality of ground meat in retail centers, they reported that Salmonella was present in 56.7% of 

the samples. They suggest that the contamination points may have been during the production and grinding 

process, along with poor hygiene, inappropriate temperature management, and cross-contamination during the 

mincing process [31]. 

 

Additionally, although some specific positions in the refrigerators were free from E. coli, most samples showed 

mean values from 28.9 to 94.7 CFU/g of meat (Figure 10). Petrifilms plates for the detection and quantification 

of E. coli and total coliforms have similar limitations as those for Salmonella mentioned above; it does not 

detect specific serotypes, such as O157:H7. These results show that all analyzed samples meet the permissible 

limits for E. coli of different standards [20,27]. However, it is only at the species level that supermarkets must 

maintain strict control of hygiene and cold chain to avoid the emergence of any E. coli risk to health by meat 

handling failures since open refrigerators often present problems in maintaining the proper temperature [32]. 

 

Supermarkets are reported to be one of the places where Mexican consumers buy ground beef. As a result, in a 

study conducted in Monterrey, Mexico, on the microbiological contamination level of this meat type, it was 

reported that 40% of the samples contained 106 total coliforms per g, which implies an unsatisfactory level of 

hygiene, representing a health risk. Subsequently, E. coli were reported in most of the samples [30]. These 

coliform concentrations differ widely from those found in the present study, so it is essential to determine why 

they vary greatly. A study conducted in Mexico (Culiacan, Sinaloa) showed positive results for E. Coli in meat 

but negative for the serotype O157:H7; additionally, the higher incidence was in summer. Consequently, it is 

recommended that good manufacturing practices be implemented, together with a rigorous sanitary control 

program [33]. Other studies also report positive results of E. coli O157:H7 in meat, with a higher incidence in 
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spring and summer due to the prevalence of higher temperatures in these seasons, leading to microbial growth 

[22,34]. 

 

Microbiological quality assessment of different foods or beverages is often done by determining fecal indicator 

bacteria, including members of the Enterobacteriaceae family, mainly E. coli/coliforms (Figure 10), which can 

be an indicator of the level of hygiene in the different processes of the meat supply chain [35,36]. Consequently, 

coliform concentrations in this study ranging from 1.60 to 3.25 Log10/g of meat can be observed in Table 10. 

The Mexican regulation does not establish a maximum limit for coliforms present in meat [20]. Nevertheless, 

some values found slightly exceed the 3 Log10 (1000 CFU/g of meat) limit established by USA standards 

[37,38]. Although coliform levels do not far exceed those standards, Mexico should consider including this 

parameter in its regulations to have greater hygiene control. 

 

 

 

 

Table 1. Means of aerobic mesophiles, E. coli, coliforms, and Salmonella in meat sampled in different 

markets. 
Table 10. Means of aerobic mesophiles, E. coli, coliforms, and Salmonella in meat sampled in different markets. 

Market Position Aerobic 

mesophiles** 

E. Coli2 Salmonella* Coliforms** 

1 Front 6.55a 94.7a 1.01b 3.25a 

  Middle 5.58b 63.9a 1.01b 2.57bc 

  Rear 4.90c 0c 1.39a 2.38c 

2 Front 5.17bc 37.0bc 1.39a 2.14c 

  Middle 4.97c 0c 1.39a 1.60d 

  Rear 5.54b 28.9bc 1.01b 2.20c 

3 Front 5.56b 47.8b 1.01b 2.96a 

  Middle 5.62b 49.7b 1.01b 2.71b 

  Rear 5.40b 0c 1.39a 3.04ab 

  P-value 

Market  0.08 0.13 0.02 <0.0001 

Position  0.05 0.005 0.02 0.0005 

Figure 10. Red colony with gas = coliform, blue colony with gas = E. coli. 
Figure 4. Red colony with gas = coliform, blue colony with gas = E. coli. 
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M*P   0.0009 0.05 <0.0001 0.006 

SE.  0.35 27.1 0.09 0.21 

LSD 0.05=   0.57 44.4 0.15 0.34 

*Values >1 are interpreted as at least one sample with Salmonella; M, market; P, position (place on the 

refrigerator); S.E., standard error; LSD, last significant difference. **Log10CFU/g of meat. 2CFU/g of meat 

 

Microorganisms across time   

Ranges from 2.97 to 7.05 Log10 CFU, 10.1 to 81.4 CFU, and 2.11 to 2.9 Log10 CFU were observed for 

mesophiles, E. coli, and coliforms, respectively (Table 11. Means of aerobic mesophiles, E. coli, coliforms, 

and Salmonella in meat across the time after being on the marketTable 12). All those variables varied across 

days after the meat was bought (P<0.002). Analysis on sixth d post-purchase revealed a reduction in microbial 

load, showing it is possible to attribute a higher count of microorganisms on purchase day to the fact that open 

refrigerators often have disruptions to the cold chain [39,40], microbial load reduction once the analysis has 

started could be explained by the efficiency of keeping the samples at the right temperature in the laboratory, 

demonstrating that the cold chain is the primary tool to limit bacterial growth [41]. 

The DifT minimum and maximum affected the mesophiles and E. coli (P<0.05). However, maximum 

temperature variations affected almost all variables (P<0.05). Aerobic mesophiles, E. coli, and Coliforms 

showed linear trends (P<0.03); moreover, they also had quadratic tendencies with an inflection point on third d 

(P<0.05), and E. coli that showed quadratic and cubic effects had inflection points 3 and 6 d after brought meat 

from markets (P<0.01). 

 

Table 11. Means of aerobic mesophiles, E. coli, coliforms, and Salmonella in meat across the time after 

being on the marketTable 12. Means of aerobic mesophiles, E. coli, coliforms, and Salmonella in meat across the time after being on the market 

Time (d) Aerobic 

mesophiles**  

E. coli 2 Salmonella* Coliforms** 

0 2.97d 48.0b 1.15 2.11c 

3 5.65bc 81.4a 1.15 2.71b 

6 5.24c 46.7b 1.15 2.72b 

9 6.07b 4.50c 1.15 2.90a 

12 7.05a 10.1c 1.15 2.72b 

  P-value  

D1 <0.0001 0.001 0.9 0.001 

Diff Tmin <0.0001 0.05 0.9 0.85 

Diff Tmax 0.0003 0.003 0.63 0.05 

Trend Effects      

Linear <0.0001 0.05 0.99 0.03 

Quadratic 0.003 0.01 0.98 0.05 

Cubic 0.99 0.001 0.99 0.63 

SE 0.27 19.1 0.07 0.17 

LSD 0.05= 0.44 31.5 0.12 0.28 
1trends of microorganisms across time; *Values >1 are interpreted as at least one sample with Salmonella; S.E., 

standard error; LSD, last significant difference. **Log10CFU/g of meat. 2CFU/g of meat. 

Correlation and regression models 

Table 13 shows the simple correlations. Aerobic mesophiles correlated with the total counting of 

microorganisms, E. coli, and Coliforms (r=0.4, 0.17, 0.27, respectively; P<0.009). Those variables also 

correlated with increasing environmental Tmin and Tmax across the time of storage and sampling (r=0.15 to 

0.39; P<0.02). 

Although Salmonella incidence negatively correlated with Coliforms (r=-0.17 and -0.26; P<0.008), it was not 

related to increasing minimum or maximum environmental temperatures across the time of storage and 
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sampling. Similarly, Rangel-Vargas et al. [42] found no correlation between coliforms and Salmonella, neither 

between E. coli and Salmonella in alfalfa sprout samples, given that Salmonella was isolated in samples that 

were determined negative for E. coli in the same way as in bean samples [43]. 

Table 3. Pearson’s simple correlations among microorganisms and environmental analyzed variables. 
Table 13. Pearson’s simple correlations among microorganisms and environmental analyzed variables. 

 E. coli Salmonella Coliforms Storage (1st d) Storage (2nd d) Sampling (3th d)  

     Tmin Tmax Tmin2 Tmax2 Tmin3 Tmax3 

Mesophiles -0.03 0.25 0.27 0.31 0.39 0.23 0.39 0.33 0.33 

P-value NS NS 0.009 <0.0001 <0.0001 <0.0001 0.0003 <0.0001 <0.0001 

          

E. coli  -0.15 0.23 0.17 0.15 0.03 0.23 0.19 0.21 

P-value  0.02 0.0004 0.01 0.02 NS 0.0004 0.003 0.001 

          

Salmonella   -0.26 -0.04 0.11 0.14 0.06 -0.14 0.08 

P-value   <0.0001 NS NS NS NS 0.04 NS 

          

Coliforms    0 0.24 0.31 0.22 0.07 0.24 

P-value       NS 0.0002 <0.0001 0.0009 NS 0.0002 

TMIN, temperature minimum; TMAX, temperature maximum 

 

Perspectives and suggestions 

Many pathogenic bacteria exist in food-producing animals [7]. Beef is easily contaminated along the production 

chain. Although contamination is variable among countries, proper cold storage might reduce the presence of 

pathogenic bacteria [44]. E. coli and Salmonella, among others, are the primary agents causing illnesses and 

deaths from food of animal origin. Their zoonotic occurrence affects the public health and economic sectors 

[7].  

Infestations can vary widely for different reasons, mainly due to the level of hygiene during the supply chain. 

Saad et al. [45] recorded a Salmonella infestation rate of 8% in beef luncheons; in contrast, high infestation 

rates were reported by Elbayoumi et al. [46] at 27.5% and Hassanien et al. [47] at 26.67% in kofta samples.  

According to Bugarel et al. [48], Salmonella is one of the leading agents recognized as causing diseases that 

significantly affect consumers. Transmission of salmonellosis can occur when feed and water are contaminated 

with Salmonella in feces [49], as well as poor hygienic conditions, storage temperature, equipment, and personal 

hygiene [50]. Additionally, the lack of control of critical points in the quality management of meat products 

leads to changes in organoleptic characteristics and a significant decrease in product quality [51], primarily due 

to the proliferation of pathogenic microorganisms leading to the outbreak of diseases [52]. There are worrying 

findings about the risks to consumers concerning the quality and safety of beef sold in retail involved in the 

production and distribution processes. In order to maintain the quality and safety of meat products, it is essential 

to manage the continuous training of food handling staff [53]. 

Factors that impact food safety and contribute to the emergence of foodborne illnesses include low compliance 

with good personal and equipment hygiene practices, interruption of the cold chain, and inadequate cooking. 

These factors are most prevalent in the later stages of the food chain, such as retail, which are particularly 

critical to ensuring food safety for the consumer [54]. Although some Mexican regulatory laws about counting 

and presence of microorganisms in the analyzed samples were not exceeded, some reported values may not be 

allowed in other countries, showing that it is essential to implement cold chain safety measures during handling 

and distribution, as well as to structure handling and packaging programs at the point of sale [55]. 

 

Conclusions 

 

1.    Regardless of the refrigerators' sampling places, all markets sampled in a region of 
Northeastern State of Mexico showed the counting and presence of E. coli, Salmonella, and 
Coliforms in bovine beef that might not be allowed in other Countries.  
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2. Across days, all variables showed linear effects, but E. coli and coliforms showed quadratic 
trends, with an inflection point 3 d after the meat was bought. 

3. Aerobic mesophiles and E. coli were affected by environmental maximum temperature 
variations (differentials), mostly suggesting a poor of cold chain management. 

4. Salmonella negatively correlated with aerobic mesophiles and coliforms. However, it was not 
related to increasing environmental minimum and maximum temperatures, suggesting good 
hygienic practices, disrupting the food cold chain, or contaminated equipment. 
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7. DISCUSIÓN GENERAL 

La industria alimentaria constantemente ha buscado alternativas para maximizar 

la vida de anaquel de alimentos perecederos, al mismo tiempo que cumpla con 

las expectativas de calidad de los consumidores y sean seguros para el consumo. 

La revisión de literatura en este estudio indicó que en todos los eslabones de la 

cadena de frío se han presentado incrementos de temperatura por arriba del 

límite establecido. Por ello, a pesar de que la cadena de frío es la principal 

herramienta de este mercado, alternativas como cubiertas de acetato de polivinilo 

en limones, indican que es posible reducir la tasa de respiración y producción de 

etileno en limones sin presentar riesgos a la salud para el consumidor (Chinchkar 

et al., 2025). 

En el mismo sentido, los productos cárnicos tienen mayor susceptibilidad a 

microorganismos patógenos, además de aquellos que promueven el deterioro. 

Entonces, un estudio recientemente demostró que la aplicación de emulsiones 

con extractos del alga Furcellaria lumbricalis, quitosano, aceites esenciales y 

péptidos bioactivos logró maximizar la vida útil de carne de cerdo más de 5 días 

al reducir el crecimiento de diversos microorganismos, siempre y cuando se 

mantengan en refrigeración de máximo 4 °C (Kulawik et al., 2025). Estas 

determinaciones se acoplan con los objetivos de diversas investigaciones 

recabadas en el presente estudio, la inocuidad alimentaria participa directa e 

indirectamente en la reducción de enfermedades, desperdicio de alimentos, 

economía e inclusive en la producción de gases de efecto invernadero. 

Considerando entonces la importancia de la refrigeración de alimentos 

perecederos, se confirmó que al igual que sucede en diversos países y eslabones 

de la cadena de frío  (Arriaga-Lorenzo et al., 2023), la venta de cárnicos al 

menudeo en la zona muestreada presenta serios problemas de gestión de la 

temperatura, destacando que las rupturas de la cadena de frío pueden ser 

influenciadas por la época del año, el centro de distribución y la posición en la 

que se encuentre el producto dentro del refrigerador. Estos fenómenos fueron 
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similares a los encontrados por Baldera et al. (2016), quienes detectaron las 

rupturas durante el verano y en la posición superior del refrigerador, mientras que 

en el presente estudio fue el invierno y la posición frontal. 

El aumento de la temperatura de la carne representa un importante riesgo a la 

salud humana, durante esta investigación se observaron temperaturas de más 

de 2 °C por arriba de lo que estable la normatividad mexicana (DOF, 2019), la 

sensibilidad de los posibles microorganismos presentes en los cárnicos les 

permite reproducirse y reducir la vida de anaquel con cada grado centígrado que 

aumenta; el riesgo a la salud del consumidor es latente al asumir la presencia de 

patógenos, por lo que el monitoreo y estricto control de la cadena de frío debe 

realizarse en todos los eslabones (Almonacid-Merino & Torres, 1993; Raab et al., 

2011). 

Analizando de forma visual las diferentes áreas de los centros de distribución 

considerados en esta investigación, fue evidente la deficiente gestión de la 

temperatura, pero para la limpieza en su mayoría si se encontró en buenas 

condiciones. No obstante, la inocuidad y calidad de los alimentos no depende de 

sólo un factor, es necesario poner atención en los puntos débiles encontrados, 

como lo es aumentar el uso de ropa en condiciones adecuadas. Trabajar bajo 

condiciones inadecuadas vulnera considerablemente la inocuidad de los 

alimentos (Umoh & Mosimabale, 2002). El personal que manipula alimentos 

requiere ser consciente de la importancia de realizar sus labores con la mayor 

higiene posible (Santos et al., 2017), en especial en las áreas de manipulación 

directa como las salas de despacho, donde existe mayor riesgo de contaminación 

de los alimentos (Nyamakwere et al., 2017), en las cuales se detectaron malas 

prácticas en algunos de los sitios muestreados. 

La contaminación de los cárnicos además de las salas de despacho puede ocurrir 

en diferentes eslabones de la cadena, y la diversidad de microorganismos que 

pueden colonizar es amplia. Aquellos de interés zoonótico se esparcen 

principalmente por la leche, carne, huevo, etc., e incluyen a Salmonella spp., E. 

coli O157:H7, Listeria monocytogenes, y se detectan brotes con mayor frecuencia 
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(Abebe et al., 2020; Sofos, 2008). Sin embargo, existe el riesgo de contaminación 

con Bacillus cereus, Brucella spp., Clostridium botulinum, C. perfringens y otros 

(Scallan et al., 2011). 

Muestras de carne de res que fueron analizadas en este estudio, revelaron 

cargas bacterianas de 4.90 a 6.55 Log10 CFU de mesófilos aerobios, y aunque la 

normatividad mexicana (DOF, 2019) no determina un límite máximo para estos 

microorganismos, en la Unión Europea si se considera como un aspecto para 

determinar en nivel de higiene de la carne (Official Journal of the European Union, 

2005), por lo que en México existe la posibilidad que se estén comercializando 

productos con mayor riesgo a la salud que en otros países. 

Microorganismos que sí se consideran en la normatividad mexicana y que se 

evaluaron en este estudio son E. coli y Salmonella; esta última fue encontrada en 

todos los supermercados evaluados, pero no en todas las muestras. Un aspecto 

importante para mencionar es que no se detectó a nivel de especie. No obstante, 

la normatividad no especifica presencia de especies, además de que muy pocas 

especies de este género se han descrito, por lo que el riesgo está presente (Wang 

et al., 2024). México requiere mejorar sus prácticas de manejo, debido a que en 

distintos puntos se han realizado detecciones de esta bacteria en alimentos, 

presentado un riesgo a la salud de la población (Cabrera-Diaz et al., 2013; 

Heredia et al., 2001). 

Por otro lado, México establece un límite máximo para el coliforme E. coli, mismo 

que todas las muestras analizadas no rebasaron. Sin embargo, también se 

dictamina que no debe haber presencia de E. coli O157:H7; la metodología 

utilizada en este estudio no permitió identificar hasta el nivel serotipo, por lo que 

estudios posteriores se requieren para aclarar esa interrogante. Variaciones en 

la concentración de E. coli en carne han sido encontradas en México, aunque en 

otro estudio no se detectó la presencia del serotipo O157:H7, pero sí detectaron 

la relación de mayor carga bacteriana con el aumento de la temperatura, lo que 

sugiere la necesidad de mejorar los sistemas de refrigeración o monitoreo 

(Jiménez et al., 2012). 
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8. APÉNDICE 
 

A continuación, se presentan los resultados obtenidos de las actividades de 

retribución social realizadas durante el doctorado. 
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CONTENIDO 

1. Ámbito de aplicación 
2. Introducción 
3. Objetivos 
4. Definiciones 
5. Peligros de los alimentos 

a. Peligros biológicos 
b. Peligros químicos 
c. Peligros físicos 

6. Fuentes de contaminación y enfermedades transmitidas por alimentos 
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b. Hábitos indeseables 
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b. Limpieza de equipo y utensilios 
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1. ÁMBITO DE APLICACIÓN 
o Este documento proporciona conocimientos al personal que participa en 

la producción de alimentos y al público en general.  
o La información del manual apoya en la producción de alimentos para que 

no causen daño al consumidor.  
o Las prácticas y controles de higiene son necesarias durante todas las 

etapas de producción de los alimentos. 
 

2. INTRODUCCIÓN 
Este manual contiene la información necesaria que requieren las personas 

dedicadas a la producción de alimentos en general. Es indispensable que este 

grupo ponga en práctica las acciones propuestas en este folleto para garantizar 

que los alimentos en venta sean seguros para los consumidores.  

Uno de los principales problemas de salud pública son las enfermedades 

transmitidas por alimentos. Para evitar la contaminación de alimentos deben 

aplicarse medidas sencillas de forma higiénica por parte de los empleados. En 

este manual se proporciona el conocimiento necesario que se deben aplicar 

durante la preparación de alimentos. Para ello, se discute información base en la 

inocuidad de los alimentos, con conceptos generales y prácticos.  

3. OBJETIVO  

Este manual está diseñado para personal que maneja alimentos y tiene como 
objetivo proporcionar herramientas necesarias y con principios básicos de las 
buenas prácticas de higiene. 
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4. DEFINICIONES 

 Autoridad competente: Organismo oficial del gobierno que aplica leyes de 
inocuidad en los alimentos, y organiza controles oficiales. 

 Contaminante: Cualquier agente biológico, químico o físico, materia extraña 
u otras sustancias no añadidas intencionalmente a los alimentos que puedan 
afectar la inocuidad de los alimentos. 

 Contaminación: Introducción o presencia de un contaminante en un alimento 
o en el entorno alimentario 

 Inocuidad: Garantía de que los alimentos no causarán efectos dañinos a la 
salud del consumidor. 

 Desinfección: Reducción de la cantidad de microorganismos vivos en las 
superficies, agua o aire a niveles que no afecten la inocuidad de un alimento. 

 Limpieza: Eliminación de tierra, residuos de alimentos, suciedad, grasa u 
otros materiales que deben ser retirados antes de realizar la desinfección. 

 Contaminación cruzada: Transferencia de contaminantes de un alimento 
contaminado, a otro que no tiene ninguno. 

 Desinfectar: Eliminación de contaminantes no visible de las superficies al 
usar productos químicos desinfectantes, agua caliente, vapor. 
Superficie de contacto: Todo lo que está en contacto con productos 
alimenticios, incluyendo equipos, utensilios, manos del personal durante su 
manejo.  
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