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RESUMEN GENERAL

LA CADENA DE FRIO Y SU RELEVANCIA EN INOCUIDAD Y VIDA DE
ANAQUEL DE PRODUCTOS CARNICOS!

Los carnicos requieren temperatura controlada para maximizar su vida de
anaquel. Esta puede verse afectada por el manejo ante-mortem y post-mortem,
practicas aplicadas durante la cadena de suministro, por la presencia de
microorganismos, entre otros. La revision de literatura determiné que los ultimos
eslabones de la cadena de frio suelen ser los de mayor problema. Una gestion
inadecuada puede resultar en brotes de enfermedades. La implementacion de
buenas practicas 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
gue comercializan productos carnicos deben mantenerlos a maximo 4 °C. Sin
embargo, evaluaciones de campo mostraron supermercados que rompieron la
cadena de frio, temperaturas superiores al limite se observaron durante el afio y
dentro del refrigerador al evaluar la localizacion de los carnicos. Andlisis del nivel
de higiene del personal de dichos establecimientos, mostraron que requieren
mejorar el uso de uniforme adecuado; malas préacticas de higiene ponen en riesgo
la inocuidad de los alimentos. Este aspecto se evalué tomando muestras de carne
para detectar contaminacion por mesofilos, coliformes, E. coli, y Salmonella.
Todos los supermercados mostraron al menos una muestra con Salmonella. Sin
embargo, no se determind 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 0157:H7, posteriores estudios son
necesarios. Por otro lado, la normatividad no contempla limites para mesofilos y
coliformes. Sin embargo, las cargas que se encontraron en las muestras no
cumplen con lineamientos internacionales como los europeos 0
estadounidenses; México deberia considerar regular de forma mas certera la
calidad microbiolégica de los céarnicos, debido a la gran cantidad de
microrganismos de riesgo que pueden contener.

Palabras clave: Inocuidad, carne, cadena de frio, higiene, microbiologia.

! Tesis de Doctorado en Ciencias en Innovacion Ganadera, Posgrado en Produccién Animal,
Universidad Auténoma Chapingo.

Autor: Pedro Arriaga Lorenzo

Director: Ema de Jesus Maldonado Simén



GENERAL ABSTRACT

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

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
Autonoma Chapingo

Author: Pedro Arriaga Lorenzo

Advisor: Ema de Jesus Maldonado Simén



1. INTRODUCCION GENERAL

Los humanos consumen una amplia variedad de productos alimenticios, los
cuales requieren de diferentes cuidados dependiendo de sus caracteristicas. Los
productos carnicos, lacteos, 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
caracteristicas optimas 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

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

Dentro de estos productos perecederos, los carnicos representan una importante
fuente de nutrientes, siendo un sustrato potencial para el desarrollo de una
variedad de microorganismos que aceleran su degradacion, 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, ademas de utilizar las diferentes tecnologias disponibles
gue permitan conservar los alimentos perecederos bajo temperaturas adecuadas
(Kaur et al., 2021).

Los microrganismos que pueden estar presentes en el deterioro de productos
carnicos son principalmente bacterias, debido a las caracteristicas de estos
alimentos (Zhang et al., 2019). Pueden encontrarse Bacterias Acido Léacticas
(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
preservacion y fermentacion 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).



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 especifico, como reducir la probabilidad de
enfermedades potenciales por la ingesta de alimentos contaminados, algunas de
presencia comun, ocasionadas por bacterias de la familia Enterobacteriaceae,
como Salmonella enterica serovar Typhi, Shigella dysenteriae, Yersinia pestis, y
Escherichia coli (Wu et al.,, 2018). Ademas, 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 produccién 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 frio 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).

Aunqgue diversos factores pueden influenciar la reduccion de la vida de anaquel
de productos perecederos, la temperatura es el factor extrinseco de mayor
importancia por el impacto que tiene en esta, mostrando efectos con tan sélo un
grado centigrado por arriba de lo establecido en las normas (Almonacid-Merino
& Torres, 1993; Raab et al., 2011). En México la NOM-251-SSA1-2009 establece
gue los productos perecederos deben mantenerse a una temperatura igual o
menor que 4 °C, a excepcidn 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 patdgenos 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).



El control permanente de la temperatura es util inclusive al momento de la compra
de alimentos, debido a que los centros de distribucién ofrecen una variada
informacion 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 hipotesis de que se mantendran bajo una temperatura constante y
favorable. Sin embargo, si en algun punto de la cadena de frio 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 informacién errénea (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, pardsitos, entre otros
microorganismos o sustancias quimicas, pueden causar al menos 200 posibles
enfermedades, las cuales varian desde diarrea hasta cancer. Cada afio 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 erroneamente los alimentos durante la cadena de
suministro conlleva pérdidas en las diferentes etapas que la componen, la FAO
(2011) estim6 que aproximadamente un tercio de la produccién mundial de
alimentos se pierde o se desperdicia, y esto significa unos 1,300 millones de
toneladas al afio. 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 viveres para una poblacion en crecimiento (Flanagan et al.,
2019). Por lo cual, es importante saber si se estan tomando las medidas
necesarias para enfrentar los problemas que se presentan durante la cadena de

frio, en especial durante el eslabon de la distribucion.



Hipodtesis

El manejo de la cadena de frio e higiene operado por supermercados de la regidon
del noreste del Estado de México que comercializan hacia el consumidor final
productos carnicos 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 gestion de la cadena de frio y el manejo higiénico de tres tipos de
productos carnicos comercializados al consumidor final en supermercados y su

impacto en la vida de anaquel e inocuidad.
Objetivos especificos

e Registrar la temperatura de la superficie de productos céarnicos de pollo,
puerco y res ubicados en diferentes posiciones de los refrigeradores de
autoservicio en supermercados, para determinar el nivel de gestién de la
cadena de frio.

e Verificar el nivel de los pardmetros de higiene operado por el personal, el
equipo y lugar de distribucién de productos carnicos prevalente en los
supermercados evaluados.

e 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 capitulos adicionales. En el Capitulo 2
se desarrolla una revision de literatura sobre la “importancia de la cadena de frio
en la inocuidad de productos carnicos”; en el Capitulo 3 se elabor6 un articulo de

investigacion sobre la “Fluctuacion de la temperatura de la carne de res en la
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comercializacion al menudeo”; en el Capitulo 4 se incluye un articulo sobre “la
gestion de la cadena de frio de los productos carnicos comercializados por
centros comerciales”; para el Capitulo 5 se incorpora un articulo sobre “las
practicas de higiene de supermercados que impactan en la vida de anaquel de
productos carnicos”; y en el Capitulo 6 se desarrollé un articulo sobre “bacterias
potencialmente peligrosas para la salud humana, presentes en la carne de res

comercializada en supermercados”.
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Abstract:

The food cold chain is an effective tool that allows food markets to mamtain food quality and reduce losses. Poor logistics may
result in foodborne disease cutbreaks and greenhouse gas emissions cansed by organic matter decay. The ongoing pandemic of
COVID-19 makes it necessary to study the chances of SARS-CoV-2 transmissions in food products.

Thas study reviews cold chain logistics as a handy tool for avording food safety risks, mcheding COWVID-19.

The cold chain of perishables and its proper management make 1t possible to maintain quality and safety at amy stage of the food
supply chain. The technology covers each link of the food chain to prevent microbial spoilage cansed by temperature Auctuations
and the contamination with SAFS-CoV-2 associated with perishable foods. Given the lack of knowledge m this field in Latin
America, the region needs new ressarch to deteromne the mmpact of the cold chain on perizhable foodstuffs.
Tthznshahlecnldchmnlsmﬂyasshmgasﬂsn@akathnk andﬂnana‘hunalauimbmnahma]mm‘keisrequiremiwmeabﬂity
protocols to minimize the effect of COWVID-19.
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INTRODUCTION
Food safety and environmental protection are ome
of the most important issues m the global scientific

find better alternatives to reduce CO, emissions [4, 5]
because perishables require appropmate management,
equipment, and facilities at each stage of the food supply

and technological agenda, as well as the subjects of the
growing concern and awareness of final comsumers.
An effective farm-to-table cold chain is a tool that
provides food safety by uninterrupted refrigeration.
This process maintains a controlled temperature of
the perishable product in a grven time and space, thus
promoting a constant heat transfer coefficient and
particular temperature of the dissipation medmm [1].
Product temperatures have to remain within a certain
range to avoid microbial proliferation, tissue damage,
and excessive emission of CO, caused by imefficient
refrigeration devices and food wastage [2. 3]. Therefore,
the industries responsible for cold chain logistics must

chain [3].

Efficient cold chain management uses reliable data
on temperature modes for various foods: for instance,
low temperatures that are switable for meat products
may damage tropical fruits and reduce their semsory
quality [6]. Accurate data on optimal storage tempe-
rature for each product could reduce the volume of food
waste caused by inadequate cold chain management
and mifigate the alarming food loss worldwide [V, 8]
The cold chain techmology provides wvarious benefits
by lmmting the proliferation of microorganisms
and awoiding food waste. Efficient cold chain
logistics extends shelf life, thus providing the final
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consumer with a safe product with an optimal sensory
profile [9). Therefore, companies must provide the neces-
sary conditions and equipment for the entire cold chain
with its weakest links, not only in the manufaciurer’s
facilitbes, which are often certified by international
standards, such as 150 9001, IS0 22000, or HACCP [10].

Dwring the current pandemic, food sopply chains
mast reinforce their byvgiene mcasures beocanse SARS-
CoV-2 might be transmitted by fomites, ablthough
few reports are available on this subjeet [11, 12].
Mevertheless, in Qhimgdao, SARS-CoVW-2 was revealed
in the packaging of cod imporied to China via the cold
food chain, where the low temperatore and homidity
increased the stability of the virus [13]. Conseguenily,
disinfection straicgies were implemented for packaging
cold-chain impored products [14]). This paper highlights
the effect of ternperature fluciuations on the perishable
food cold chain, as well as on the potential presence of
SARS-CoV-2 in perishable foods.

RESULTS AND DISCUSSION

Food supply chain. Food products require a variety
of handling throughout the food supply chain, from the
primary production to the consumer's plate, and cach
stage involves a large number of people. Assessing
the number of poople in food production is a difficalt
task by itself The Ewropean Union abome has at least
11 million establishments engaged in food production,
including 300 000 food and beverage companies. Their
products are purchased by 2.8 million distribotion and
food service businesses, whose principal objective is to
supply products to some 500 million EL citizens [15].

Considerable food losses and waste are unavoidable
bocause cvery single stage of the food supply chain
involves numerous  difficultics. An  estimaied  one-
third of the global food production is wasted for
varipus reasons. Approximately 1.3 billion tons are
reporied as waste every year. The ratios usually differ,
depending on the food supply chain link and the
conditbons within each country [§, 16, 17]. The United
Mations Environment Program has cstimated that about
931 million tons of food waste were generated by retail,
food service, and houschold waste [18]. While food
waste reductbon is on the global agenda, Latin America
can hardly offer any data on food wastage in the region.
Omly four countrics in Latin America can provide
information on food loss and wasie. They are Belize,
Brazil, Mexico, and Colombia [19-21].

Food cold chain. Cold chain is onc of the main tools
of the food industry. It ensures the optimal conditons
for food meant for human consumpien. Cold chain is a
system that keeps food under a controlled temperatare
from the moment of s production or harvest until
it reaches the final consumer [22-24] Howewver, the
Intermational Dictionary of Refrigeration describes it as

“a series of actions and equipment applied to maintain a
product within a specificd bow-temperature range, from
harvest/production to consumpiion™ [25].

1

Highly pershable food producis retain accepiable
safety and guality throughowt the whole supply chain
provided that certain factors are maintained, cg.,
temperature  and  relative  humiadity [24]. Perishab-
les  meay  suffer an adverse  variatioen  when  the
storage temperature is outside the ideal wemperature
range [23]. Therefore, cold chain monitoring is critical
to whenfify any weaknesses for successful interven-
tion [26] Consequently, food sciemce develops various
ways b monitor the temperature of a product in real-
time and access its temperature history throughouot the
process [23] Some of the freguently comployed options
include radios frequency identification (RFID) tags, time
and temperature integrators (TTls), and wireless sensor
networks (WSNs) [27, 28]

Several studies (Table 1) wsed various monitoring
tools to test food temperature along the cold chain and
registered temperaiune abuse at all chain stages [9. 23]
Therefore, food distribution i3 a complex  process
that takes into accoumt the effect of envieonmental
conditions on the feod temperatore throughout the
cold chain [29)]. Transportation, storage, and retail
stages  demsonstrated the highest temperature  abuse
rabe [30-32]

Temperature abuse can happen in all cold chain links,
cspecially at the last stages. The logistics management
definitely reguires improvement, given that icmperatunc
fAuctuations may occur during inspection procedurces
at cusioms or ports [35, 42] A uniform femperatune
distribution in the refrigeration oquipment is crucial to
avoid disraptions related to product position within the
refrigerator [47].

Technologies emploved. The farm-io-table food
product chain  requires significant  resources.  Both
developed and developing countries keep  increasing
their refrigeration energy consumpiion in an attermgt
o redwce food spoilage [51]. Monforti-Ferrario ef all
ecatimated that about 30% of the clectrical encrgy wsed
in the European Union food industry is spent on cooling
and freczing [52].

Such refrigeranis  as  chlorofluorocarbon and
hydrochlorofluorocarbon  dominated the refrigeration
field in the 19305, and vapor compression refrigeration
gaied ground as an aliernative throughout the food
supply chain. In the 19805, the growing cnviromnmental
awareness  resulied in 8 number of international
agrecments with timescale applications for climinating
hydrochlorofluorocarbon.  Later, the Ewropean Union
proposcd introeducing regulations on fluorinated gases,
including all hydrofluorecarbon refrigerants, eg., R1344
apd mixes containing fAuorinated gases, eg, R407C,

RA10A and R404A [53].
Multiple compeessor  refrigeration packs or
air-cooled condenser racks are regularly used in

commeercial refrigeration sysicms in food distribution
centers. I the United Kingdom, modern systems
normally use scroll compressors and R404A refrige-
ranis [33]. Supermarkeis use open refrigerators that have
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Table 1 Temperature fluctuations observed throughout the cold chain

Counfry Lk Product Fecommended Temperature abuse Sensor Feference
termperature, "C
Belzimn Harvest to Endive ] 16°C Diata logzers 24]
restaurant
Canzda Processing toretml Lattuce =5 ™C Tempershre recorders [35]
China Processing to beleat =4 8-10°C Diata logzers [35]
disimbution
Transport Fish —-18+2 = 18.6°C EFID [37]
Fmland Eetail Fizh and =4 <= 105 mom with Diata from the [32]
meat temperatures above mspector’s office,
recommendsad datz logger, nfrared
thermometer
France  All hmks Dairy =<4 @ C Temperature recorder 28]
and meeat
products
All bnks Smoked =8 Temperatures above the Diata loggers 3]
sabmon recommendad
Transport/storage Mlk =4 = 11.7°C Diata logzers [#+0]
Iceland  Trensport Fish 5 The temperature was = 57C Data loggers [#1]
durmz 31.1%
of transportation time
Japan Farm to retaul Lettuce =5 3-15 Diata logzers [#2]
Slovema Eetail Miscellaness Dhiferent Temperatures above Infrared thermomster [31]
products temperature recommended for different
ranges products
South Cold store to haven Fruts 2 = B1% temperatre abuse  Data loggers 43, 44]
Africa for1.5h
Spam Storage Ham =5 =12.2°C Data loggers [45]
Eatail Meat, dairy, 2-8 Termperatures above the Infrared thermometer [#5]
fshery recommended for different
products and products
vegetables
Tarwan  Transport Frozen =20 = 172°C Data loggers [#7]
to home shrimps
Thailand Transport'storage =20 = 17°C at diffevent times Infrared thermal camera’ [45]
datz logzer
USA Hanvest to retaul Live oyster  1.7-10 = 14.4°C Temperathure sensors [#9]
Transport to display  Letfuce =<5 = 18.2°C TempTaled sensors [50]
Transport Fresh-cut =5 5-107C Data loggers [51]
leafy greens

no physical barrier between goods and people, except for
an air screen that keeps out bumidity and warm air [54].

A refrigerated container, also called an integral reefer
container, 15 required to fransport perishable foodstaffs.
It wsually refers to a metal box with polyurethane
imsulation and a refrigeration unit, typically approved
by the Infermational Crganization on Standardization,
ie., it is of ISO guality [55]. The container comprises
three main components: an air circulation system. a
microprocessor controller, and a cooling system. The
microprocessol controls the refrigeration unit, records
the data obtained by the maintenance system, performs
diagnostics, and generates the temperature database
during tramsportation. The refrigeration umit must have
a power source supplied by land equipment or container
vessels [36].

118

Different alternatives are available throughout the
cold chain, some of which are low-cost, whereas others
are more complex and sophisticated, depending on the
product’s link. Economical alternatives, ez, ice, or
more expensive options, e.g.. forced air, vacuum cooling,
of hydro-cocling systems, can be used for pre-ceoling
at the production site. Storage usually oceurs in cold
rooms, In small or large warehouses with traditional
refrigeration equpment, in controlled air conditio-
ning systems, eg. CoolBotI™, or in cold evaporation
rooms. The food processing stage may include some
alternatives, eg., refrigerators, individual quck free-
zing (IQF)., blast freezing, freeze-drying, etc. The
transportations stage usually mcludes such alternatives
as ice, refrigeration units in trailers, evaporative coolers,
or passive cooling [37].
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Cold chain in transportation. Cold cham food
transpertation involves land, air, and maritime resources.
Until 2003, trucks used to be the most popular land
transport wvehicle. Estimates suggest that more than
90% of foods are moved by land in the United King-
dom [2. 58]. The distance that vehicles travel to delrver
a food product to the retailer is highly wvariable [37, 530].
A lot of different factors must be considered during
food transportation to keep the cold chamm undisturbed.
Seasonal temperature can strongly affect the food supply
cham, being as low as —10°C m winter or as high as
35°C 1n summer [7].

Trucks mmst be able to provide favorable temperature
for the perishable foodstuffs they transport, considering
that they travel up to 2500 km [37, 59, 60]. Many studies
Teport temperature rises during transportation of milk,
strawberries, and fresh-cut leafy ens, as well as
during the loading and unleading of fish [39, 30, 61, 62].
Additionally, temperature control deficiencies can be
potentiated by the impact of the environment on the
temperature fluctuations of the transported products [60].

The advantage of air transport is that food can be
quickly moved to locations far from being produced or
harvested. However, this transportation method 1s not
very popular, except for high-cost foods and products
with a short shelf life that mmst reach their destination
quickly [2]. The cold chain by air transport is extremely
complex. Only half of the time required is actually the
flight fime: the other half 15 spent on the management
procedures to load and unload the product infto and
cut of the aircraft, which results in poor temperature
control [2, 63].

In contrast to air transpert. shipping products by
sea 15 slower, although more profitable in cases of meat,
dairy products, fish, fruits, and wvegetables. Therefore,
the type of tramsportation generally depends on the
type of the product to be moved. Specialized vessels are
usually used to transport bananas. For most products,
reefer containers are more cost-effective and can provide
a better logistics [2. 64, 63].

Tramsport to home, which is the last transportation
link in the cold chain, iz often the weakest one, with
the highest temperature increase [66]. Passive cooling
devices are a viable alternative to aveoid this problem,
e.g.. phase change material in easily portable insulated
boxes [67, 68].

Cold chain in warehouses. Achieving that pern-
shable food reaches the last link of the food supply
chain in ocptimal conditions 15 complex and expensive.
The food mdustry invests milliens of dollars in order
to attain this goal and aveid having to recall a product
due to contamination during the celd chain [69]. A
food product can remain stored in distribution centers
for many days [70]. Its shelf life depends on the right
conditions, and the optimal temperature control is
essential. Unfavorable temperature deviation during
the storage of perishable products is related to the
corresponding link in the supply chain Derens ef al
revealed that the biggest temperature problems in France

were related to display cabinets, tramsport to the home,
and domestic refrigerator storage [37].

Unfavorable fluctuations occur less freguently
during storage at the distribution center. Multiple stu-
dies conducted on such perishables as meat, dairy
products, and vegetables confirmed temperature records
below 4°C at the storage stage mn distribution cen-
ters [37, 60, 70). However, these data were obtained
from developed countries. Developing countries have
less favorable conditions in terms of equipment, energy
sources, and environment which is often due to their
geographical location.

Retail cold chain. Derens-Berthean et al reported
that such stages of the cold chain as display. transport
to home, and domestic refrigerator storage are also
highly problematic. Fetail distmbution link appears
to be one of the main problems, which can be related
to varicus reasons. Firstly, product information often
lacks temperature specifications [31]. Secondly, open
refnigeration equipment sometimes fails to maintain the
required temperature as a result of an uneven distribu-
tion of the airflow throughout the rack [43, 71, 72].
The latter occurs when the equipment lacks capacity or
configuration to achieve an effective air curtain [73, 74].
Therefore, refrigeration equipment with doors is a
viable cption to achieve greater efficiency in cooling of
perishables and electricity consumption [54].

Some recent studies pointed to the need for
immproving the cold chamn comtrol during retal: they
detected adverse temperature deviations in meat
products, poultry, and pork [30, 32, 72]. Even within
retail distmbuters, position of the product in the
refnigeration equipment might result in temperature
fluctmations caused by design, configuration, or services.
Baldera ef al reported a 25, 40, and 37% shelflife
reduction for cheese, salmon, and chicken because
they were positioned at the highest point inside the
refrigerator.

Within the retail food industry, refrigeration systems
are mponsil:lle for a significant amount of g;reen]muse
gas emissions, which could be reduced by wusing
improved equipment [73]. The electricity consumed by
a supermarket generates approximately 30% of these
emissions [76]. Moreover, some supermarkets still use
bydrofluorocarbons as refrigerants. This refrigeration
method is responsible for 30% of greenhouse gas
emissions caused by refrigerant leakage, but it stll
remains gquite popular in the United Kingdom [77]. As a
result, standards have been implemented to decrease its
use in faver of natural options, such as CO, [T8].

Food spoilage induced by microorganisms. Shelf
life is the time food keeps its physical, chemical and
microbiological properties and is safe for hmman
consumption. Food spoilage can be associated with
environment, composition, packaging. homan handling,
microorganisms, etc. All these factors reduce shelf
life [79, 80]. Potential factors that affect shelf hife cam
be divided into intrinsic and extrinsic. Therefore, a
microorganism can be considered an extrinsic factor if it
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does not belong to the product. Meat products constitute
a highly favorable food source for various bacteria since
meat has a lot of mutrients and high water activity, which
promote microbial growth. As a result, meat products
easily acquire unpleasant texture, edor, and flaver [20].

Food contains a great wide variety of microor-
gamisms, e.g.. Campylobacter, Pseudomonas, Enterococ-
cus, Acinetobacter, Prychrobacter, Moraxella, etc., as
well as mumerous kinds of bactenia, fungi. yeasts,
protozea, and vimses [31-25]. Food in general and meat
products in particular are susceptible to a wide range of
petential speilage microorganisms. Meat products have
been reported as foods with the highest temperature
abuse [86]. Therefore, this kind of food nomst be handled,
stored. and transported at a temperature range of 2—7°C,
depending on the type of meat product [7].

However, strict temperature control throughout the
cold chain is just another tool that minimizes the risk
of microbial contamination. Additional measures can
help avoid other contamunation sources and reduce the
chance of microbiological growth Some psychrotrophs,
for example, can grow at temperatures below
T7°C [84, 88]. This group of microorganisms includes
such high-nsk species as Lisferia monocyfogenes
and TYersinia enterocolifica, both of which can
grow at temperatures below 5°C [29]. However. the
Eurcpean Union reports a low incidence of outbreaks
related to psychrotrophs compared to bacteria, eg.,
Campylobacter and Salmomella [90]. Meanwhile, a
higher incidence of nerovirus cases with a meager
moertality rate was reported in the USA through 2017
It was followed by Salmomnells and, with fewer cases,
Listeria. However, these bacteria could be considered
equally dangerous since 3—2 and 335 people die from
Salmonella and Listeria each year, respectively [81].

Food loss and waste are mot only a concem for
economic and environmental reasons, but they also
present a high nsk of an outbreak due to contami-
nated food. Pathogens, such as Salmenells enterica
serovar Typhi, Shigella dysenteriae, Yersinia pestis,
and most Escherichia coli, are found withim the Enfe-
robacteriaceae family [91]. Some of them can grow
when temperatures are above 7.2°C, eg., E. coli O157:
H7 [82]. Some strams of these bacteria are natural
to the digestive tract of warm-blooded amimals [92].
However, strains classified as Dhartheal E. coli (DEC)
are becoming more aggressive as a result of their impro-
ved resistance to different antibiotics [93]. They are
subdivided by their virulence into shiga toxin-producing
E. coli (STEC), enteropathogenic E. coli (EPEC), ente-
roaggregative E. coli (EAEC), entercinvasive E. coli
(EIEC), enterotoxigemic E. coli (ETEC), and diffusely
adherent E. coli (DAEC).

COVID-19 and its relevamce to food safety.
Throughout 2019 the world faced a danger that
severely impacted public health and hit the worldwide
economy. Coronavirus disease (COVID-19) is caused
by Severe Acute Respiratory Syndrome Coromavims 2
(SARS-CoV-2). Up to early November 2021, it caused

247 968 227 confirmed cases. of which 5 020 204 deaths
were reported in at least 200 countries. Conseguently,
vaccimes are Teported to have been applied in
7 027 377 238 doses among the world's population [94].
Waccination works in comuncticn with recommended
safety measures, but the mumber of cases reported vary
from region to region in each country.

A 55-day period without wviral transmission was
achieved in the Beming region, which was interrupted on
June 11, 2022 when a SARS-CoV-2 case was reported
and contimied to spread. The virus was detected om
different surfaces omn a wholesale seafood and meat
market, parficularly on a board used to shee salmomn
imported from Europe. The virus could be transmitted
through food in the cold chan, cross-contamination by
workers, or packaging, but the sequences found wers
consistent with those of mfected Chinese cifizens who
returned from Europe [935, 96].

Moreover, the Chinese Center for Disease Control
and Prevention carried out different studies that detected
the presence of SARS-CoV-2 micleic acid in samples of
chicken and shrimp imported from South America and
marketed in various Chinese cities [97]. Consequenthy,
several studies (Table I} proved the presence of SAERS-
CoW-2 in food products and raw materials. Whether
food 1s a direct transmission route remains unclear,
which does not eliminate the possibility of cross-con-
tamination [98]. Therefore, strict control measures are
required to reduce outbreaks, particularly in large slan-
ghtering and meat-processing compames, where out-
breaks have been reported in Portugal, Australia, The
United Kingdom, and Ghana [99].

Food products receive little scientific attentiom
m COWVID-19 research since they are not comsidered
a potential transmission route of SARS-CoV-2. Stu-
dies conducted on fresh wegetables, ez, cucumbers,
revealed that the virus might remain infectious for up to
72 h [107]. Castrica ef al. commented that researchers
are increasing the mamber of studies on wastewater
based on the understanding that monitoring the
pathogen in this environment could create a real-time
pandemic model [110, 111]. Moreover, communal areas
must not be overlooked as a source of contact infection,
although no positive samples have been found from
different regions, potentially due to adequate sanitatiom
measures [106].

Since the jury i1s still out on the foodborne
transmussion  of COVID-19, inoculations  were
carmied out on pork, beef, and salmon samples with
different concentrations of SARS-CoV-2 to investigate
the stability of the wvirns after controlled cold-chain
management (4 and -20°C) [112]. Viral ENA was
detected in all samples stored at 4°C for 72 h after
infection, with a higher average number of BEIMNA copies
in the pork meat at the lowest concentration At the
highest concentration, wiral FNA could be detected
in all samples up to 216 h after infection. Viral BNA
remained detectable up to 20 days after infectiom
in the samples stored at —20°C in both inoculum

12
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Table I Detection of SARS-COWV-2 virus 1n food-safety-related samples

Country Sample Type of study Deetechon method Reference
UsA Water and Persistence evaliation RTqPCR and Vero E& cells [102]
wastewater
South Eorea Tap water Stabulity n water samples qRT-PCE [103]
China Salmon Viability of SARS-CoV-2 under different  Vero ES cells [104]
condriions
Bangladesh  Wastewater Deetection of SAFS-CoV-2 zenetic material RET-PCE [105]
Fmland Wastewater influent Presence and stability of SARS-CoWV-2 RTqPCE N2 assay, ABI Biglhve™ [104]
RMA v3.1 Chenvistry
Brazml Faver water Viability of SARS-O0WV-2 under different  Plague assay [107]
temperahwe condifions
Canada Surfaces in food Detection of SABRS-CoV-2 (all of them RTqPCR [108]
retailers negahve)
Apple, tomato, Presemvation of mfectivaty (HCoW-229E) Plaque assay (MR.C-5 cells) [1049]
cucumber, and
lettuce
France Zebra mm=sal SARSCoV-2 zenome detechion in RT-gPCR [110]
zebra mussals as bioindicators of water Cranes tested: RARP: REIMNA-
contanunation dependent FINA polymerase gene;
E. an envelope protemn gene and M,
ucleccapsid protem gens
Iialy Polyethylens and Persistence of SARS-CoWV-2 (ATCCE VE- FMA extracted with QLA=mp® Viral [111]
polystyrene food 1986 HE T, FMA Mo Eit
trays RTgPCE using the VETfinder
detection kit

concentrations, being present to a greater measure in
pork and beef, probably because of their fat content and
texture.

The actual routes of SARS-CoWV-l transmission
are not entirely clear [113, 114]. Currently, the closest
relationship 1s to wviruses reported in bats [115]
Given the wvanety of information about possible
COVID-19 transmission routes, people reacted by
increasing food safety and hygiene measures, eg.,
washing and samfizing kitchen surfaces, food, and
hands [116]. Additionally, animal foods should underge
proper cecking procedures before consumption [117]
Unfortunately, people mmght fail to lnk security
measures to food safety and give up these practices
after the pandemic if their importance is not promo-
ted [118]. Another crifical point 15 the correct washing
and disinfecting methods, eg., using of detergent
residues or inefficient disinfecting with vinegar, as was
observed in Brazil [119-122].

On the other hand. food could be a transmission
route for SARS-CoWV-2, as it has been linked to meat
processing plants, wherefrom wviral particles could be
tramsported to meat through the chain links. Some
publications reported worrying data on the survival of
viral surrogates, depending on the food and temperature.
The SARS-CoV-2 viral surrogates remained in chilled
and frozen meat and fish for a long time at refrigeration
and freezing temperatures, possibly because the low
temperatures allowed the virus to survive [123]. Low
temperatures and bumidity increased the survival
of SARS-CoV-2 and conimibuted to its long-distance
spread during legistics and trade [124]. The widespread

recommendation to prevent contamimation of food and
processing surfaces focuses on disinfection protoceols at
every stage of food processing.

Another relevant factor indicates that contaminated
food and packaging imported from areas of active
outbreaks of COVID-19 were located in China [123].
In confrast, low levels of SARS-CoV-2 were detected
on stainless steel and cardboard surfaces under room
temperature and constant humidity [126, 127]. Frozen
foods were reported to camry SARS-CoV-2 without
nman contact, thus necessitating procedures for
safe tramsport. Sciemfists reported incidemts related to
cold chains m frozen meat and fish An mprovement
system for food cold chain management includes
information detection, chain lnkage, and credible
traceabality [128]. We identified two areas of mmproved
cold chain management practices. The first one focuses
on the amalysis of requirements for the prediction
of transmussion misk and temperature ranges. The
other concentrates on the documentation regarding
critical control points throughout the cold chan, thus
implementing objective traceability.

For high-gquality food to reach the final chain link.
the food industry needs qualified staff who are aware
of the relevance of their work. All workers along the
cold chain should pessess a solid food safety culture, be
able to identify the hazards of food mishandling, and
understand the importance of hygienic measures both
before and after the handling of animal products, tools,
etc. [129, 130]. In addition, whole and retail vendors
mmst be tightly supervised by government and non-
government certification agencies [131, 132]. However,

13
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MNyarugwe ef al. conducted surveys of employees from
diverse areas in food compamies located mm China,
Greece, Tanzama, and Fambia [133]. They found that
workers in African compared lacked traiming and safety
culture in comparison to those in China and Greece.

Unfortunately, the statistics of foodbome disease
outbreaks in developing countries are scarce, and
adequate product resources for safe food are few [134].
Therefore, the safety culture and persomal t’al::lmg
identified by N!rarugv.e gt al. Im African companies
could be extmpola‘ted to those in Latin America [133].
In addition, the challenges of the COVID-19 pandemic
require better hygiene practices in the general
population. For instance, male workers were reported
to have a greater sense of risk of contracting SARS-
CoV-2, but they took fewer safety measures to protect
themselves, compared to female employees [118].

Mohammadi-Nasrabadi ef al assessed the know-
ledge on health and food safety during the COVID-19
pandemic In restaurant personnel only to discover
that none of them had received any fraiming on this
topic [135]. The authors classified the Tevel of COVID-19
awareness in restaurant workers as low (17%%), moderate
(35.2%), and good (47.235). After the training, these
percentages increased.

CONCLUSION

Food safety has the potential to have a strong
impact on different sectors of each nation. By supplying
healthy food to the population, governments can
reduce the occurrence of foodborne diseases. Compa-
mies that produce, transpert, or trade in perishables
should raise the awaremess of their employees about
reffigeration equipment, its mainfenance, calibration,

and temperature monitoring. This simple measure is
especially important in developing countries, where It
could improve food handling at each supply chain step.

The present work stresses the need to use refn-
geration equipment that ensures temperature comirol at
each stage of the cold chain because various potential
microorganisms may affect meat products’ safety and
shelf life. An appropriate cold chain management could
reduce food wastage, especially in developing countries,
thus decreazing carbon print. An effective celd chain
possesses a reliable traceability and contributes to
international efforts against the COWVID-19 pandemic.
Therefore, effective food cold chain management
standards increase food safety and prevent the spread of
SARS-CoV-2.
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Assessment of the cold chaln for cuts of besel sold In supermarkets

considerando aguellos que utilizan refrigeradores de tipo ablerto. Se registrd 1a temperatura
suparmcial del producto locallzado en diferentes posiciones del refrigerador. Los datos obtenidos
5o anallzaron con un modelo mixto con mediciones repetidas en el tlempo Dajo un dQiseno
Completaments al azar. Se getermind gue dos 0e 10s CUAtre SUpSarmercados, presentaron proolemas
de gestidn ge 13 cadena de frio durante 10S Meses evaluados, Incumpliendo Lo estipul2ao en La
norma NOM-213-55A1-2018. EStO representa un riesgo para el consumo numano, por la posiole
proliferacion de microorganismos causada por el aumento de temperatura, ademas de reduclr 12
vida da anaquel y posterlor desperdiclio de allmentos, generando pérdidas econdmicas.

Palabras clave: Carne, bovino, temperatura, Inocue, deterioro de alimentos.

Introduction

In the human diet, the main source of protein comes
from the animal products, for this, it is important to
consider that meat products, such as beef, that being a
highly perishable food, can be a risk for human health
if there is an inappropriate management in some links
of the supply chain (Syahputrli and sucipto, 2021).
It is estimated that, during 2021, about 55 843 000 t
of meat were consumed at global level, from which,
1987 245 were consumed in Mexico (Consejo Mexicano
de la Carne, 2022). Therefore, in order to assure that
this food reaches the final consumer in good condition,
it is essential that beef stay under cold chain.

Highly perishable food products need refrigeration
or freeze processes during all the links of the supply
chain, since the post-harvest/sacrifice until they reach
the final consumer, which is achieved under cold chain
logistics (Hu et al, 2020). All this on the understanding
that, the refrigeration of highly perishable products
i one of the main and effective options 1o Increase
the shelf life (Ding et al, 2016; Feng et al, 2019;
Pichaya et al., 2012). However, it is estimated that of a
production of 1 661 million tons of food that should be
refrigerated, only &7 % is refrigerated, which generates
a global food loss up to 13 %, mainly in developing
countries with lack of refrigeration units (International
Institute of Refrigeration, 2020).

Oon the other side, with the beginning of the COVID-19
pandemic, the importance of hygiene measures, both
personal and in food for daily consumption, was
highlighted. Although there is no evidence that food
transmits del SARS-CoV-2, viral particles have been
detected in materials related to food under cold chain
(Chen and Duan, 2020; Normile, 2020; Yang et al., 2021).
This as consequence that the stability of the SARS-
Cov-2 benefits from the low temperatures provided
by the cold chain (Han et al, 2021; Shi et al., 2020).
Nevertheless, it Is strictly necessary maintain the
perishable food at a temperature not higher than & °C,
because a sudden increase could cause a quality Loss,

Introduccion

En la dieta de los humanos, la principal fuente de
proteina proviene de los productos de origen animal,
por lo gue, es importante considerar que los productos
carnicos, como los de res, que al ser un alimento
altamente perecedero, puede ser un riesgo para la
salud humana si se presenta un mangjo inadecuado en
algin eslabén de la cadena de suministro (Syahputri
y sucipto, 2021). Se estima que, durante el 2021 se
consumieron alrededor de 55 843 000 t de carne de res
a nivel mundial, de las cuales, 1 987 245 se consumieron
en México (Consejo Mexicano de la Carne, 2022). Por
ende, para asegurar que dicho alimento llegue en buen
estado hasta el consumidor final, es crucial que la
carne de res se mantenga bajo cadena de frio.

Los productos alimenticios altamente perecederos
requieren de procesos de refrigeracion o congelacion
durante todos los eslabones de la cadena de
suministro, desde la post-cosechafsacrificio hasta
llegar al consumidor final, lo cual se logra bajo la
logistica de la cadena de frio (Hu et al., 2020). Esto en
el entendido de que, |a refrigeracion en los productos
altamente perecederos es una de las principales y
eficaces alternativas para maximizar la vida de anaguel
(Ding et al., 2016; Feng et al,, 2019; Pichaya et al., 2012).
Sin embargo, se estima que de una produccién de
1661 millones de toneladas de alimentos que deberian
ser refrigerados, Unicamente se refrigera 47 %, lo que
genera una pérdida mundial de alimentos de hasta
13 %, principalmente por paises en desarrollo con falta
de equipos de refrigeracion (International Institute of
Refrigeration, 2020).

Porotrolado,conlallegadadela pandemia delCoviD-19
se resaltd la importancia de medidas de higiene,
tanto personales como en los alimentos de consumao
cotidiano. A pesar de que no se ha demostrado que
los alimentos sean una ruta de transmision del SARS-
Cov-2,se han detectado particulas virales en materiales
asociados con alimentos bajo cadena de frio (Chen y
Duan, 2020; Normile, 2020; Yang et al., 2021). Esto como
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growth of microorganisms and, therefore, economic
losses before the expiration date (Mdraha et al., 2018§;
Neisyafitri and ongkunaruk, 2020; Rizou et al., 2020).

The temperature variations, also called disruptions,
abuses or fluctuations, are produced through the food
management and generally in the cooling before its
transport, during the delivery at different points of the
supply chain, in the process of loading and unloading
the products. These alterations cause delay in the
transport of the product in contact with the room air, in
addition of the interruptions or incorrect calibration of
the refrigeration system during the retailing (Brenner,
2015; Mercier et al, 2017; Syahputri and Sucipto, 2021).
As 3 consequence, the aim of this study was to assess
the cold chain for beef sold in supermarkets, in order to
detect if there is a risk of microbiological contamination
due to temperature increases.

Methodology

From January to May 2022, we took surface temperature
records for the cuts of beef loin and rib eye steak
packaged and marketed in four supermarkets from
the northeast of the State of Mexico. Samplings
were conducted each week between 12:00 - 14:00 hr.
In each supermarket, the temperature of the products
placed in the front, middle and back position of
open fridges, was recorded. During the study, a room
temperature between 15 - 26 °C was recorded in the
zone. The generated database collected 12 records by
supermarket/month, obtaining a total of 240 records.
The temperature readings were obtained with an
infrared thermometer (MASIONE GM320).

To analyze the temperature database, a mixed model
with repeated measurements over time was used, with
the SAS software (SAS, 2013). Through a completely
random design, the positions within the fridge, the four
supermarkets and five months of the year (January
to may), were considered as independent variables.
The room temperature was deemed as a covariate
with linear and quadratic effect. Measurements were
grouped through the Student's t-test. The temperature
means obtained from the statistical analysis were
compared with what is stipulated in the NOM-213-
SSA1-2018 for meat products.

Results and discussion

Front position

In the front position (Table 1) of the open fridges,
it was found that, during the five sampled months,

severe management problems in the cold chain were
presented in the two supermarkets assessed (1 and 3),
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consecuencia de que la estabilidad del SARS-Cov-2
se beneficia de las bajas temperaturas propiciadas
por la cadena de frio (Han et al., 2021; shi et al,, 2020).
No obstante, es estrictamente necesario mantener los
alimentos perecederos a una temperatura no mayor
a 4 °C, ya gue un aumento repentino, puede provocar
que antes de la fecha de caducidad se produzca una
pérdida de calidad, proliferacion de microorganismos
Y, por consiguiente, pérdidas economicas (Ndraha et al,
2018; Neisyafitri y Ongkunaruk, 2020; Rizou et al,, 2020).

Las variaciones de temperatura, también llamadas
disrupciones, abusos o fluctuaciones, se producen
durante el manejo de los alimentos y generalmente
en el enfriamiento previo a su movilizacion, durante
la entrega en los diferentes puntos de la cadena de
suministro, en el proceso de carga y descarga de los
productos. Estas alteraciones causan demoras en
la movilizacion del producto entrando en contacto
con el aire ambiental, ademas de las interrupciones
o incorrecta calibracion del sistema de refrigeracion
durante [a venta al menudeo (Brenner, 2015; Mercier et
al., 2017; Syahputri y Sucipto, 2021). En consecuencia, el
objetivo de este estudio fue evaluar la cadena de frio
en cortes de carne de res vendida en supermercados,
con el fin de detectar si existe riesgo de contaminacion
microbioldgica por aumentos de temperatura.

Metodologia

Durante los meses deeneroamayo de2022, setomaron
registros de temperatura superficial de cortes de
carne de res de lomo y rib eye steak empaguetada y
comercializada en cuatro supermercados localizados
en el noreste del Estado de México. Los muestreos se
realizaron de forma semanal entre 1as 12:00 - 14:00 hr.
En cada supermercado se registrd la temperatura
de los productos localizados en la posicion frontal,
media y posterior de refrigeradores abiertos. Durante
el estudio se registrd una temperatura ambiente
entre 15 - 26 oC en la zona. La base de datos
generada acumuld 12 registros por supermercado/
mes, obteniendo 240 registros en total. Las lecturas
de la temperatura fueron obtenidas utilizando un
termometro infrarrojo (MASIONE GM320).

Para analizar la base de datos de temperaturas, se
empled un modelo mixto con medidas repetidas
en el tiempo, usando el software SAS (SAS, 2013)
mediante un disefo completamente aleatorizado;
se consideraron como variables independientes
las posiciones dentro del refrigerador, los cuatro
supermercados y cinco meses del afo (enero a mayo).
La temperatura ambiental fue considerada como una
covariable con efecto lineal y cuadratica. Las medias
se agruparon mediante la prueba t de Student
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Table 1. Estimated temperatures (*C) for cuts of beef placed In the front position of the fridge.
Cuadro 1. Temperaturas estimadas (°C) en cortes de res localizados en la posicion frontal del refrigerador.

Month/Mes
Supermarket /
Supermercado
January [ Enero  February / Febrero  March [ Marzo April | Abril May / Mayo Mean / Madia

1 10.17+0.58 0.78+0.41 10162048 8.91+0.30 9.71+0.41 0.75:0.21*

2 LB340.77 3.31+0.60 3591039 3384040 4114033 3.84:0.26°

3 6.81+0.58 718+1.74 12.8423.20 8364299 9.37+1.08 B.91+0.92%

& 2894073 3.75:0.78 4244171 5.6341.07 4454050 §37+0.30"°
Mean [ Medla 6.2+0.68 6.01+0.82 7714128 6574092 6.91+0.67

Means with the same literal, do not show significant statistical differences (P=0.05) f
Medias con la misma literal, no muestran diferencias estadisticas significativas (P=0.05)

showing temperature abuse of up to 8 °C above the
limit allowed by the NOM-213-55A1-2018 standard,
which sates a temperature not higher than 4 =C for
refrigerated foods. Supermarkets 2 and & showed a
better temperature management, although in some
months, there are temperature increases slightly
above what is stipulated by the standard. The analysis
of the environmental temperature as covariate, did
not show lineal or guadratic influence (P=0.05).

Middle position

Supermarkets that did not maintain a good tempera-
ture management for the cuts of beef placed in the
front position of the fridge, showed the same trend
in the middle position (Table 2), with temperatures up
to 6 °C above what is stipulated. On the other side,
the variations showed by the supermarkets 2 and &,
were reduced and practically disappeared. also, it was
observed that the temperature of the meat products
placed in this position within the fridge, showed an in-
fluence of the room temperature with quadratic effect.

Back position

Data obtained from the analysis of the various
positions in the fridge show that there are temperature
variations in respect of the position in which meat
products are placed. In this research, it is showed
that in the back position (Table 3), the assessed
refrigeration units maintained a better temperature

REVISTA CHAPINGD SERIE AGRICULTURA TROPICAL

Las medias de temperatura obtenidas del analisis
estadistico se compararon con lo estipulado en la
NOM-213-55A1-2018 para los productos carnicos.

Resultados y discusion
Posicldn frontal

En la posicidn frontal (Cuadro 1) de los refrigeradores
abiertos, se encontré que, durante los cinco meses
muestreados se presentaron severos problemas
en el manejo de la cadena de frio en dos de los
supermercados evaluados (1y 3), presentando abusos
de temperatura de hasta & °C por arriba del limite
permitido por la norma NOM-213-55A1-2018, la cual
indicaunatemperatura no mayor a4 °C paraalimentos
refrigerados. Los supermercados 2 y 4 presentaron
un mejor manejo de la temperatura, aungue se
observan en algunos meses incrementos de
temperatura ligeramente por arriba de lo estipulado
por la norma. EL analisis de la temperatura ambiental
como covariable, no mostrd influencia (P=0.05) lineal
0 cuadratica.

Posicion media

Los supermercados que no lograron mantener una
buena gestion de la temperatura de los cortes de
res localizados en la parte frontal del refrigerador,
mostraron la misma tendencia en la posicion media
(Cuadro 2), con temperaturas hasta 6 °C por arriba
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Table 2. Estimated temperatures (*C) for cuts of beef placed in the middle position of the fridge.
Cuadro 2. Temperaturas estimadas (*C) en cortes de res localizados en la posiclon media del refrigerador.

Month [ Mes
Supermarket /
Supermercado
January / Enero  February /Febrero March [Marzo ApriL / April May Mayo Mean [ Medla

1 10.3540.56 10794050 9.33+0.86 7.19:0.47 B.6420.57 9.26:0.34°

2 4.7540.83 1.76+0.88 3.554+0.23 2.72+0.29 2.3020.38 3.4240.30°

3 4991103 7.00+1.49 7.65+3.73 6.19+1.54 5.9820.90 6.37:0.78"

4 1.8340.57 2164057 3.004+0.25 1.81+0.82 2.3820.81 2644033
Mean [ Medla 5.4820.79 5.83+0.95 5.89+1.10 5.98:0.62 4832069

Means with the same literal, do not show significant statistical differences (P=0.05) /
Medias con la misma literal, no muestran diferencias estadisticas significativas (P=0.05)

Table 3. Estimated temperatures (*C) for cuts of beef placed in the back position of the fridge.
Cuadro 3. Temperaturas estimadas (*C) en cortes de res localizados en la posiclon posterior del refrigerador.

Month [ Mes
Supermarket /
Supermercado
January / Enero  February /Febrero March [Marzo ApriL / April May Mayo Mean [ Medla

1 5.B040.89 5544068 4.61+0.16 3.07+0.22 4792063 4. T6:0.29°

2 1.7421.39 0.51+0.69 -0.01:0.47 -0.33:1.03 0.39:0.81 (0L45:0.41°

3 1.B4:0.71 2614157 7.004+4.03 5§ 35:2.74 4.1324.54 3.90:0.96°

4 -2.1430.40 -0.64+0.49 0.03+0.42 -0.2+0.72 -1.15+1.18 -0.8240.37"
Mean [ Medla 1.81:0.77 2.00+0.74 2.51+1.20 1.72+0.78 2.0420.76

Means with the same literal, do not show significant statistical differences (P=0.05) /
Medias con la misma literal, no muestran diferencias estadisticas significativas (P=0.05)

control. However, although the temperatures in the
four supermarkets are observed to be lower than in
the front and middle positions, supermarkets 1 and
3 still presented temperatures above what is allowed
for three months. On the other side, supermarkets
2 and £ maintained a good control of the cold chain
during the five months assessed.
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de lo estipulado. Por otro lado, [as variaciones que
presentaban los supermercados 2 y 4, se redujeron y
practicamente desaparecieron. Ademas, se observo
que la temperatura de los productos carnicos
localizados en esta posicion dentro del refrigerador
presentd una influencia de la temperatura ambiental
con efecto cuadratico.
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General discussion

According to the temperature means of the different
supermarkets, it is observed that, when they
are compared with the Mmexican legislation, there are
problems with the cold chain management in the
distinct positions of the open fridges. These findings
are similar to the results obtained by Baldera
et al. (2016) in Spain, where it was determined
that the temperature fluctuations occurred more
frequently at the top of the fridge. In ancother study
developed by Eriksson et al. (2016), they point out
that, to extend the shelf life of the perishable foods,
a more important activity is to reduce the storage
temperature, that leads to a reduction of food waste
in supermarkets. On the other hand, in Mexico,
and in other countries, it Is imperative to have
databases that show the correct operation of the
refrigeration units. However, the corresponding
authority needs a strict system to monitor and verify
that data is correct, in order to avoid discrepancies
between the database and real temperatures, like
those detected in retail establishments by Lundén et
al. (2014).

It is important to point out that the temperature
abuses are not limited to the link considered in
this study, since managing the cold chain turns out
to be complicated during transport, storage, and
retailing, besides that it is not limited to a specific
product. Ndraha et al. (2018) show the fluctuations
recorded by different European countries such as
Spain, Finland, France, Iceland, and Slovenia. Due
to the high temperatures estimated in this study,
it is possible to infer that the food waste increases,
because of a significant reduction of the shelf life, as it
was observed in the province of Granada, spain, with
reductions from 25 to £0 % during the summer season
(Baldera et al., 2016).

On the other side, the safety food production
during and after the COVID-19 pandemic, the fluctuation
and temperature abuse in the cold chain, currently
represent a crucial factor. This Is because, by applying
an appropriate temperature during transport or storage,
in each type of food stipulated in the standards, it leads
to achieving the desired quality of food products, and
therefore reduces food waste and loss. (Skawinska
and Zalewski, 2022). In the initial period of the COVID-19,
a shock scheme between the supply and demand
at global level was presented due to the applied
coordination and climatic conditions, highlighting
in particular the role of applied temperature in food
storage (Davis et al., 2020; Hobbs, 2020). There is a
systemic research and information gap about the

%]

Posiclén posterior

Los datos obtenidos del analisis de las distintas
posiciones del refrigerador muestran que existen
variaciones de temperatura en cuanto a la posicion
en la que se colocan los productos carnicos. En esta
investigacion se muestra que en la posicion posterior
(Cuadro 3), los equipos de refrigeracion evaluados
mantuvieron un mejor control de la temperatura.
No obstante, a pesar de gue las temperaturas en los
cuatro supermercados se observan mas bajas que en
las posiciones frontal y media, los supermercados 1y
3 continuaron presentando temperaturas por arriba
de lo permitido durante tres meses. Por otro lado, los
supermercados 2 y 4 mantuvieron un buen control de
la cadena de frio durante los cinco meses evaluados.

Discusion general

De acuerdo con las medias de temperatura de los
diferentes supermercados, s& observa que, al comparar
con la legislacion mexicana, existen problemas con la
gestion de la cadena de frio en las distintas posiciones
de los refrigeradores abiertos. Estos hallazgos son
similares con los resultados obtenidos por Baldera
et al. (2016) en Espana, donde determinaron que las
fluctuaciones de temperatura ocurrieron con mayor
frecuencia en la parte superior del anaquel. En otro
estudio hecho por Eriksson et al. (2016) indican que,
para lograr prolongar 1a vida Otil de los productos
perecederos, una actividad de mayor importancia
es reducir la temperatura de almacenamiento, gue
conlleva a una reduccion de desperdicio de alimentos
en supermercado. Por otra parte, en Méexico, como en
otros paises, es obligatorio contar con bases de datos
gue demuestren el correcto funcionamiento de los
equipos de refrigeracion. sin embargo, la autoridad
correspondiente reguiere de un estricto sistema para
monitoreary verificar que los datos sean correctos, con
el fin de evitar discrepancias entre la base de datos
y las temperaturas reales, como las detectadas en
establecimientos minoristas por Lundén et al. (2014).

Es importante sefalar que los abusos de temperatura
no se limitan al eslabon considerado en este
estudio, ya que gestionar la cadena de frio resulta
ser complicado durante el transporte, almacenaje y
venta al menudeo, ademas de que no se limita a un
producto en especifico. Ndraha et al. (2018) muestran
las fluctuaciones registradas en diversos paises
europeocs como Espana, Finlandia, Francia, Islandia, y
Eslovenia. Debido a las altas temperaturas estimadas
en este estudio, es posible inferir que se aumenta el
desperdicio de alimentos, como consecuencia de una
reduccion considerable de la vida de anaquel, como
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temperature fluctuations in foods throughout the
supply chain (Skawinska and Zalewski, 2022).

on the other hand, the types of refrigeration units
used in the retailing supermarkets play a key role in
the cold chain control, as well as in the supermarkets
considered in this study, called open fridges. For
example, in the study developed by Morelli et al. (2m2),
they suggest performing the appropriate corrections
for the calibration to reach the target temperature, in
addition of the correct unit management on the part of
the retail staff. As consequence, and according to the
temperature issues in food products in France, two main
reasons were [dentified: poor professional practices
and poor refrigerator design. The recommendations
proposed for the first problems are focused on reducing
the periods of food preparation and putting it quickly
to the cooling process, to avoid the development of
Listeria monocytogenes in those sensitive products.
While the unit design is focused on the manufacturers
in order to identify limitations and promote an optimum
performance of the units.

On the other side, maintaining meat foods at low
temperatures hinders the growth of pathogenic
bacteria during the stages of storage and retail sales
in supermarkets. (Castro-1banez et al., 2017). Also, if the
proper temperatures are not maintained for the food
refrigeration, the proliferation of pathogenic bacteria
that are already present in the products, occurs (Zeng
et al., 2014). For example, the raw meat is one of the
foods that has a lower stability, because it has a large
amount of nutrients for microorganisms. For this, the
temperature control becomes an essential tool to
protect the quality of the meat products (Xiong, 2023).
Although the cold chain maintenance represents a
crucial point in the safety and quality of the products,
the supervision and exclusion of sick workers
becomes more important (alegbeleye et al, 2018).
The detection of a high rate of pathogens in fresh
meat has been reported, Staphylococcus, Salmonella,
Shigella, Enterococci, Escherichia, Acinetobacter, and
Corynebacterium spp. in carcasses or cuts of pork
(van Ba et al,, 2019), while in beef carcasses there is a
presence of Clostridium, Brochothrix thermosphacta,
lactic bacteria and Pseudomonas spp. (Reid et al,
2017). In another research, Xiaofeng and xXuelal, (2021)
point out the relevance of moisture and temperature
to guarantee the meat safety, specially to inhibit the
growth of bacteria. Therefore, the cold chain, together
with the moisture control, favor a visible improvement
in the quality and safety, as well as the shelf life of the
products (Fikiin et al, 2020). Then, the combination of
an elevated temperature and high moisture facilitate
the bacterial growth (Yu et al, 2001), although there

se observd en la provincia de Granada, Espana, con
reducciones del 25 hasta el £0 % en la época de verano
(Baldera et al., 2016).

Por otro lado, la produccidn de alimentos inocuos
durante y después de la pandemia COVID-19, la fluc-
fuacion y abuso de temperatura en la cadena de frio,
representa hoy en dia un factor crucial. Esto se debe a
que, al aplicar una temperatura apropiada durante el
transporte o almacenamiento, en cada tipo de alimen-
tos estipulada en los estandares, conlleva a lograr la
calidad deseada de los productos alimenticios, y por
ende reduce el desperdicio y pérdida de alimentos
(Skawinska y Zalewski, 2022). En el periodo inicial del
COVID-19 se presentd un esquema de chogue a nivel
mundial entre la demanda y la oferta, a causa de la lo-
gistica aplicada y las condiciones climaticas, resaltando
en especial el papel de la temperatura aplicada en el
almacenamiento de alimentos (Davis et al., 2020; Hobbs,
2020). Existe un vacio de informacion e investigacion
sistematica sobre las fluctuaciones de temperatura
presentes en los alimentos a lo largo de toda la cadena
de suministro (Skawifska y Zalewski, 2022).

Por otro lado, los tipos de equipos de refrigeracion
que se emplean en los supermercados de venta
al menudeo juegan un papel crucial en el control
de la cadena de frio, como en los supermercados
considerados en este estudio, nombrados refrigera-
dores abiertos. Por ejemplo, en el estudio realizado
por Morelli et al. (2012), sugieren efectuar las
correcciones pertinentes en la calibracion, para lograr
la temperatura objetivo, ademas del correcto manejo
de los equipos por parte de personal del minorista.
Como consecuencia, y de acuerdo con los problemas
de temperatura en productos alimenticios en Francia,
donde se identificaron dos razones principales:
practicas profesionales deficientes y un mal disefo
de los refrigeradores. Las recomendaciones que
proponen para el primer problema se enfocan en
reducir los periodos de preparacion de los alimentos
y someterlos rapidamente al proceso de enfriamiento,
para evitar el desarrollo de Listeria monocytogenes en
aguellos productos sensibles. Mientras que, el disefio
de equipos, estd orientado hacia los fabricantes, con
el fin de identificar las limitaciones y propiciar un
rendimiento optimo de los equipos.

Porotrolado, el mantener losalimentos carnicos abajas
temperaturas dificultan la proliferacion de bacterias
patdgenas durante las etapas de almacenamiento
y ventas al menudeo en supermercados (Castro-
Ibafez et al, 2017). Ademas, si no se mantienen las
temperaturas adecuadas para la refrigeracidn de los
alimentos, se presenta la proliferacion de bacterias
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is also the presence of active bacteria even with low
temperatures in the cold chain (Duffy et al., 2001).

Conclusions

The cold chain management for food, particularly
for meat products is essential to reach the proper
guality and safety for consumption. In this study,
important fluctuations were recorded for meat
products in the assessed supermarkets, which have
a significant impact in foods. Also, these alterations
favor the microbiological growth and negative
changes in organoleptic characteristics. Thus, it
is important a greater training and application of
systems to adequately monitor the temperature,
Jointly adjust the maintenance and calibration
systems of refrigeration units. Finally, when applying
the temperature stated in the standard for this type
of products, the shelf life increases and safe products
suitable for consumption are generated, and the food
waste is also reduced.

End of English version
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Abstract

The cold chain represents an important apportunity for the food industry to offer food safety and quality of perishable foodstuffs,
mainly by maximizing shelf life through limiting bacterial growth. Especially meat products have a short shelf life due to their cold
chain requirements. Refrigeration equipment musi always be appropriately calibrated and monitored to provide the right tempera-
ture and ensure its correct performance. This study aimed to evaluate the cold chain at the retail link in supermarkets of the major
cormmercial chains in Mexico during 2021 and 2022 by recording the surface temperature of pork, poultry, and beef cuts in open
coolers. A general linear model was used for the statistical analysis in a completely randomized design. The study considered several
factors, such as supermarket, season of the year, position inside the refrigerator, type of meat and environmental temperafure. Cold
chain breaks were detected in certain seasons of the year, in supermarkets, and even within the refrigerator; there were differences
between positions where products were placed. The persistence of these variations in the cold chain represents a public health risk
caused by the consumption of foods because a temperature increase can lead to a rise in the microbial load of meat products. Thus,
meat cold chain requires integrated logistics management in order to maintain high quality of foods.
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Introduction

Delivering safe foods with acceptable organoleptic
characteristics is a food industry challenge due to the
complexity of the food supply chain. Around one-third
of the world’s food production is wasted for different
reasons, which adds up to about 1300 million tons per
year [L,2]. Food supply chain involves stages that can be
categorized as primary production, postharvest and stor-
age, processing, distribution, and consumption [3]. Food
wastage varies according to a link in the supply chain;
for example, wastage of up to 931 million tons has been
estimated for retail, households, and food services [4].
To minimize food wastage, shelf life of highly perishable
foods can be extended by employing different packaging
techniques. Nevertheless, usually they always need to be
kept at a correct temperature [5]. Improper cold chain
management results in a negative impact on food safety
and a significant reduction in quality, which is reflected
in economic losses, health risk, and lack of food avail-
ability [6].

Several observations in the retail sector indicate that
cold chain management in facilities appears to be the weak-
est due to reported temperature abuses in food [7]. Having
the time-temperature history is essential for food safety,
as it can be used in identifying perishable foods that have
been subjected to temperature control abuses and gives
an opportunity to timely remove them from food displays
[8] to minimize meat wastage caused by quality loss due
to improper storage [9]. Since some years ago, different
technologies have been developed which help in the cold
chain monitoring, obtaining a large amount of data used
to take pertinent actions. In this context, using the Internet
of Things (IoT) allows the implementation of monitoring
and traceability protocols by means of wireless sensors and
RFID tags, which provide data in real time [10,11].

From animal slaughter to retail sales, meat products re-
quire adequate facilities and equipment to guarantee qual-
ity and safety [12]. They are achieved through refrigeration
or freezing processes throughout the distribution chain
after slaughter until reaching the final consumer [13]. The
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cold chain is one of the main tools of the food industry, lim-
iting bacterial growth, maximizing shelf life, and reducing
food waste. This is relevant in the sanitary, environmental,
and economic areas [14,15,16]. Strict monitoring must be
implemented to preserve the cold chain integrity of sen-
sitive food products, considering the temperature hetero-
geneity within the refrigeration display [8]. However, the
cold chain must be implemented in conjunction with strict
hygiene measures during handling of meat products to re-
duce contamination with microorganisms that may prolif-
erate even under proper refrigeration temperatures, such
as Campylobacter jejuni commonly found in poultry [17].

Temperature disturbance at any step of the food pro-
duction chain represents a hazard that leads to product
spoilage. The causes are various, such as interruptions of
the refrigeration system itself, irregular temperature distri-
bution due to uneven air distribution, exposure to ambi-
ent air, and everything related to incorrect settings in re-
frigeration systems. Maintaining control of the cold chain
ensures the prolongation of the shelf life of fresh meat, so
it is essential to avoid temperature fluctuations that lead to
spoilage [18]. As a consequence, food spoilage leads to an
unacceptable level of quality caused, in many cases, by a
break in the cold chain [8]. These temperature variations
promote the proliferation of a wide variety of microor-
ganisms associated with a meat product type, which may
include Pseudomonas, Campylobacter, Moraxella, Enfero-
coccus, Psychrobacter, Salmonella, Escherichia coli, among
other agents responsible for food-borne diseases [19].

Therefore, it is essential to consider a type of food with-
in cold chain management so that refrigeration equipment
provides the appropriate storage temperature [10]. To en-
sure the quality and safety of meat products, the Mexican
authority established that meat products should be kept
under refrigeration at all times at a temperature no higher
than 4°C according to NOM-213-55A1-2018, which co-
incides with the Canadian, USDA, and FDA temperature
limit [20,21,22,23]. Derens-Bertheau et al. [24] indicated
that, along the cold chain, retail is one of the last three
stages with the highest incidences of temperature viola-
tions. These temperature violations are caused by the lack
of information and personnel training on the requirements
of the products they handle [25].

In the face of various breaks in the cold chain, it has
been indicated that the low efficiency of refrigeration
equipment can influence maintaining the target tempera-
ture, as has been observed in open-type refrigerators [26].
Supermarkets widely use this type of equipment to display
meat products in such a way as to make them accessible
to consumers, because these refrigerators have no physical
barriers and operate only with an air curtain that should
maintain the proper temperature of products [27]. Howev-
er, itis necessary to have properly calibrated equipment and
monitor its performance to avoid temperature violations
as a result of irregular distribution of airflow [28,29,30].
Despite the importance of monitoring throughout the cold
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chain, there needs to be more scientific evidence in Mexico
that specifies the state of temperature management in su-
permarket refrigerators. Therefore, this research describes
the temperature analysis in refrigerated open displays op-
erated by some major chain supermarkets in Mexico to of-
fer meat products to customers.

Objects and methods

Meat products, which temperatures were monitored
in this research, were pork, poultry, and beef exhibited in
refrigerated open displays for consumers’ pick-up in four
supermarkets located in an urban area to the northeast of
the State of Mexico, Mexico. Pork and beef were in slices,
while poultry was in whole pieces: breasts, legs, and thighs.
Temperature was measured at three positions within the
open display refrigerator: front, middle, and rear. Tem-
perature recording was weekly at the same time for each
supermarket for two consecutive years: 2021 and 2022. For
each type of meat, 606 temperature records were obtained
for an overall total of 3636 records during the whole moni-
toring. An infrared thermometer (GM320 MASIONE®,
China) was used to record the temperature, pointing to the
surface of the specific meat product. When temperatures
in supermarket displays were taken, outside environmen-
tal temperature was collected from records of a nearby fed-
eral weather station (00015125 TEXCOCO [DGE]).

Statistical Analysis

The effects of year’s season (winter, spring, summer, and
autumn), meat type (pork, poultry, and beef), supermarket
(1, 2, 3, and 4), position inside the refrigerator (front, mid-
dle, and rear), and their respective interactions were ana-
lyzed. The statistical analyses were performed using online
SAS software. The analysis of variance (ANOVA) was per-
formed considering season, position, supermarket, and
meat as fixed effects under a general linear model, using
a completely randomized design. A comparison of mean
differences (p<0.05) was performed with the LSMEANS
function adjusted to Tukey. Environmental temperature
was considered as a covariate using PROC Mixed and
SGPLOT to obtain the effect on predicted and observed
temperature in meat products. An orthogonal polynomial
test was carried out to evaluate the linear and quadratic
tendencies of the covariate (Proc Mixed) [31].

Results and discussion

All four variation sources included in the study influ-
enced (p<0.05) surface meat temperature (Table 1). Sta-
tistically significant differences were found for the effect of
year's season (p < 0.001); winter, followed by summer, were
the seasons with the highest temperatures in the products.
Regarding the supermarket effect, differences in the cold
chain management were highly marked between super-
market 1 and the rest with more than 5°C differences. In
other words, the temperature in supermarket 1 was around
L3 times higher than the mean temperature in the other
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three supermarkets. These results of variability are rel-
evant, considering that all supermarkets evaluated in this
study use the same type of refrigerator (open cabinet).

On the other hand, despite statistically significant tem-
perature differences found between different meat types,
they were tiny, showing cold chain breaks in beef. How-
ever, this is the statistical interpretation according to the
temperature means. It can be observed in the minimum
and maximum temperature data that the three meat types
showed temperatures above 4°C; the time during which
the products were subjected to these conditions is un-
known. Deficient cold chain management increases the
growth risk of possible bacteria present in the different
types of meat. Furthermore, it is necessary to consider the
ability of different microorganisms including pathogens to
grow at refrigeration temperature (4 °C), as is the case of C.
jejuni, which causes gastroenteritis and is the main cause
of Guillain-Barre Syndrome [32,33]. Upon the interpreta-
tion of statistical analysis, an effect of meat type was found
to be very close to non-significant (p=0.05). On the con-
trary, an effect of the meat product position in the refriger-
ator was significant. Temperature was rising from the rear
to the front with the highest mean temperature of 5.84°C.

Table 1. Single-effect temperature means

Variation . Signi
Levels Mean Min—Max SE. SSnificant
Season Winter 4.18 -15.90—15.40 0.11 a
Spring 395 -5.60—22.20 0.09 ab
Summer 4.09 -6.10—26.00 0.09 a
Autumn 373 -530—13.40 0.09 b
Supermarket
1 692 -1.50—14.40 0.09 a
2 268 -5.60—920 0.09 c
3 356 -6.10—26.00 0.09 b
4 280 -590—12.70 0.09 c
Meat type
Pork 384 -6.10—22.20 0.08 b
Poultry 4.00 -5.20—26.00 0.08 ab
Beef 4,12 -590—20.30 0.08 a
Positi
Front 5.84 -390—22.20 0.08 a
Middle 4.58 -3.90—26.00 0.08 b
Rear 1.54 -6.10—18.70 0.08 c

5.E. = standard error; means within the variation source with at least one
literal in common are not statistically different

As for the seasonal effect on product temperature re-
ported in this study, the highest temperature was in winter
followed by summer. It is partially consistent with the re-
sults reported in the previous study by Baldera et al. [28],
where fresh meat temperatures were higher during sum-
mer instead of winter.

Regarding open-type refrigerators, this study con-
ducted in Mexico reports differences between refrigerators
used by the supermarkets evaluated. However, the stores
evaluated by Talbot et al. [34] use different refrigerator

types. They mention that the global temperature means
of various positions in the refrigerator did not show sig-
nificant differences, but there were differences among the
refrigerator types.

An effect of a supermarket on a temperature of meat
products was analyzed. Cold chain management applied
in supermarket 1 showed concerns in the three meat types
with statistical differences; beef showed the highest tem-
perature (Figure 1). The records indicate that this super-
market’s maximum limit of 4°C was not achieved in any
meat type (p <0.01). In contrast, none of the other super-
markets recorded violations of the temperature limit speci-
fied in the recommendations by NOM-213-55A1-2018 in
the tested meat types [20].

The results showed violations of current regulations
concerning the permitted temperature for perishable
foods such as meat in the Mexican supermarkets evalu-
ated. In the same way Lundén, Vanhanen, Myllymaki, et
al. [35] reported a higher rate of temperature violations in
fish compared to minced meat, which shows that it is cru-
cial to consider a product type to implement the proper
refrigeration equipment and configuration consistently
to achieve the right temperature. Therefore, according to
Mexican legislation regarding temperature requirements
for meat products, some supermarkets evaluated in this
study sell meat that does not comply with the regulations,
and as [8,36] point out, there is a high probability that a
significant bacterial load can represent a health risk. Be-
sides, shelf life of products is reduced with each degree of
temperature above recommended.

Similarly, an effect of the position in the refrigerator
was analyzed at different retail stores. Supermarkets 1, 3,
and 4 presented temperatures above 4°C in the front po-
sition. Whereas supermarkets 3 and 4 ensured the cold
chain in the middle and rear positions, supermarket 1 did
not achieve proper temperature in any position, contrary
to supermarket 2, which successfully managed tempera-
ture in all three positions in the refrigerator (Figure 2). At
the same time, the front and middle positions in the re-
frigerator showed temperature fluctuations that were out
of the norm in all-year seasons (Figure 3). Based on this
observation, it has been confirmed that monitoring of re-
frigeration equipment is essential to verify that it is cor-
rectly calibrated, since uniform temperature distribution is
crucial to avoid disruption of the cold chain [37].

Temperature deviations in meat products can drasti-
cally affect food quality and safety, influencing meat struc-
ture, fracturing muscle fibers, and water loss [38]. It is of
greater relevance, considering that various pathogens can
be present in meat products, including E. coli [39]. In a
study conducted in Slovakia, where the microbiological
quality of ready-to-eat foods was evaluated, Lopasovsky et
al. [40] indicate that one of the main concerns in reducing
food losses and public health risks focuses on maintain-
ing control of refrigeration at all stages of the cold chain,
thereby preserving control of food safety and quality. Due
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Temperature(*C)

Pork Foutry Beef

Meat type
Figure 1. Temperature means of the three meat types
in the supermarkets

to cold chain breakage, bacteria colonies increase, and the
product’s spoilage is accelerated. It is reasonable to assume
that there is the probability of cross-contamination during
different stages of carcass processing after slaughter [41].

Cold chain breaks at retail distribution, particularly by
supermarkets, can be attributed to a refrigerator type. Su-
permarkets often use open refrigerators, such as those ex-
amined in this study. This equipment facilitates consumer
access to the products. An air curtain flow is used to pre-
vent heat transfer from the environment. However, in many
cases, it proves inefficient, having problems with maintain-
ing the correct temperature at the front position as it is in
the rear. Therefore, using refrigerators with doors, in many
cases, helps to reduce this problem [27]. Likar and Jevénik
[42] reported that despite temperature fluctuations during
food storage, retail stores did not have the corresponding
documentation and system to control the cold chain. At the
same time, this study shows that retailers are not well-
informed about the importance of the food cold chain.

The cold chain monitoring in the three meat types
showed breaks due to diverse factors related to a super-
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Figure 2. Temperature means of the three meat types
in different positions in the refrigerator in the supermarkets

market. With the reference 4°C limit for meat products
[20], a significant violation of up to 3.48°C was report-
ed for supermarket 1 during autumn; nevertheless, tem-
perature fluctuations were observed during all seasons
of the year (Figure 4). In this scenario, supermarket 3
had problems with maintaining its cold chain during the
winter and spring. Considering the influence of the envi-
ronmental temperature used as a covariate in the present
study, it is possible to affirm its impact since it was found
to have a linear effect (p<0.0001), where it is predicted
that for each 1°C increase in environmental temperature,
the meat products increase their temperature by 0.93°C.
However, a quadratic effect was also found, where the
maximum point is predicted at 20.4 °C, and subsequently,
meat product temperature is reduced by —0.02°C for each
17C increase in ambient temperature. This phenomenon
was observed in the four supermarkets (Figure 5). Figure
5 shows the general panorama that varied in each super-
market only in the temperature values of meat products
kept, exceeding the values predicted and permitted by
Mexican regulations.
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This study did not evaluate an effect of a type of refrig-
erator used in the supermarkets (open or closed) on the
cold chain. However, the difference in temperature control
can be observed in the present study, given that supermar-
ket 3 changed its open refrigerator display for refrigeration
equipment with doors in the poultry (Figure 6A) and beef
(Figure 6B) section at the beginning of August 2022, It can
be observed that, after this date, the maximum tempera-
ture limit of 4°C established by Mexican regulations was
not exceeded during the rest of the study contrary to pork
(Figure 6C), which remained on open shelves and showed
temperature violations throughout the monitoring period.
Bruckner et al. [43] noted that short temperature increases
in fresh pork and poultry meat led to spoilage patterns that
reduced shelf life during storage and influenced the growth
of Pseudomonas spp. in these types of meat.

Consequently, it is necessary to have continuous temper-
ature monitoring and temperature data exchange through-
out the supply chain of products that are highly perishable
to predict the remaining shelf life [44]. Nastasijevi¢ et al.
[45] highlighted that meat is a fresh product with a short
shelf life, so cold chain management is crucial to maintain
quality and safety. To achieve successful management, re-
tail establishments require special attention to weak points,
such as the size and capacity of cold rooms, the initial tem-
perature of incoming meat, the dimensions of cabinets, the
procedures applied in meat handling, environmental tem-
peratures, location of refrigeration equipment, light, and
ventilation, among others [45]. Poor cold chain manage-
ment can result in food waste and economic losses [46].
In the case of developing countries, food wastage may be
mainly due to poor refrigeration infrastructure. Therefore,
investment in better refrigeration can improve food avail-
ability and quality [46].

As for developed countries, large percentages of food
waste are reported at the consumption stage [46]. However,
it is estimated that 12% of the production of countries such
as the USA, Canada, Australia, and New Zealand needs to
be recovered during distribution and retailing [47]. For
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Figure 6. Effect of the change of refrigeration equipment
in supermarket 3

food business operators to maintain effective temperature
control of refrigeration equipment, it is necessary to know
precisely about the type of equipment operating in the cen-
ters and, equally, the temperature parameters of the prod-
uct, equipment alerts, and the situation, in which they are
activated to solve the problem promptly [35]. Then, tem-
perature monitoring must be performed on both the re-
frigeration equipment and the product it contains because
there may be unfavorable variability between them [25].

Thus, temperature control in retail store refrigeration
equipment is essential to avoid violations, particularly in
the most sensitive products that require low temperatures
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in storage processes. Undoubtedly, the use of an open re-
frigeration equipment represents a challenge to maintain
proper temperatures [48], in addition to their inefficient
use of electrical energy [49]. Therefore, a poor design of
the equipment causes difficulties in maintaining the cold
chain of every product and induces instability in tempera-
ture management in this type of equipment. Thereby, regu-
lar maintenance is required to ensure the recommended
long-term performance.

It should be remembered that the cold chain not only is
a tool to limit the growth of pathogenic bacteria, but also
reduces the growth of microorganisms that deteriorate the
product, thus maximizing its shelf life and reducing food
wastage [50]. The magnitude of food waste produced world-
wide has already been discussed, and its control has been a
topic of great interest during the last decades because it can
contribute to achieving another sustainable development
objective [1]. However, food wastage needs to be addressed
according to a geographic region, given that wastage ex-
ists worldwide but at different stages and magnitudes. In
the case of Latin America, large amounts of food are lost
in production, handling and storage, distribution, and con-
sumption [51], attributed mainly to inadequate handling
practices and food knowledge [52], such as the case of defi-
cient cold chain management observed in this study.

Furthermore, climate change greatly influences food
wastage at different stages. For the cold chain, the main im-
pact is related to higher environmental temperatures, giv-
en that, at higher temperatures, it is a greater challenge to
maintain the temperature within the established limits [53].
This problem is prevalent in developing countries, where
infrastructure deficiencies such as refrigeration equipment
have been detected [52]. Finally, it is important to highlight

that several supermarkets use open refrigerators in the meat
product areas, which do not have doors and, therefore, op-
erate with an air curtain that prevents air and humidity
from coming into contact with the products. Nevertheless,
they could be inefficient in maintaining the cold chain and
power consumption compared to equipment with doors,
allowing for energy savings of 20 to 70% [27]. A sugges-
tion put forward by Ashraf and Alanezi [54] indicate that
a smart refrigerator would have the possibility to provide
concrete information on food safety and leftovers.

Conclusion

This study detected significant temperature increases in
major supermarket chains operating in Mexico. Only super-
market 2 achieved temperature means that complied with
the Mexican regulations in force regarding different effects
considered in the statistical analysis. All the other supermar-
kets showed temperature abuses for at least one season of
the year, position in the refrigerator, or meat type. Particu-
larly, the front position in the refrigerator showed the high-
est temperature abuses. The season of the year, related to the
environmental temperature, may affect the performance
of refrigeration equipment, and can lead to an accelerated
growth of microorganisms. Finally, retailers face challeng-
es in adequately managing refrigeration systems to guar-
antee the safety and quality of meat products. Knowledge
of the product’s temperature range is necessary to choose
the appropriate refrigeration equipment to ensure the cold
chain integrity. In general, refrigerators with doors are rec-
ommended for better temperature control, as observed in
supermarket 3, or the constant monitoring of open refrig-
erators to calibrate whenever necessary. High-quality meat
products require integrated cold chain management.
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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.
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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:

Percentage * (100 — percentage)

P taje
(Porcentaje + \/ 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)

General Hygienic-sanitary parameters

. 1 2 3 4 5
Category (pr > Chi Sq) very bad bad moderate good Very good
Service area cleanliness
Cleanliness (Floor, surface) 1.23+4.95° 7.43+4.79° 90.35+1.55% 0.99%4.95°
Products in cold chain aé‘:;f 1.73+4.93¢ 27.73+4.23 67.57+2.832 2.72+ 4.90°
Employee cleanliness
If in uniform 0.74+4.95% 14.60+4.60° 32.67+4.08° 49.76+3.53% 2.23+4.92¢
Condition of uniform 1.24+4.95¢ 40.10+3.85" 58.66+3.202
Cleanliness 13.37+4.63 86.63+1.822
Handling room
If order of tools and materials 3.11$4.92° 18.18+4.42" 78.71%2.30%
exists
2';;22; at%fne g, 5.20£4.85° 17.32+4.52" 77.48+2.36
Equipment
Cleanliness 4.46+4.87° 95.54+1.05%
Service area
Cleanliness 0.50+4.99° 5.44+4.84° 94.06+1.212
Self-service area
Cleanliness 0.50+4.99° 5.20+4.85° 14.10+4.61° 79.70+2.242 0.50+4.99°
Working of cold displays 7.93+4.77° 22.52+4.38% 29.70+4.172 29.70+4.172 10.15+4.72°

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.

. . Service . "Hygienic-
Supermarket Handling room Equipment area Self-service area sanitary
parameters
10 NM CL CL CL WCH
S1 21.78+8.80° 1
1.98+9.85P 67.33+5.69? 2
7.9249.55° 12.87+9.29° 0.99+9.9° 3.96+9.75° 1.98+9.85° 9.90+9.44¢ 3
92.08+2.80* 85.15+3.83% 99.01+0.99* 96.04+1.98% 98.02+1.402 4
0.99+9.90°¢ 5
S2 1
2.9749.80° 11.88+9.34° 2
27.72+8.46° 28.71+8.40° 4.95+9.70° 1.98+9.85" 0.99+9.90° 21.78+8.80° 3
69.31+5.51? 59.41+6.34® 95.05+2.212 98.02+1.40% 99.01+0.99* 61.39+6.182 4
16.83+9.07° 5
S3 1.99+9.85¢ 8.91+9.50% 1
6.931£9.60° 3.9649.75° 1.98+9.85° 19.8b+8.91° 16.83+9.07" 2
35.64+7.98° 25.74+8.57° 10.99+9.43Y 12.87+9.29" 42.57+7.54% 52.48+6.862 3
57.43+6.492 70.30+5.422 89.11+3.28% 85.15+3.83% 33.66+8.10®* 4.95+9.70¢ 4
1.98+9.85° 16.83+9.07"° 5
S4 0.99+9.90°¢ 1
2.97+9.80° 0.9949.90° 5.94+9.65° 2
3.969.75° 1.98+9.85° 0.994+9.90° 2.97+9.80° 10.89+9.39° 34.65+8.04° 3
96.04+1.98% 95.05+2.21% 99.01+0.992 97.03+1.71* 88.12+3.43* 52.48+6.67° 4
5.94+9.65°¢ 5

I0=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 Golet (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.

*Hygienic-
Supermarket Service area cleanliness Employee pasrzr;;t:tré/rs
CL CCH U C CL

S1 1
0.99¢+9.9¢ 1.98+9.85°¢ 2
5.94+9.65°  19.80b+8.91° 17.82+9.02° 18.81+8.97° 8.91+9.50° 3
94.06+2.43% 79.21+4.54*  74.26+5.05% 81.19+4.32% 91.09+2.972 4
5.94+9.65 5
S2 1.98+9.85° 1
48.51+7.14% 3.96+9.75° 2
5.94+9.65°  16.83+9.07°  42.57+7.54% 80.2+4.43%  17.82+9.02° 3
93.07+2.622 81.19+4.322  6.94+9.60°  15.84+9.13" 82.18+4.202 4
0.99+9.90>  1.98+9.85° 5
S3 0.99+9.90°¢ 1
4.95+9.70>  5.94+9.65° 2.97+9.80° 2
12.87+9.29* 55.45+6.64%  40.59+7.67° 34.65+8.04° 14.85+9.18° 3
81.19+4.322 34.65+8.04°> 55.45+6.64* 65.35+5.86% 85.15+3.83? 4
0.99+9.90>  2.97+9.80° 0.99+9.90°¢ 5
S4 0.99+9.90° 1
4.95+9.70°  0.99+9.90° 2
4.95+9.70°  18.81+8.97°  29.70+8.34° 26.72+8.51° 11.88+9.34° 3
93.07+2.622 75.25+4.95%  62.38+6.10% 72.29+5.24® 88.12+3.43% 4
1.98+4.02°  5.94+9.65° 1.98+9.85°¢ 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).

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
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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
guality 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
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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 Logio CFU
(colony-forming units). Furthermore, the total coliform count was detected between 1.60 and 3.25 Logo 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
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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 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, 3M™ 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-TO0).

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 = p + T(Rep)ij + Mk + Pl + (M * P)kI + «ijkl
Model (2)
Yij = p+ Ti+ Cov(Bi — B0) + eijkl
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Where: Y=Logio (CFU of mesophiles, E. coli, Coliforms); Ti= effect of i-th sampling time; T(Rep)= effect of
i-th time into j-th run; M= effect of k-th market; P\=effect of I-th refrigerator position; (M*P)= interaction
among M and P factors; Cov= DifTmin and DifTmax; &jju= 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 (R?) and adjusted (adj-R?).

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 Logio CFU
of aerobic mesophiles/g of meat from supermarkets 1, 2, and 3, respectively (jError! 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/cm? in daily mean for minced meat or 3.7 Logio 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.

Figure 2. Aerobic mesophiles counting.

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 (jError! 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
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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.

Negative Positive

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 108 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 0157: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 Logio/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 Logio (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.

Figure 4. Red colony with gas = coliform, blue colony with gas = E. coli.

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

markets.
Market Position Aerobic E. Coli® Salmonella* Coliforms**
mesophiles**

1 Front 6.55% 94,78 1.01° 3.252

Middle 5.58° 63.92 1.01° 2.57¢

Rear 4.90° 0° 1.392 2.38°

2 Front 5.17% 37.0% 1.39° 2.14¢

Middle 4.97° 0° 1.392 1.604

Rear 5.54b 28.9%¢ 1.01° 2.20°

3 Front 5.56° 47.8° 1.01° 2.962

Middle 5.62° 49.7° 1.01° 2.71°

Rear 5.40° 0° 1.392 3.04%

P-value

Market 0.08 0.13 0.02 <0.0001
Position 0.05 0.005 0.02 0.0005
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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. **Log:0CFU/g of meat. 2CFU/g of meat

Microorganisms across time

Ranges from 2.97 to 7.05 Logig CFU, 10.1 to 81.4 CFU, and 2.11 to 2.9 Logioc 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 ). 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 DIifT 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 market

Time (d) Aerobic E. coli ? Salmonella* Coliforms**
mesophiles**
0 2.97¢ 48.0° 1.15 2.11°
3 5.65b¢ 81.42 1.15 2.71°
6 5.24¢ 46.7° 1.15 2.72°
9 6.07° 4.50¢ 1.15 2.90°
12 7.05° 10.1° 1.15 2.72°
P-value
DL <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

Ytrends 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

72



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.

E.coli| Salmonella Coliforms Storage (1t d) Storage (2" d) Sampling (3t 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
Pvalue 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
[71.

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 ilinesses 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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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.

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

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. DISCUSION 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 revision de literatura en este estudio indicé que en todos los eslabones de la
cadena de frio se han presentado incrementos de temperatura por arriba del
limite establecido. Por ello, a pesar de que la cadena de frio es la principal
herramienta de este mercado, alternativas como cubiertas de acetato de polivinilo
en limones, indican que es posible reducir la tasa de respiracion y produccion de
etileno en limones sin presentar riesgos a la salud para el consumidor (Chinchkar
et al., 2025).

En el mismo sentido, los productos carnicos tienen mayor susceptibilidad a
microorganismos patdgenos, ademas de aquellos que promueven el deterioro.
Entonces, un estudio recientemente demostré que la aplicacion de emulsiones
con extractos del alga Furcellaria lumbricalis, quitosano, aceites esenciales y
péptidos bioactivos logré6 maximizar la vida Gtil de carne de cerdo mas de 5 dias
al reducir el crecimiento de diversos microorganismos, siempre y cuando se
mantengan en refrigeracion de maximo 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 reduccion de enfermedades, desperdicio de alimentos,

economia e inclusive en la produccion de gases de efecto invernadero.

Considerando entonces la importancia de la refrigeracion de alimentos
perecederos, se confirmd que al igual que sucede en diversos paises y eslabones
de la cadena de frio (Arriaga-Lorenzo et al., 2023), la venta de carnicos al
menudeo en la zona muestreada presenta serios problemas de gestion de la
temperatura, destacando que las rupturas de la cadena de frio pueden ser
influenciadas por la época del afo, el centro de distribucion y la posicion en la

gue se encuentre el producto dentro del refrigerador. Estos fenomenos fueron
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similares a los encontrados por Baldera et al. (2016), quienes detectaron las
rupturas durante el verano y en la posicion superior del refrigerador, mientras que

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

El aumento de la temperatura de la carne representa un importante riesgo a la
salud humana, durante esta investigacion se observaron temperaturas de mas
de 2 °C por arriba de lo que estable la normatividad mexicana (DOF, 2019), la
sensibilidad de los posibles microorganismos presentes en los carnicos les
permite reproducirse y reducir la vida de anaquel con cada grado centigrado que
aumenta; el riesgo a la salud del consumidor es latente al asumir la presencia de
patégenos, por lo que el monitoreo y estricto control de la cadena de frio debe
realizarse en todos los eslabones (Almonacid-Merino & Torres, 1993; Raab et al.,
2011).

Analizando de forma visual las diferentes areas de los centros de distribucion
considerados en esta investigacion, fue evidente la deficiente gestién de la
temperatura, pero para la limpieza en su mayoria si se encontré6 en buenas
condiciones. No obstante, la inocuidad y calidad de los alimentos no depende de
sélo un factor, es necesario poner atencién 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 &reas de manipulacion
directa como las salas de despacho, donde existe mayor riesgo de contaminacién
de los alimentos (Nyamakwere et al., 2017), en las cuales se detectaron malas

practicas en algunos de los sitios muestreados.

La contaminacion de los carnicos ademas 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 zoonético se esparcen
principalmente por la leche, carne, huevo, etc., e incluyen a Salmonella spp., E.
coliO157: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 contaminacién
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 Logio CFU de mesdfilos aerobios, y aunque la
normatividad mexicana (DOF, 2019) no determina un limite maximo para estos
microorganismos, en la Unién 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 paises.

Microorganismos que si se consideran en la normatividad mexicana y que se
evaluaron en este estudio son E. coli y Salmonella; esta ultima fue encontrada en
todos los supermercados evaluados, pero no en todas las muestras. Un aspecto
importante para mencionar es que no se detecto a nivel de especie. No obstante,
la normatividad no especifica presencia de especies, ademas de que muy pocas
especies de este género se han descrito, por lo que el riesgo esta presente (Wang
et al., 2024). México requiere mejorar sus practicas 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 poblacion (Cabrera-Diaz et al., 2013;
Heredia et al., 2001).

Por otro lado, México establece un limite maximo 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 metodologia
utilizada en este estudio no permitié identificar hasta el nivel serotipo, por lo que
estudios posteriores se requieren para aclarar esa interrogante. Variaciones en
la concentracion de E. coli en carne han sido encontradas en México, aunque en
otro estudio no se detecto la presencia del serotipo O157:H7, pero si detectaron
la relaciéon de mayor carga bacteriana con el aumento de la temperatura, lo que
sugiere la necesidad de mejorar los sistemas de refrigeracibn o monitoreo
(Jiménez et al., 2012).
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8. APENDICE

A continuacion, se presentan los resultados obtenidos de las actividades de
retribucion social realizadas durante el doctorado.
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Abstract
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Cold chain systems, aswell as food safety and quality management systems, constitute tools used to prolong the shelflife of
perishable products. Refrigerated storage conditions avoid development of pathogenic bacteria and other microorganisms
that are associated with meat spoilage. This study aimed to determine cold chain management of fresh pork meat in four
supermarkets located in Texcoco de Mora, Mexico. The surface temperature of the product located in different positions
inside the self-sewice refrigerators of the supermarkets was recorded. A mixed model with repeated measurements over
time and a completely randomized experimental design was used to analyze data. Results indicated that three of the four
supermarkets that were evaluated exceeded the limits of ternperature established by the Mexican regulation NOM-213-
S5A1-2018. Low efficiency of refrigeration equipment and poor implementation of good management practices by the
operator can be related to these temperature abuses. Non-compliant supermarkets are not able to ensure the quality of

their products, essentially in terms of food safety.

P Keywords: Bacteria, food safety, quality, spoilage, temperature.

Introduction

Perishable products, such as fruits, vegetables, and meat
products, have a relatively short shelf life if there are not
properly handled and stored. The conditions prevailing
during these stages are determinant on the type of micro-
organisms responsible for product speilage (Koutsoumanis
and Sofos, 2004). According to FAO and WHO (2003), the
main outbreaks of foodborne diseases are mainly related
to pathogenic microorganisms. Storage temperature is
considered as the main factor affecting safety and quality
in meat products, because it prevents bacterial growth and,
therefore, sensory characteristics associated with spoilage
(Casaburi, et al., 2015; Merdier, et al., 2017).

Controlling temperature, keeping it within the appropriate
range for each product from processing to consumption,
is the basis of the cold chain (Merdier et al., 2017; Tacukis
et al., 2016). Bacterial growth dynamics are subject to the
temperature range required for optimal growth. Thus, some
species have the ability to reproduce even under refrigerated
conditions, as is the case of some strains of Psendomonas,
becoming one of the main groups responsible for meat
spoilage under these storage conditions (Rawat, 2015).

NOM-213-55A1-2018 establishes that meat products with
a moisture content greater than 35% must be kept at a
temperamure lower than 4 °C. Retail distribution centers
are considered a critical control point in many cold chain
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management systems, because the displays in these
types of establishments generally have low efficiency
in maintaining the proper temperature. This promotes
temperature abuses at the recommended limit, which, in
turn, generates product weight losses, decreased quality
and shelf life (James and James, 2014; Mercdier et al., 2017).
Therefore, the objective of this research was to determine
the cold chain management in fresh pork meat in four
supermarkets in Texcoco de Mora, Mexico.

Materials and Methods

TE'I'I']PEFE['I.I]‘E measurements

A total of 288 temperature records of fresh pork meat lo-
cated in the self service refrigerators of four supermarkets
in the city of Texcoco de Mora, Mexico, were taken on
Sundays from July to December 2021. Twelve measure-
ments were taken each month, per supermarket, each one
measured on the surface of the pork packaging, whose
locations inside the refrigeration equipment were fromnt,
middle, and rear. Temperature was measured using an
infrared thermometer (MASIONE GM320).

Data analysis

Mean differences between refrigerator positions were
aggregated using the Student’s t-test The average tem-
perature was determined and compared to the tempera-
ture requirement for meat products stipulated in NOM-
213-55A1-2018.

Results and Discussion
Monthly temperatures for the front, middle and rear

positions are shown in Tables 1, 2 and 3, respectively.
Mean temperatures were compared with the NOM-

213-SSA1-2018 standard, which indicates that fresh meat
products should be kept at a storage temperature no
higher than 4 °C.

Table 1 corresponds to the frontal position. Mean monthly
temperature reports indicate that, of the supermarkets
analyzed, supermarkets 1, 3 and 4 failed to maintain the
cold chain, since in all three cases the temperature was
found to be higher than 4 *C. Supermarket 2 was the only
one that had a lower risk level, because, although it was
found outzide the permitted range, its temperature was
very close to that spedfied in NOM-213-55A1-2018, and
lower compared to the other supermarkets (P < 0.05),
especially with the one identified as 1, which was found to
be 5 °C above the established requirement.

As for the middle position (Table 2), temperatures of
supermarkets 2 and 4 indicated they met the standard
properly. Even when there were no statistically signifi-
cant differences between supermarkets 2, 3 and 4 (P >
0.05), the mean of supermarket 3 was 0.18 °C above the
allowed temperature level because, for three of the six
months sampled, it was at least 1 "C above the reference
document. However, its risk level was lower than that of
supermarket 1, because its average was almost 6 °C above
the maximum allowed.

Finally, Table 3, corresponding to the rear position, shows
that, according to the mean of the supermarkets per month,
most of the establishments evaluated correctly maintained
the cold chain, because they maintained the temperature
specified in the standard. However, according to the mean
temperature of supermarket 1, it showed the highest tem-
perature (P < 0.05), compared to the other supermarkets,
because it was outside the range, with 1.39 °C above the
permitted limit Temperature was only maintained within
the required range in the month of September.

Table 1. Monthly surface temperature (*C) of pork meat exposed in the front position of four supermarkets in Texcoco de Mora, Mexico, from

July to December 2021.

Month
Supermarket Mean
July August September October November December
1 1065 0.58 878+ 1.05 79: 1.1 10.04+ 1.04 9.83+ 090 9.53=1.19 9452
1 188+ 086 402+ 041 428+ 1.39 424+ 038 4.73= 028 44035 408b
3 768+ 1.42 502+ 118 7Bz 146 T.04+ 1.44 B75+ 095 103+ 1.14 665 c
4 5.60+ 1.22 651+ 1.34 430+ 1.83 456076 543+ 060 560+ 172 533 b
Mean 670 6.08 6.7 6.6 718 5.64

Means with ar least one le1es in Common e A0t statistically differeat (P= 005)
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Table 2. Monthly pork surface temperature (*C) placed in the average position of four supermarkets in Texcoco de Mora, Mexico, from July

to December 2021.

Month
Supermarket Mean
July August September October MNovember December
1 11.23+ 069 9.84+ 079 825+ 111 1036+ 1.30 975+ 013 1013=1.14 993 a
2 143179 276+ 091 411+ 111 2184= 066 3= 151 110+ 0.98 178 b
kS 1.38= 166 2198+ 1.07 555+ 1.68 512+ 1.30 5.33: 093 2175+ 049 4180
4 0.88= 128 128+ 1.92 345+ 197 1.96=1.53 153+ .14 4.65+ 177 161k
Mean 413 4.47 5.37 Eiiy 4.98 516

Mreans wilh ar 1east o0 IeTes i Conbmon 3t A0L STEArSHCAllY different (P < 005)

Table 3. Monthly temperature [°C) of the pork surface exposed in the back position of four supermarkets in Texcoco de Mora, Mexico, from

July to December 2021.
Month
Supermarket Mean
July August September October November December
1 648+ 0.82 470+ 094 348:1.13 6.0= 1.08 5,65+ 0.76 605+ 1.25 5192
2 -0.03: 1.8 0.86=1.11 0.80= 0.95 170+ 0.85 0.38=1.48 173104 09 b
3 <190+ 218 -0.88+ 098 030+ 1.39 0.50= 0,65 0.55= 079 -1.13= 0.89 -043 b
4 -0.68= 1.26 022111 1.25+ 1.86 1.26= 1.08 195+ 0.47 0.35+ 2.21 073 b
Mean 097 123 146 237 213 175

Means wilh ar 12ast o0 ITIes i oMo e 01 SErSHcally different (P < 005)

Similar results from this research have been reported in
other studies regarding retail establishments selling per
ishable products, which correspond to one of the weakest
elements in the cold chain. This is because the refrigera-
tors where the products are exhibited are generally not the
most efficent to preserve them, allowing temperature
abuses over the recommended limit (Mercier et al., 2017;
Nychas, Skandamis, et al., 2008). Authors from different
countries have also confirmed this. Derens-Bertheau, et
al., (2015), Morelli, et al., {2012) and Villeneuve, et al,,
(2002) conducted different smdies in France, reporting
that position, shape, and size of the product influence tem-
perature variation in retail stores, with abuses of up to 6 °C
above the established limit. In these studies, variations
have been associated with the effidency of refrigerators
and handling by store employees. On the other hand, Likar
and Jevinik (2006), in Slovenia, noted that in retail esab
lishments, greater preference is given to the appearance
of the product over the processes that ensure its quality,
emphasizing hygiene and management of the cold chain.

The position of products inside the refrigerator has been
the subject of study due to its impact on product tempera-

Current Topics in Agrenomic Science | 11

ture differences. Baldera Zubeldia, et al., (2016) obtained
similar data to the present research after analyzing the
temperature of fresh meat during winter and summer in
different supermarkets in Andalusia, Spain. The authors
found that the season of the year and the positon inside
the refrigerator are highly related to temperature abuses
and that 38.5 % of the analyzed sites did not meet the
requirements in the “top” position during summer, while
in winter it decreased to 16.7 %. Meanwhile, the “lower”
and “middle” positions had smaller deviations.

These studies have highlighted that the front position
is the one that shows the greatest deviadon from the
adequate range. Thesze data coincide with the results
obtained in the front position of this research (Table 1),
where three of the four supermarkets analyzed were above
the established limit. On the other hand, the middle and
rear positions also showed deviations, although of smaller
proportion than the front position.

Morelli et al. (2012) associated the relatdonship of tem-

perature variation to type and use of the refrigerator and
to the handling practices carried out by workers directly on

Vol 2, issue 2, |uly-December 2022
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the product. In the present investigation, the refrigerators
analyzed corresponded to the “open display™ or “multi-
story cooling cabinet” type, which are in contact with the
environment next to the refrigerator. Hundy, et al. (2016)
highlighted that this type of refrigerators are based on an
air curtain that maintains the products at a temperature
determined by the operator. However, even with good
management, they are not the most effident, because
they tend to have deviations due to temperature gains
from the environment.

Temperature abuses have several implications on per
ishable products, mainly on their quality. According to
Yang, et al. (2021), the increase in temperature favors the
degradation of musde proteins, decreasing water reten-
tion capadty and, consequently, increasing fluid loss.
Huff Lonergan (2009) indicated that this phenomenon is
particularly important because it modifies the visual accep-
tance by the consumer and reduces the nutritional quality
of the product, since water, iron and proteins are lost in
this liquid, mainly assodated with the color of the meat.

On the other hand, Nychas et al. (2008) indicated that tem-
perature abuses contribute to spoilage by microorganisms.
Studies by Bruckner, et al. (2012), Koutsoumanis, et al.
(2006) and Tang et al. (2013) agreed that storage tempera-
ture variations greater than 4 "C considerably decrease the
shelf life of products, due to increased bacterial growth.
These studies highlighted that, under these conditions,
Pseudomonas is the main bacteria that dominates over
Brochothrix thermosphata, lactic acid bacteria and Entero-
bacteriacere. According to Casaburi et al. (2015) different
species of the genus Peeudomonas produce a wide range of
volatile organic compounds (VOCs), associated with the
characteristic odor of spoiled meat, which in turn lead to
the rejection of the product by the consumer.

The presence of pathogenic bacteria associated with
foodborne illnesses can also occur following temperature
abuszes. Maintaining the cold chain reduces biological risks
by these bacteria; however, it is essental to use a preven-
tive approach by properly implementing good hygienic
and distribution practices (Betic, et al., 2019). According
to Raab, et al. (2011), staff training on issues related to
quality and safety of perishable products is essential. In
addition, temperature management, monitoring and
control is equally relevant, using alternatives that facilitate
itz implementaton, for example, the use of temperamre
indicators over dme, or wireless technologies or the radio
frequency identification system (RFID). Michael and Me
Cathie {2005) reported that the use of the RFID system
contributes to greater efficiency in temperature, bacterial
growth, and quality monitoring processes. Furthermore,
thiz system assures the use or consumption of products

before the end of their shelf life.

Current Topics in Agronomic Science

Conclusions

The four supermarkets evaluated must correctly manage
their cold chain, because they are not fulfilling the terms
established by NOM-213-5841-2018, spedfically in the
section corresponding to storage conditions. These su-
permarkets showed temperature abuses during the com-
mercialization of fresh pork, showing that the rear area of
the refrigerator is the safest in terms of maintaining the
temperature within the appropriate range. It is suggested
to continue the research with the objective of determining
causes and possible corrective actions for these tempera-
ture abuses that occur in these meat retail centers.
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1. AMBITO DE APLICACION
o Este documento proporciona conocimientos al personal que participa en
la produccién de alimentos y al pablico en general.
o Lainformacion del manual apoya en la produccion de alimentos para que
no causen dafio al consumidor.
o Las practicas y controles de higiene son necesarias durante todas las
etapas de produccién de los alimentos.

2. INTRODUCCION

Este manual contiene la informacién necesaria que requieren las personas
dedicadas a la produccion de alimentos en general. Es indispensable que este
grupo ponga en practica las acciones propuestas en este folleto para garantizar
gue los alimentos en venta sean seguros para los consumidores.

Uno de los principales problemas de salud publica son las enfermedades
transmitidas por alimentos. Para evitar la contaminacion 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 preparacion de alimentos. Para ello, se discute informacion base en la
inocuidad de los alimentos, con conceptos generales y practicos.

3. OBJETIVO

Este manual esta disefiado para personal que maneja alimentos y tiene como
objetivo proporcionar herramientas necesarias y con principios basicos de las
buenas practicas de higiene.
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DEFINICIONES

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

Contaminante: Cualquier agente biolégico, quimico o fisico, materia extrafia
u otras sustancias no afiadidas intencionalmente a los alimentos que puedan
afectar la inocuidad de los alimentos.

Contaminacion: Introduccion o presencia de un contaminante en un alimento
o0 en el entorno alimentario

Inocuidad: Garantia de que los alimentos no causaran efectos dafiinos a la
salud del consumidor.

Desinfeccion: Reduccién de la cantidad de microorganismos vivos en las
superficies, agua o aire a niveles que no afecten la inocuidad de un alimento.
Limpieza: Eliminacion de tierra, residuos de alimentos, suciedad, grasa u
otros materiales que deben ser retirados antes de realizar la desinfeccion.
Contaminacion cruzada: Transferencia de contaminantes de un alimento
contaminado, a otro que no tiene ninguno.

Desinfectar: Eliminacion de contaminantes no visible de las superficies al
usar productos quimicos desinfectantes, agua caliente, vapor.

Superficie de contacto: Todo lo que estd en contacto con productos
alimenticios, incluyendo equipos, utensilios, manos del personal durante su
manejo.
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Evidencia del taller impartido a estudiantes de la Universidad Auténoma

Chapingo
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Posgrado en Produccion Animal

Taller de capacitacion en
Buenas Practicas de Higiene

Ema Maldenade Siman

Pedro Arriaga Lorenzo

Universidad Autonoma Chapingo A W

1. AMBITO DE APLICACION

v El documento proporciona conocimientos al personal que participa en

la produccion de alimentos y al publico en general.

¥" La informacion apoya en la produccion de alimentos para que no

causen dafio al consunudor.

v Las précticas y controles de higiene son necesarias durante todas las

etapas de produccion de los alimentos.

94



2. Introduccion

1. Los manipuladores de alimentos 2. Realizar acciones de mejora para
requieren de informacion.

garantizar que los alimentos en

venta sean seguros para los consumidores.

Foame: 1- Mapfre. (2023) ;Cemo eviter ol Comtagio e b Manpulacion y Proparacion 8 Alimantos?
2- CSA sommidad alimentaria. (2024) Busnas practica: para b nenipaiacicn de alimeatos.

Cinco sintomas sever os causados por alimentos contaminados

[ Tiene cualquiera de estos sintomas? Si es asi, vaya al doctor

Fuente: Arfmgron wrgnia. 2024. Foodborne Tiess (Food Posonng)
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Aplicar medidas higiénicas

Guantes desechables

Zapatos apropiados

Fucots: Usilaver Food Soluticns. (2024). Parsoml Hygians Kachen Safey Tips

3. OBJETIVO

U Discutir este manual de buenas practicas de higiene disefiado para
personal que maneja alimentos con:
(' Herramientas necesarias
{ Principios esenciales de las buenas practicas de higiene

L Importancia del trabajo del personal
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4. Definiciones

A SENASICA
ﬁ U.S. FOOO & DRUS T
» COFEPRIS

P

1.Autoridad competente:

2. Inocuidad: Garantia de que los

Organismo oficial del gobiemo alimentos no causaran efectos
que aplica leyes de inocuidad en dasiinos a1a:salud del
los alimentos, y organiza PN ey
controles oficiales.
Foames: 1-Food memifchming, (2024). FDA. Maxican Coumerparts Advance Food Sabty Parmenkin.
2- Encolombia (2023). Contaminacion ds los Almantos y sus Esctos

¢ Como se Contaminan 4. Definiciones

los Alimentos?

Tipos de Contaminanios

[Fisicos ] [(Quimices ] [ Biolegicos)

N *
Direporadifos V-
3. Contaminante: Peligro por agente
biolégico, quimico o fisico. materia

extrafia u otras sustancias no
afiadidas intencionalmente a los
alimentos.

Fueto: 3. Praserest. (2021). Tipos de Contamenantor do Alimextos.
4. Milgar-Enpiors profsioml (2022). Contammacien Alimaros!!

4. Contaminacion: Introduccion
o presencia de un
contaminante en un alimento o
en el entorno alimentario.
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4. Definiciones

A z

DESINFECCION

D ettt i o

S.Desinfeccion: Reduccion de la
cantidad de microorganismos
vivos en las superficies, agua, aire
o alimentos.

Fuams: 5- Malgar-Torpoeea profesiomal (2022). ;Qus es desinfaccion?

6. Limpieza: Eliminacion de tierra,
residuos de alimentos. suciedad. grasa u
otros materiales que deben ser retirados
antes de realizar la desinfeccion.

§-Viken (2004). Coming oquipment and 3 importance o the control of Lizteris i Sood production.

4. Definiciones

7. Contaminacion cruzada:
Transfencia de contaminantes de
un alimento a otro. que no lo esta.

8. Superficie de contacto: Todo lo
que esta en contacto con productos
alimenticios, incluyendo equipos,
utensilios, manos del personal.

Fusnte: 7. Hzlo & Mameel. (2023). 5 trucos para euityr | coztanmmacion cuzady en bs comndy: y cenas do Nnadad.
8. Kito (2024) Cisan and diznfect Sod contact surices i oxe step - K2ito Pro Alco-Free WipeDes
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S. PELIGROS DE LOS ALIMENTOS

| Limitan el crecimiento

a. Peligros biologicos

100°C
Tenperatura de
= coccion

* Bacterias so°C

* Levaduras Zona de peliaro

Las bacterias crecen

* Hongos m ‘::::::Ixm 4
* Virus y parasitos e
° rervignsaciie.

0°C

Fuente: Diccionario gastronomico. (2024). Zona de peiigro de los aiimentos.

PELIGROS DE ALIMENTOS

;Como llegan microbios a los
establecimientos de 1
alimentos?

+ Alimentos crudos

* Manipuladores de alimentos
(manos. delantales. accesorios)

+ Plagas (insectos, ratas, etc.)
+ Aire
* Polvo

(=]

* Agua

Fuerze: 1-Famucia J. Lavernia-Salelies. (2023) Pelizros Biologicos de los Alimentos
2- Busmess Insider. (2022). Nunca t2 comas un huevo con clam roja- este es el grave nesgo que muplica para b sahad.
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PELIGROS DE ALIMENTOS

Microorganismos

+ No se pueden ver
+ No se pueden oler
+ No se pueden probar

Fuente: MicrobiologyClass.nat. (2023). Food spodage.

ALTO RIESGO
Alimentos cocidos consumidos en fiio o recalentados
Camnes, pescados y manscos crudos

Cames molidas o en picadillo.
Leche y productos lacteos sin pasteunzar.

Flanes y postres con leche y huevo.

Cremas chantilli, pasteleras y ofras salsas y cremas.
Huevos y alimentos con huevo.
Cereales y legumbres cocidas como por ejemplo arroz.
lentejas.
Melones cortados y otras frutas poco acidas mantemdos 2
temperatura ambiente.
Aderezos para ensaladas con huevo.
Aderezos con caldos de came.
Pastas cocidas.
Papas horneadas, hervidas
o fntas mantemdas a temperatura de nesgo

Fuente: Food Organizacion Miundial de la Saiud (OMS). (2017). Manual para

BAJO RIESGO

Sopas y caldos

Cames cocidas a la pamilla que se consumen de
irmedi

Alimentos fritos que se consumen de inmediato.
Alimentos secos, salados, con acido natural o
afiadido. o preservados con azicar

Nueces, almendras, avellanas. Almacenados
adecuadamente.

Panes, galletitas dulces o saladas.
Manteca, marganna o aceites comestibles.
Cereales secos.

Alimentos enlatados cerrados.
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PELIGROS DE LOS ALIMENTOS

b. Peligros quimicos
Peligros quimicos 311. generan

* Residuos de productos riesgo para la salud humana

quimicos
+ Erroresen .
* Mala ejecucion en la
desinfeccion
runm.m.numa-
lu’-moumu
i

Fusate: Direccion Nacional do Calidad ¢ Inocuidad Agroalimentaria. (2023). Buenas practcas pan b

Peligros quimicos 3“9 generan
umana

riesgo para la salu

~
s
Toxicos Toxicos Residuos Toxicos
Naturales Ambientales Plaguicidas, Irovenientes ce Niészencs:
Toonas marinas Matalas posados medsamentes SfyaSEs y 01
{maraarejal, {rearcorio; glome, YEIRINArinS n@eiles
icetexinas arsérica), dionas, desivfactantes,
(preducidas por 3
hongash, radisactvos.
Fusure: Direccion Nacional de Calidad o Inocuidad Agroslimentaria. (2023). Buanas practicas pars s myzipulacion de al:
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PELIGROS DE LOS ALIMENTOS

il e Otros peligros y
¥, ERRETS T aspectos a considerar

Objetos extrafios:
* Trozos de vidrio
* Madera

* Trozos de hueso N PELIGROS FiSICOS
*  Semullas de la fruta \
| 4 i

Fuente: Direccitn Nacional do Calidad ¢ Inocuidad Agroalimentania. (2023). Buemas practicas pama la manipulacion do alimentos.

DISCUSION
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6. FUENTES DE CONTAMINACION DE ALIMENTOS

Fuaate: Direccion Nacional ds Calidad ¢ Inocuidad Agroalimantaria. (2023). Buena: practcaspara b spulacion s al

Factores que condicionan la
reproduccion de microorganismos

@.QQ
o, é@

Fusate: Direccion Nacional de Calidad ¢ Inccuidad Agroalimantaria. (2023). Buenas practicas para la maxdpulacion de als
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-"pos | Eslaformamés comin da liegads dal patdgeno al almenin

de ETAs+ /| Pwoeser

Haepadere

1 Nueve

Sarrera de higiene y lavado de manos
Barrera de higiene y lavade de manes

Barrerade
u(umnogfu:

* Fmie dad i 5

Fuaate: Fusnte: Direccion Nacional do Calidad o Inocwided Agroalimantarza. (2023). Buenas practicas para la manipulacica de alimentos.

Tipos de contaminacion
en los alimentos

Primaria o de origen: /  Contaminacion directa:
Drrante ol proceso ds roduccica / E m&h
@capo [ o

Fueats: Direccion Nacional ds Calidad ¢ Inocuidad Agroalimentaria. (2023). Buenas practicas para b mamipulacion ds alimexztos.
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Sintomas mas

comunes de las ETAs
SR &

Fusats: Dirsccion Nacional de Calidad ¢ Inocuidad Agroalimentaria. (2023). Buenas practcas para b maxipulacion de alimeaos.

7. BUENAS PRACTICAS DE HIGIENE

Requisitos claves para
la inocuidad de productos

e

Salud mn:l

L” Vestimenta

Fuents: Agencia Chilena para la Inocwidad y Calidad Alimsencaria. (2021). Maz=a] para Manipuladores de Alimsatos, Basado e ol modslo de cumricalum sstandanizado.
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Habitos higiénicos
a. Habitos deseables
Lavar utensilios y vajillas antes de usarlos.
Utilizar siempre jabon y agua limpia.

Tomar platos. cubiertos y fuentes por los
bordes. cubiertos por el mango. vasos por el
Jfondo v tasas por el mango.

2-StataFoodSafeey - (2024). Conssjo para manip ;
neclostendons ave at phyy when 3 cup 2 shoun?

Fusate: Direccion Nacional de Calidad ¢ Inocuidad Agroalimentaria (2023). Buenas practcas para b maxipulacion ds alimentos.

106



b. Habitos indeseables

* Hurgarse o rascarse la naniz. la boca, el
cabello. las orejas, granos. heridas,
quemaduras, etc.

» Usar anillos, pulseras. aros, relojes. u otro
elemento.

* Manipular alimentos con las manos y no con
utensilios.

+ Utilizar vestimenta como pafio para limpiar o
secar.

+ Usar el bafio con la indumentaria de trabajo
puesta.

-

ucries

EBC. (2022) Wiy &0 we pick cur mee?
Biencitse. Consgios & Salud (2023) ) Los anslos, rddops y paberis pusden Insspantr o comsvins?
Senmm. Vil Modens 2024).  Lavane Yo freoes aees & coner? L viral densnctrs i
Erxki Comumer. (2022) Lo 10 e s conres. on sopiridad abscstars
Suserssock. (2024). Tedlet byprop

P

., X Uso de joyas,
X on forma incorrecta los
“slimantos. .
. . X Utitizar suvestimentagara secarse.
X Usar el bafia sin camblarse de ropa.

Fuants: Agencia Chilena pana la Inocwided y Calidad Alimssataria. (2021). Mazaa] para Manipaladores ds Alimsatos, Basado ea ol modslo de curricalum estanderizado.
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LO QUE DEBES HACER:

F e

| Pretages (oa vamartss corary
=) ace oeus, buratany
- msccotas

Ut b v ooty
¥ brvgeae

Catrwte ba boce con

@
®

e ]
cowrd 1 Faben

Fhuda brecares én |/
B ‘ / Datenl
. Morads s tamarae /20
Y nun 2arre ¢ Setas )
T —, /

N b sorre 4 €
ZTTON clarn, senpre Swupia_con
N | detassal, pechanay gers
X o0 pardectac candoeses 34
ceramwmots f mee

N

S, Jea parmeasasteracis
{ S  padents Lrge v
("] mumcatia Sorante fa / . & \ Poes © et
Rl meriodacidn § saterecin Se
S divenin \‘
-
/

w e
s Cheaves e i lesgas
(I S, -
) sgaracenes lespanilnd heridas e vrera sopasda, )
o Lo e, Sraes, (303 6 carih expacimane antes o 3
mardar vy S’
Snpuin g v ol
LO QUE NO DEBES HACER:
e Facak oano - or A e -
3 AL [Pppo— Lo

AASEAR (A CABTIA

Fuente: Nestie Professionai. (2013). Basicos del mangjo higiénico de aiimentos.

8. CINCO CLAVES DE INOCUIDAD EN
ALIMENTOS

CLAVEN®S
Separe carnes y Cozine los Mantenga los

CLAVE N°1 CLAVE N° 2 CLAVEN® 3 CLAVE N* 4
Utilice agua Mantenga ta
limpieza

y alimentos pescados crudos alimentos alimentos a
SEEUros del resto de los complztamente temperaturas
alimentos seguras

Fuante: Direccion Naciom! ds Calidad ¢ Inocuided Agroals . (2023). Buszas p

paa b meamipdacion de ali

108



Siete pasos para lavarse las manos correctamente

1. Mojar las manos con agua corriente, aplicar jabon y enjabonar bien
11. Frotar las manos durante al menos 20 segundos

Dorzo de los dedos Utias de los dedos Mtnces
111. Enjuague bien las manos y séquelas con una toalla de papel limpia o con aire

Fuente: National Environment Agency. Sqfeguard— Nature - Chrerish. (2016). Handler's Handbook

Desinfectante de manos

Fuente: University of Missizsippi. Instinuse of Child Nutrition. Resources Training Research. (2020). The 2020 Safe Food Handier.
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+Como y cuiando lavar las
manos?

Conoces esto?

* 5glo 1 de cada 5 personas en todo el
mundo lavan sus manos después de ir
al bafio.

* El dede gordo, las yemas, ufias v los
huecos entre los dedos son las zonas
que no se lavan correctamente.

Fuante: Food Organizacion Mimdial de Iz Saiud (OLL5).

(200 7). Manual para manipuindarer de alimentos.

Siempre debes lavar tus manos con agua
ealiente y jabén, frontandolas bien

Zoea que siempm
recondam o kv

200 e 8 VELES
cnidamed laan

Zona e irequentemants
ivbdames lavar

¥

(came, pescado, pollo ¥
lmevos)

Cocinar Jugar ¥ tocar mascotas.,
Sonarse 1a nariz. estoroudar o

Propiedades
delaropade
proteccién

8 tnilizae mearills gue culva

]
= -
cormecta

0 B oo g ecengidn Gurro i
|!H o redella debss cubeie cobelle —(da _, _,
T ]

—
para cvils ks en ks . &

e —— a

mmafix v Boca x

B L iopa de rabaio & eoloe

clare y lesarse aricanenis en

s e de imabmja —

B P de wabago lispicn o

comienn del o, N
lisspiarse Las st en 2l N

sl
[ JR A e ———y

[T —

fIre— u,..r..:.. L

G el drew de prepesscion
alimesiin

= ) Mo oy el
i

marspuls alimes

m e cortas ¥ lirnjiss, &6

cemalle, » no wtilizar ulss
acrilica

@ vslisar gosares
desexhabios i liene heride
o i mas, <ubrelas con
e u———
wlomabelliamcs. Cambar Prasmiac Canive for Fand Safey. Th Dovemmeni of

paiibamsie bn pans, e Hong Kosg Special Adnia inatrrs Bagion
¥ las eivitas (204} Clatng
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BUENAS PRACTICAS EN EL SITIO DE TRABAJO

Came gude

@ Teblatimpia ap s, O (contaminada)

R

a. Evitar la © o
contaminacion
cruzada

a&»_ <

o Alimento servido
(contaminado) 3

o Se cortan tomates ya desinfectados
con la tabla y el cuchilio contaminades

Fuente: Food Organizacion Mundial de ia Saiud (03MS). (2017). Manuai para manipuladaores de alimentos.

b. Limpieza de equipo
y utensilios

oEquipos de facil limpieza
oLisos y resistentes a la corrosion

oTodo material debe ser limpiado y
desinfectado

oEquipos de refrigeracion trabajando
adecuadamente con termdémetro visible

oSolicitar al proveedor informacién sobre
la limpieza del equipo

Foame: 1- Comodores industriales. (2022). Utamsilios de cocm, lanves y paniias los ms contamenados por bactssias
2-Food Business Scltion. (2023). Recomendacionss do Enpisza que puedes mplsmantar an b cocia do tu restaurante

o
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Pasos a seguir para lavar los equipos e instalaciones

1 2 3 4 5
Raspar residuos [ jvar con agua Enjuagar con agua Desinfectar Secar
solidos potable y potable
detergente
Fueane: Dirsccica Nacicnal de Calidad ¢ Inocusdad Agroalimentaria. (2023). Buonas practicas para bs mznipulacion de al I¥aad Org

(2017). Mavuat para mordpuladores de alimerton

e Mandial de (a Solsd (OMS)

¢. Allmacenamiento de alimentos

- El almacenamiento de alimentos depende del
tipo de producto.

- El almacenamiento de productos que no
requieran refrigeracién o congelacion debe
ser:

- fresco, seco. ventilado, limpio
- separado de paredes. techo y suelo por un
minimo de 15 centimetros.

- Se deben utilizar estantes o tarimas para
apoyar las materias primas.

- Medidas para ayudan a evitar la presencia de
roedores e insectos.

Fuame: 1-Restmracica colectha. (2022). Busnas practicas para zamtanar bejo cozeol ol alacenammianto an S0 de Jos alimeros.
2-Prast (2022). Al I LS
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d. DISTRIBUCION DE ALIMENTOS

YA COCNADOS,
FIAMBRES...

CAIONES

FRUTAS ¥
VERDLRAS

Foame: La Voz do Galicia. (2024). Imtuccionos pana comsanar los alimentos e b novera y 0o itorcarnos

PARTE INFERIOR
CARNES,
PESCADOS,

DESCONGELADDS

PARTE SUPERIOR

YOCURES, -
LATAS, 4&)‘
S
\ »

HUFvoSs
reyons

<
=
EN LA PURERTA

LECHE, BERIDAS,
MANTEQUILLA, sonrs

40

TEMPERATURA
OPTIMA

(CUANTO
TIEMPO AGUANTAN?

EMBUTIDOS

3-4 dfas

Los embativos en lorchas ya han
wids manipsladas por b g wu vids
D

POLLO

1-2 dias

Lmpio y ¥Tio 0 trecenos ous oste
lemgo en comficionss ibeudes.

PESCADO

Cos o pescado y ol marisco hay g
wxtremar b3 procauckin,

HUEVOS
4 semanas

Cocidos, un semana.

LECHE

3-4 dias

£x0 la do brick. 5i on Frnci oy muin
ooco e

e. ALMACENAMIENTO Alimentos de alto riesgo deben mantenerse a

REFRIGERADO DE

ALIMENTOS

o

temperatura por debajo de 5°C para evitar la

multiplicacidn répida de bacterias.

N

Proteger

¥,

P{“ ug Re‘fls" Y Sihay 1 Alimentos
SRR . frigerador crudos
i ; con papel °C relngen %
PRRE :l;;;;x:::s adiaaizio s - dividirle en a‘baj_‘: y
no tienen ¥ equipo s
g arriba

Fuente: Direccion Nacionsl de Calidad ¢ Inocuidad Agroalimersasia, (2023}, Buenss pricticas para b masipuiacion de alimentos,
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