ASPECTS OF COLD CHAIN IN MEXICAN CARRIERS OF MEAT PRODUCTS
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ABSTRACT

Meat products are perishable and their shelf life depends on temperature conditions in the supply
chain. Interruptions of the cold chain often occur during transport of meat and meat products,
especially in countries with high environmental temperature. Therefore, tracking of the cold chain
conditions in commercial carriers is one of the focal points to be addressed. Thus, the objective of this
study was to determine aspects of the cold chain in Mexican carriers that give services to the meat
industry in the ground transportation. A questionnaire was developed and sent to 52 Mexican meat
carries responsible for vehicle fleet for food transportation located in six major cities of the country.
Questions were related with vehicles, cooling and freezing technologies, temperature monitoring
systems and different aspects related to food quality, safety and logistics. Results indicate that 56% of
the carriers used refrigerated chamber with controlled atmosphere (CO2 enrichment). Resistance
temperature sensor was used in 46% of the fleet to measure temperature within vehicles. Continuous
control with electronic data loggers to monitor temperature inside the vehicle was applied by 53% of
the respondents. Only 17% depended on wireless systems during transport. On weekly basis, chilled
meat represented 75% of all of the meat loads transported. The paper provides a general overview of
temperature strategies actually followed in transportation of meat within the Mexican market. Whereas
this basic-line information, further work is required to develop strategies to be followed in order to
improve safety and quality on meat products.
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INTRODUCTION
In the Mexican market, meat products that are ready-to-eat, pre-cooked or at least ready-and-easy to
be cooked are on the rising as higher proportions of the population are incorporated to the working
force. This demand is paired with long shelf-life span and food safety. Then, food processing has to be
done in controlled environments with high hygiene standards; in addition, meat and final processed
meat products are to be handled as to avoid any negative microbial activity in them while in transit up
to reach the final consumer. Cold chain along all transfers becomes a key factor in the preservation of
meat products quality and safety (Beasley, 1998). An effective cold chain is needed through-out
production, processing, transportation, and storage of meat and meat products. Failures in the cold
chain along any step of the way from the production unit to the final consumers might bring high
economic losses; among other sources, such failures in the cold chain may originate from poor
equipment and controlling devices and lack of proper supervision. Rodríguez et al., (2011) indicated
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that moving enterprises must have a quick and accurate procedure to adjust the parameters of their
equipments to keep a constant internal environment regardless the specific conditions of each unit of
transportation, route to be covered, geographic area of operation and climate conditions and any other
external environmental condition. Potential risk, shelf-life and final food safety and quality are
determined by temperature conditions applied in the cold chain (Montanari, 2008).
Morales and de la Torre (2006) pointed out that Mexican carriers that have cooling equipments usually
carry perishable foodstuffs: meat, seafood, fish, fruits and vegetables. Other goods that require
temperature control as certain drugs and some chemicals are also carried. Common products in the
Southeast routes are mango, pineapple, papaya, chili, cucumber, some chemicals, and flowers.
Towards the middle region of the country carried products are tomato, avocado, broccoli, zucchini,
blackberries, mango and lemon. Temperature range inside the refrigerated chamber of the vehicle is
from -29° to 37°C, frozen to fresh; however, for fresh foods common temperature range is from 0° to
8°C, and for frozen products is from -18° to -22°C. Some products require accurate temperature
control as slight variations might cause irreversible damages. This fact makes food distributors to be
concerned about temperature control in terms of cost component and risk of economic loss (Kue and
Chen, 2010). Thus, to provide consumers with high quality meat products, it is relevant to assure the
stability of the required cold chain all along the whole process (Bogataj et al., 2005). As temperature
data are rarely shared with upstream or downstream chain partners, Raab et al., (2008) pointed out
the importance of follow-up studies of the cold chain within each segment involved in the food
transportation, processing and storage. Thus, the objective of this study is to describe how Mexican
transporting companies provide a cold chain in the transportation of meat and meat products.
MATERIAL AND METHODS
Target population was 52 companies registered to transport meat and meat products and with
headquarters in one of the six major Mexican cities in terms of shipping or receiving meat and meat
products. Five of these cities are in the border with United States, main source of imported meat and
meat products. Field data came from a survey applied to those 52 companies. The survey was
organized in three segments: a) vehicle characteristics, cooling-freezing technologies and measuring
procedures; b) goods being carried, shipment frequency and length; c) control systems and monitoring
technology applied (Raab et al., 2008). For each question the interviewee was given a set of answers
to select from. Surveys were in person, by phone or e-mail. For the statistical analysis proportions for
each answer were calculated, these proportions were analysed by Chi Square, using Statistical
Analysis System package (SAS, 2009).
RESULTS AND DISCUSSION
Meat and meat products are mainly transported in large loads, that is why 52% of the fleet is
composed of trucks with 30 t of load-weight and 16-18 m of box length, these large loads were
associated with 71% of the trips lasting over 8 hours and 85% of them covering a distance of 900 km
or more. Besides transporting meat in big batches, the transport is very intense as 88% of the
companies indicated having daily shipments. Mexico´s size and human population (over a 100 million
people) and that over 60% of this population is concentrated towards the middle of the country could
explain the load-size and the distance covered on individual trips. In contrast, Raab et al., (2008)
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registered that most of German pork and poultry products are transported a distance of 500 km or
less. Meat transportation is very intense; however, it is not enough for companies to keep trucks
specialized on meat transportation only, 79% of the fleet carry different goods besides meat, most of
the time other food products are transported.
Controlled atmosphere was used as cooling technology in 56% of the fleet, while around 40% relies
on vehicle cooling system (Figure 1). Rodríguez et al., (2011) indicated that in cold chain management
refrigeration system is not as important as the difference between the hypothetical and real behaviour
of refrigeration systems; there are many hard-to-control variables that affect the performance of any
refrigeration system. It is also mentioned by Morales and de la Torre (2006) the importance of having
accurate temperatures for products, as medicine or food, whose specified temperature range should
not vary by more than two degrees, because a slight increase causes product dehydration, or a small
reduction in freezing, both conditions might cause severe damage.

Figure 1. Cooling technologies used by Mexican vehicles carrying meat.

Resistance temperature sensor and thermocouples are used in 46 and 40% of the fleet, respectively
as temperature measurement devices (Figure 2). Both systems, as cooling and refrigeration were
installed on all transport units. Food quality and safety is guaranteed when cold chain is not broken
along any of its chain segments. It could be happened under a number of circumstances, like failure of
the temperature control’s thermocouples, negligence actions during refrigeration, failures in the
cooling system, food permanence for long periods out of refrigeration when loading and unloading of
trucks (Rodríguez et al., 2011).
Monitoring of cold chain within vehicles was in 53% of the cases done by electronic data logger,
around 18% applied wireless systems, being the second way of monitoring (Table 1). Metzger et al.,
(2007) indicated that these technologies allow the monitoring of the product’s storage and
transportation conditions with radio frequency-based technologies, and Kreyenschmidt, (2008)
confirmed that this technology can support a continuous monitoring and control of the temperature
throughout the entire supply chain.
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Figure 2. Temperature measurement devices used in Mexican vehicles carrying meat.
Another study mentioned that wireless sensors can be fixed within load, and its readings are closer to
accurate in situ properties of perishable food. Conversely, measures made in and within food products
could differ from ambient temperature recordings, because of environmental conditions (Ruiz-Garcia
et al., 2008). Over one percent of respondents had no technology installed for that purpose (Table 1).
It is recorded that efficiency by monitoring the temperature in the cold chain could eliminate or
minimise unsteadiness or weaknesses from primary producers to final consumer (Taoukis, 2006;
Nychas et al., 2008). Moreover a fruitful implementation and operation of temperature monitoring
systems is directly correlated with the method of cold chain management (Bogataj et al., 2005).
Although it is advisable, to share real-time data of product characteristics, as well as, gathered
temperature that may contribute to the improvement of cold chain management (Raab, et al., 2011).

Table 1. Technology applied by Mexican enterprises to monitor cold chain within their vehicles
carrying meat.
Proportion of respondents (%)
Technology
Continuous control with electronically date logger
53.4
Continuous control with Wireless systems
17.8
Measurement of central temperature (random samples)
11.0
Measurement of surface temperature (random samples)
8.2
Tactile sensors for determination of door opening time
4.1
Time-temperature indicators
4.1
None
1.4
Of the meat weekly transported, 77% was chilled meat, being beef the type of meat with the highest
frequency (28%), followed by poultry and pork (23%). A study cited that an approach to cold chain
management includes additional information about characteristics of perishable products. There are a
variety of aspects, which could affect all cold chain participants (Raab et al., 2011). It is also known
that the use of temperature measure aspects is beneficial since temperature acts as the product
quality control parameter, and the capacity to measure the impact can justify the change of certain
procedure or parameter (Rodríguez et al., 2011). Equally important fact is the knowledge of
temperature monitoring systems within all stages of the supply chain, in order to solve the temperature
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related problems. Therefore, training programmes, developed by enterprises, play an important role as
pre-requisite to be set up in daily business routine (Olsson, 2004). Nevertheless, training courses for a
global cold chain management system should include aspects as measurement equipment itself, food
characteristics knowledge as well (Raab et al., 2011).
Regarding the type of transportation service, respondents in this study indicated three different ones:
60% was the group of carriers that provide services to meat processing companies. In contrast, onethird of respondents had own transport-service, but they required of hiring a transport service provider
company, and only 10% had individual transport fleet to cover all carrying segments. It is relevant to
mention the significant economic losses reported by enterprises due to cold breakages. Additional
information from Medicines and Healthcare Products Regulatory Agency (MHRA) indicates that
between 1999 and 2000 serious infractions were connected during inspections in the control and
monitoring of in-transit temperatures of food (Elliott and Halbert, 2005). However, despite the
maintenance cost of the cold chain throughout product’s entire life cycle, it is essential, as it is was
showed, because any breakage causes product deterioration.
Besides, Ovca, and Jevšnik (2009) underlined the importance of maintaining a rigorous control of
product storage conditions, in order to have a product in optimum conditions. Then, controlled cold
chain management is becoming a key role, where it is included effective and intelligent systems
capable to predict the shelf life of a product after processing and estimate of the remaining shelf life at
each step in the cold chain (Raab et al., 2008). Consequently, an inter-organizational cold chain
management system is becoming more and more important and complex as the meat supply chain
turns to a more heterogeneous structure. Thus, cooperation among participants is one of the main
challenges to be overcome (Montanari, 2008; Eden et al., 2011).

CONCLUSION
Transport of meat and meat products is done in large loads and over long distances. Carrying
companies have own vehicles and cooling systems adequate for maintaining cool chain. Some
improvements could be suggested in monitoring cool chain within vehicles. Transportation of meat and
meat products is not specialized as vehicles that carry meat also carry other goods.

REFERENCES
Beasley, S. (1998). The current state of the cold chain in the Philippines, United States Department of
Agriculture. Trade and Investment Program of Food Industries Division, Foreign Agricultural
Service.
Bogataj, M., Bogataj, L., and Vodopivec, R. (2005). Stability of perishable goods in cold logistic chains.
International Journal of Production Economics, 93-94: 345-356.
Eden, M., Raab, V., Kreyenschmidt, J., Hafliðason, T., Ólafsdóttir, G. and Bogason, S.G. (2011).
Continuous temperature monitoring along the chilled food supply chain, in Hoorfar, J., Jordan,
K., Butler, F. and Prugger, R. (Eds), Food Chain Integrity: A Holistic Approach to Food
Traceability, Safety, Quality and Authenticity, Woodhead Publishing, Cambridge, 115-129 pp.

5

Elliott, M., and Halbert, G. (2005). Maintaining the cold chain shipping environment for phase I clinical
trial distribution. International Journal of Pharmaceutics, 299(1–2): 49-54.
Kreyenschmidt, J. (Ed.) (2008). Cold chain-management, Proceedings of the 3rd International
Workshop Cold Chain-Management, 2-3 June 2008, Bonn, Bonner Universitätsdruckerei,
Bonn.
Metzger, C., Michahelles, F. and Fleisch, E. (2007). Ambient energy scavenging for sensor equipped
RFID. Smart sensing and context. Second European Conference. Berlin. EuroSSC'07
Proceedings of the 2nd European Conference on Smart Sensing and Context. 255-269 pp.
Morales, P. C. G., y De la Torre, M. M. E. (2006). Características del Transporte Refrigerado en
México. Secretaría de Comunicaciones y Transportes. Instituto Mexicano del transporte.
Publicación Técnica No 297. Sanfandila, Qro. Consulted: 23 April 2013. Available:
http://www.imt.mx/archivos/Publicaciones/PublicacionTecnica/pt297.pdf
Montanari, R. (2008). Cold chain tracking: a managerial perspective. Trends in Food Science and
Technology, (19): 425-431.
Nychas, G. J. E., Skandamis, P. N., Tassou, C. C. and Koutsoumanis, K. P. (2008). Meat spoilage
during distribution. Meat Science, 78(1-2): 77-89.
Olsson, A. (2004). Temperature controlled supply chains call for improved knowledge and shared
responsibilities. In Aronsson, H. (ed.), Conference Proceedings NOFOMA 2004, Linköping,
Sweden. 569-582 pp.
Ovca, O., and Jevšnik, M. (2009). Maintaining a cold chain from purchase to the home and at home:
consumer opinions. Food Control, 20(2): 167-172.
Raab, V., Bruckner, S., Beierle, E., Kampmann, Y., Petersen, B. and Kreyenschmidt, J. (2008).
Generic model for the prediction of remaining shelf life in support of cold chain management in
pork and poultry supply chains. Journal on Chain and Network Science, 8(1): 59-73.
Raab, V., Petersen, B., Kreyenschmidt, J. (2011). Temperature monitoring in meat supply chains.
British Food Journal, 113(10): 1267 – 1289.
Rodríguez, V., Amorrortu, I., Álvarez, M. J. (2011). Setting parameters in the cold chain. Tecnura, (15)
30:71-81.
Ruiz-Garcia, L., Barreiro, P., Robla, J. I. (2008). Performance of ZigBee- Based wireless sensor nodes
for real-time monitoring of fruit logistics. Journal of Food Engineering, 87(3): 405–415.
SAS. (2009). SAS/STAT User ́s Guide (Release 8.2). Cary, NC, USA: SAS Inst. Inc.
Taoukis, P.S. (2006). Development and experimental validation of SMAS – A TTI based chill chain
management system, In Kreyenschmidt, J. and Petersen, B. (Eds), Proceedings of the 2nd
International Workshop Cold Chain-Management, 8-9 May 2006, Bonn, Germany, Bonner
Universitätsdruckerei.

6

