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The aim of this study was to investigate the effects of temperature variation in the deterioration
of poultry products. For this, the shelf life of chilled chicken cuts was analyzed in samples
subjected to real conditions and ground transportation, storage was simulated under different
commercial and domestic storage temperatures. The results showed that during sample storage,
a small increase in temperature caused changes in the kinetics of physical-chemical decay, as
well as a pronounced acceleration in the growth of spoilage microorganisms and pathogens,
rapidly reducing the shelf life of the products. These results provide support for the development
of strategies aimed at the effective temperature control during the supply chain of fresh poultry
products as a measure to reduce the contamination levels found in this study.
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Introduction

Material and Methods

Chicken meat is a food of animal origin,
rich in proteins of high biological value and low
cost (Mantilha et al., 2011). Data released by the
Department of Agriculture of the United States
(USDA, 2012) show that these features have made the
chicken one of the most important sources of animal
protein to the world population, whose consumption
per capita reached 14.6 kg in 2012.
Temperature is considered the main factor
affecting the quality and safety of perishable food
products (Karadag and Puhakka, 2010). To slow the
growth of microorganisms and extend shelf life of
poultry products, the cold chain is widely used (Shin
et al., 2010). However, the temperature control during
transport, distribution and storage (commercial and
domestic) is often flawed, with conditions other than
those recommended by the manufacturer, with values
that can pass the 15°C (Cárdenas et al., 2008; Limbo
et al., 2010).
Most research studying the life-span of products
made from chicken has been performed under ideal
conditions of temperature (0 to 4 ± 1°C) (Chouliara
et al., 2008; Shin et al., 2010; Cortez-Vega et al.,
2012), instead of evaluating real storage situations.
The objective of this work was to investigate the
effects of temperature variation in the deterioration
of poultry products. For this, the shelf life of chilled
chicken cuts was analyzed in samples subjected to
real conditions and ground transportation, storage
under different simulated commercial and domestic
storage temperatures.

The raw material used was chilled boneless
chicken breast, supplied by two slaughterhouses
under the Federal Inspection Service (FIS), located
in Rio Grande do Sul / Brazil. The experiment was
conducted at the Laboratory of Food Technology,
located in the City Campus of the Federal University
of Rio Grande (FURG), Rio Grande / RS / Brazil.
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Evaluation of the logistics of transport for fresh
poultry
The mapping of the temperature during
distribution of fresh poultry food was evaluated in two
land transportation routes . The first of approximately
100 km (route 1), and the other, about 430 km (route
2). These were chosen to represent monitoring of a
land route of a short path and another of a long path.
The temperature was monitored using data
loggers (Data Logger DHT5012, Perceptec, São
Paulo, Brazil), which were used to measure muscle
and environment temperatures in refrigerated truck.
The position of the data collectors followed the study
by Mai et al. (2011), whose results indicate that the
worst condition was near the opening door of the
trunk of the truck.
Storage simulation
After completing the trip, the products were
unloaded at their final destination, and the samples
were immediately transported in ice coolers, in less
than twenty minutes, until the Laboratory of Food
Technology, Federal University of Rio Grande
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(FURG) / RS / Brazil. In the laboratory, Simulations of
temperature conditions during storage in commercial
premises (point of sale) and household refrigerator
were performed. For this, the samples were stored in
three high-precision incubators (Model MA 415 / S,
Marconi, Sao Paulo, Brazil) for twelve days (samples
shelf life described in the packaging).
The temperatures measured were: 3.0 (ideal
situation), 7.0 and 10.0 (abusive situation) ± 0.5°C,
monitored every two minutes by data collectors.
Products from the logistics route 1 were stored at 3.0
and 10.0 ± 0.5°C, while samples from Route 2 were
maintained at 3.0 and 7.0 ± 0.5°C.
The temperature of 3°C was chosen because it
represents the recommended condition for the storage
of refrigerated products (0 - 4 °C) (Brazil, 1998). The
others were based on the work performed by Limbo
et al. (2010), Cárdenas et al. (2008), Nychas et al.
(2008), Kennedy et al. (2005), whose studies featured
temperatures of around 7 and 10°C as the temperature
profiles that represent the actual conditions of the
distribution chain of fresh meat products, from the
producer to the final consumer.
Physical-chemical analyses
The physico-chemical analyses were conducted
at 0, 1, 4, 7, 10 and 12 days of storage in triplicate
for each condition of the storage temperature. The
pH was determined using the digital potentiometer
(Model PM 608, ANALION Devices and Sensors
Industry and Trade Ltd., São Paulo, Brazil) measured
in homogenized chicken muscle in distilled water, 1:1
w / v. The degree of lipid oxidation was quantified
by the thiobarbituric acid reactive substances method
(TBA), recommended by the Adolfo Lutz Institute
(1985).
The color of the meat samples was determined
using a colorimeter (Chroma Meter Model CR400/410, Konica Minolta, Osaka, Japan) by the
CIELab system (iluminate D65) obtaining the
dimensions L*, a*, b*. From these parameters color
differences (ΔE*) were calculated using Equation 1.
(1)

Where: ΔL* = L – Lzero; Δa* = a – azero; Δb* = b – bzero.
Microbiological stability
Microbiological analyses were conducted on
boneless chicken breast at 0, 1, 4, 7, 10 and 12
days of storage, for each stock condition, with the
exception of Salmonella spp., done only at time
zero. All analyses were performed in triplicate. The

choice of microorganisms for this study was based
on literature (Jay, 2005) and Brazilian legislation
(Brazil, 1998). Analyses were performed using the
total count of psychrotrophic aerobes; enumeration of
Staphylococcus spp.; determination of thermotolerant
coliforms at 45°C and Salmonella spp.
A sample (25 g) was taken aseptically from the
boneless chicken breast, transferred aseptically to
a stomacher bag (Seward Medical, London, UK)
containing 225 mL of sterile 0.1% peptone water and
homogenized using a stomacher (Lab Blender 400,
Seward Medical) during 60s at room temperature,
serial dilutions were then prepared in sterile 0.1%
peptone water for the continuation of the analysis. For
the enumeration of psychrotrophic microorganisms,
Staphylococcus spp. and the detection of Salmonella
spp. the classical methodology according to American
Public Health Association (APHA, 2001) was used.
Thermotolerant coliforms at 45°C were investigated
according to the official methodology of the Ministry
of Agriculture, Livestock and Supply (MAPA)
(Brazil, 2003).
Results and Discussion
Evaluation of terrestrial logistics for fresh poultry
Figure 1 shows the temperature results measured
by the data loggers for monitoring the logistic routes.
Not was observed temperature deviation during route
1, the values measured in this route showed results
below the Brazilian standard, 4 ± 1°C (Brazil, 1998).
A different situation was observed in route 2, when the
temperature of the truck came to a standstill for two
hours at approximately 8°C. These shifts coincided
with the delivery of products in the retail market of
the destination city, caused by opening the trunk of
the truck. Similar results were found by Rokka et
al. (2004) and Smolander et al. (2004), describing
temperature variations in the logistics chain of chilled
cuts of chicken in the Republic of Finland from 2.9
to 8.3°C.
Besides the temperature oscillations of the
truck, the product temperature remained below 4°C
throughout the path, with average values of 1.0 ±
0.8°C and 2.1 ± 0.6°C for the products transported
by route 1 and route 2, respectively, as shown in
Figure 1. It should be noted that the monitoring of
the logistic routes was conducted in the evening and
early morning in May (route 1) and June (route 2),
where the temperature measured showed values of
7.9 ± 0.8°C and 10.8 ± 1.5°C, respectively, a factor
that may have influenced positively in the evaluation
of the distribution chain of these products.
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Figure 1. Temperature values measured by data loggers
during: (a) route 1 (b) route 2.
(a)

(b)

Figure 3. Results of microbiological analyses (X) psychrotrophic, (Y) staphylococcus spp. (Z)
thermotolerant coliforms - of the meat samples
maintained at: (a) 3 and 10°C, (b) 3 and 7°C. The error
bars represent the standard deviation of triplicates for
each measurement.

Figure 2. Results of physicochemical analysis, (X) pH,
(Y) color expressed in chroma L*, (Z) color difference
(ΔE), (W) TBA in mgmalonaldehyde/kgsample, samples of
boneless chicken breast stored under: (a) 3 and 10°C, (b)
3 and 7°C. The error bars represent the standard deviation
of triplicates for each measurement.

Simulation of commercial and domestic storage
Physical-chemical analyses
Figure 2 shows the results of physicochemical
analyses performed on samples of boneless chicken
breast, along the twelve days of storage at different
temperature conditions. The samples pH values
measured at time zero characterized a raw material
of good quality. Results of this parameter far above
or far below 5.8 are considered abnormal because
it will influence the quality, both functional and
microbiological, of meat (Olivo, 2006).
Figure 2X shows an increase in the pH of the
samples over storage time, a characteristic that is

accentuated under abusive conditions of temperature
(7 and 10°C), in the same manner to that reported
by Mantilla et al. (2011). The pH increase can
be attributed to the rapid growth of spoilage
microorganisms. According to Nizimani et al. (2008),
in foods stored under aerobiosis and high in protein
and amino acids, such as chicken, it is common
to increase the pH value as the count of spoilage
bacteria increases, whose proteolytic activity results
in compounds of alkaline character.
According to Allen et al. (1998) there is an
inverse correlation between muscle pH of chicken
and lightness values (chroma L*), a phenomenon
observed in Figure 2X and 2Y, where the pH of the
products increased, while the values of brightness
decreased over time in storage. The reduction of the
chroma L* indicated that the samples became darker
during shelf life, the characteristic intensified with
increasing temperature, similar to that reported by
Cortez-Vega et al. (2012) and Kenawi et al. (2005).
According to Scheuermann et al. (2004) browning
of chicken meat is a serious defect, because the
light color of the breast has great importance in the
commercial appeal to the product as “white meat”.
The color difference (ΔE*) of the samples was
enhanced with increasing storage temperature
where ΔE reached values close to 9.4 for products
stored at 10°C, whereas those maintained at 3°C a

1146

Ana Paula Dutra Resem Brizio and Carlos Prentice/IFRJ 21(3): 1143-1148

maximum of 4.6 was obtained for ΔE (Figure 2Z).
Results with lower values were observed by Shin
et al. (2010), whose samples showed 1.3 ΔE in
twelve days stored at 4°C. These differences can be
attributed to the presence of myoglobin present in
the muscle (Scheuermann et al., 2004). According to
Olivo (2006), the intensity of color in chicken meat
is proportional to the quantity of this pigment, and
chemical changes, mainly caused by changes in pH
and temperature causing the myoglobin to change its
capacity to absorb or reflect the light beam incident
on meat, allowing a wide possibility of color tones.
In Figure 2W, it is observed that the results of
TBA samples experienced a slight increase with
increasing storage temperature. However, the values
obtained on the last day of expiration of the products,
for all temperatures, was very low compared to other
studies (Cortez-Vega et al., 2012), indicating little
extent of lipid oxidation. According to Osawa et
al. (2005) for samples of the same type of muscle
but of distinct origins, outstanding variations in the
amounts of TBA are the result of different methods
of handling, storage conditions, age and origin of the
samples.
Microbiological stability
All samples were negative for Salmonella spp.,
indicating good quality hygiene programs of farms
and hatcheries, as well as proper hygienic and
sanitary conditions during slaughter and processing of
carcasses in the slaughterhouses in study. According
to Brizio et al. (2013) and Funk et al. (2001), one of
the main reasons for the low prevalence of Salmonella
spp. in this product is in the identification of ways to
reduce or eliminate the pathogen before slaughter,
since the reduction of infection rates before slaughter
results in increased safety of poultry products.
Figure 3 shows the results of microbiological
enumeration
of
aerobic
psychrotrophic
microorganisms (Figure 3X), Staphylococcus spp.
(Figure 3Y) and thermotolerant coliforms (Figure 3Z)
in samples kept at different temperature for twelve
days of storage. Psychrotrophic aerobic bacteria
are among the microorganisms that exhibit good
growth at refrigeration temperatures. This group
includes species responsible for the deterioration
of poultry products, the motive of its importance in
the decrease of shelf life of food made from chilled
chicken (Patsias et al., 2008). The International
Commission on Microbiological Specifications for
Foods (1978) considers out of range of the ideal
sanitary conditions meat products in excess of 106 (6
log10) to 107 (7 log10) counts of colony forming units
(CFU) / g for this bacteria group. Thus, respecting the

standard limit of 7 log10 CFU/g, samples kept in ideal
conditions of storage (3°C) obtained counts below
the aforementioned limit by the tenth day of validity,
while the product under isothermal conditions of
10°C and 7°C showed higher values before the fourth
and fifth days of storage, respectively (Figure 3X).
The
results found for the analyses of
thermotolerant coliforms (Figure 3Z) at time
zero were less than 3 CFU/g, low counts of these
microorganisms indicate good sanitary conditions
of food, and eliminate the suspicion of the presence
of pathogens of enteric origin, coming from the
same source of contamination (Dickens et al., 2004;
De Paula et al., 2009). Following the Brazilian
microbiological standard for thermotolerant coliform
(Brazil, 2001), the only one for chicken, from ≤ 104
(4 log10) CFU/g, the samples stored at 3, 7 and 10ºC,
remained suitable for consumption until the tenth,
fifth and third day of the storage, respectively.
Staphylococci are microorganisms forming
part of the raw poultry meat microflora (Russell,
2002), work performed by Barbut (2002) reported
that between 105 (5 log10) and 106 (6 log10) colony
forming units of Staphylococcus per gram of food are
required so that the toxin is formed at levels capable
of causing intoxication. Considering this range, only
the samples stored at 10°C, from the fourth day of
storage could pose a risk to consumer health, if they
were of enterotoxigenic strain (Figure 3Y).
The low prevalence of the bacteria analyzed at
time zero indicated good process control through
the steps of obtaining products, applying effectively
the Good Manufacturing Practices (GMP’s) by the
slaughterhouses evaluated. However, the samples
did not remain fit for consumption until the twelfth
day of shelf life (data contained in the package). The
microbiological shelf life of products at 3°C was
ten days. It is up to manufacturers to reassess the
expiration of this commercial product.
The results of the microbiological analyses
showed that bacterial growth in the meat microflora
was significantly delayed when maintained at lower
temperature. While boneless chicken breast got a
shelf life of ten days in ideal conditions of storage
(3°C), samples stored at 7°C should be consumed
before five days and those kept at 10°C from the
third day of storage already represent a health risk if
consumed.
Conclusions
Small temperature fluctuations measured during
monitored inland logistics routes did not alter the
quality conditions of the samples. However, the
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results of microbiological and physical-chemical
properties during the simulation of commercial
and domestic storage showed that a small increase
in storage temperature is able to quickly reduce the
shelf life of products made from chicken, constituting
a risk to consumer health when ingested under these
conditions. The results of this study are used to
support the development of strategies to control the
temperature during the supply chain of fresh poultry
products as a measure to reduce the contamination
levels of the microorganisms studied under simulated
abusive conditions.
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