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Modified atmosphere packaging (MAP) is increasingly used to extend shelf-life of fresh produce. In the present work, we
determine the survival and growth of Yersinia enterocolitica and aerobic mesophiles on fresh poultry sausage under MAP.
Samples were divided in two lots, half inoculated with 105 cfu g-1 of Y. enterocolitica ATCC 9610, and half uninoculated
control samples. The inoculated and control samples were packaged in different CO2 concentrations and storage at 4±1°C,
during 19 days. Parameters of microbial growth (lag and log phase) were determined by Baranyi and Roberts’s equation.
Aerobic mesophiles counts presented similar log and lag phase in all samples, except for the ones packaged with 20%
CO2. In the inoculated samples Y. enterocolitica showed negative log phase in 100% CO2, 80% CO2, and 40% CO2, 2.1
days in 20% CO2, and approximately 0.3 day in air and 100% N2. The lag phase varied from 0.9 to 12.0 days (air and
100% CO2, respectively). Results show that MAP slowed the growth of Y. enterocolitica due to the bacteriostatic effect of
CO2 on the development of this pathogen in the samples, but MAP itself was not able to eliminate this pathogen.
Keywords carbon dioxide; MAP; pathogen

1. Introduction
Poultry is considered one of the most important animal protein sources for the world population [1, 2]. In Brazil,
aviculture has significantly grown for the past ten years. Brazil is already the biggest poultry meat exporters in the
world. In the year 2007, Brazil produced 9,700 thousand tons and exported 3,203 thousand tons of poultry meat,
excluding industrialized products. In 2000, the Brazilian annual poultry consumption was 5,110 thousand tons, this
number rising to 7,120 thousand tons in 2007 [3]. In addition to this, the poultry industry has started to develop new
products, such as sausages and other industrialized products [4, 5].
Modified atmosphere packaging (MAP) technology provides a method of offering to consumers fresh products with
a longer shelf-life [6]. This technology can be used by the food industry as an efficient tool to launch new products,
providing convenience and practicability to them [7, 8]. At the present time, the food sector requires technologies that
can replace preservation methods which can alter food chemically and physically by less severe methods, such as MAP
technology [9, 10].
However, an extended shelf-life can lead to an increase of the microbiological risk. Any attempt of extending the
shelf-life of foods should consider the potential health hazard posed by the growth of the cold-tolerant pathogens [10,
11, 12, 13]. Y. enterocolitica is a psychrotrophic pathogen, able to grow and reach high concentrations in a short period
of time, when in refrigeration temperature [14, 15]. Yersiniosis is mostly a food borne disease. When acquired by
contaminated food this pathogen can cause gastroenteritis with diarrhea and/or vomit, even though, fever and abdominal
pain [16, 17, 18]. This microorganism may also cause infection in other sites such as wounds, joints and urinary tract
[19].
The objective of this study was to evaluate the growth/survival of aerobic mesophiles and Y. enterocolitica, when
contaminating fresh poultry sausage, in MAP with different concentrations of CO2 (100% CO2, 100% N2, 20/80
CO2/N2, 40/60 CO2/N2, 80/20 CO2/N2). For this purpose, the conditions and velocity of the growth of this pathogen in
MAP environment and in aerobiosis, at 4±1oC, were studied.

2. Materials and methods
2.1

Sausage preparation

Fresh poultry sausages were elaborated at the Laboratory of Meat Technology, Faculty of Veterinary, Universidade
Federal Fluminense, according to the following formulation: 85.5% poultry breast, 10% pork belly, 1.5% salt, 0.25%
powdered garlic, 0.20% white pepper, and 3% sterilized distilled water. A total of 5 Kg of fresh poultry sausage were
elaborated. Chicken breast fillets and pork belly were grinded together in a grinder equipped with a disk of 1 mm of
diameter. Grinded meat and pork belly were mixed manually with the condiments and distilled water, until the 5 Kg
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sausage mixture was totally homogenized. Then, the sausage mass was divided into two lots of 2.5 Kg each. A
suspension of 105 cfu g-1 of Y. enterocolitica, ATCC 9610, was inoculated into one of the batches by manual mixing.
Both control and inoculated batches were stuffed in artificial collagen casings, ´Coria` FSC 21 x 40, using a stuffing
machine ´Picelli`, with a 10 mm diameter stuffer. The control batch was stuffed before the inoculated one. A total of
180 small (10.0 x 1.5 cm) sausages was manufactured, 90 control sausages and 90 inoculated sausages.
2.2

Yersinia enterocolitica strain

The pathogen strain of Yersinia enterocolitica ATCC 9610 [20] was obtained from the Health Quality Control National
Institute, at the Oswaldo Cruz Foundation.
2.3

Modified atmosphere packaging

Six lots of fifteen control sausages and fifteen sausages inoculated with Y. enterocolitica were packaged with either 1 L
of 100% air, 100% N2, 100% CO2, or 20/80, 40/60, or 80/20 CO2/N2 in an ´FAMABRAS` (Model TEC MAQ sealed in
vacuum AP 450) packaging machine, which, finally, heat-sealed the bags. ´White Martins LTDA` supplied the gases.
Each sausage was packaged alone in one bag of 20 x 22 cm ´Cryovac` BB4L, with diffusion coefficients, according to
the supplier, of 150 cm3/24h.m2.bar to CO2, 35 cm3/24h.m2.bar to O2 and 1.4 cm3/24h.m2.bar to N2 at 22ºC. All
packaged sausages were kept under refrigeration, at 4±1oC.
2.4

Microbial analyses

Microbial analyses were performed on duplicate samples, i.e. two slices from different bags. After opening the bags,
slices (10g) were immersed in 90 ml sterile physiological saline solution (0.85% NaCl) and homogenized in a
stomacher (Colwoth Stomacher 400 Lab Blender, Seward, U.K.) for 15s. After, decimal dilutions were prepared in
saline solution.
Aerobic mesophiles counts were determined by the pour plate technique [21], in Plate Count Agar PCA (Merck),
incubated at 35oC for 48h. Yersinia enterocolitica counts were performed by the spread plate technique [21], in Yersinia
Selective Agar Base (Oxoid) with selective supplement SR109 (cefsulodin 1.5%, igarsan 0.4% and novobiocin 0.25%),
at 32oC for 24h.
Aerobic mesophiles and Y. enterocolitica counts were determined after 0, 1, 3, 5, 7, 9, 12, 14, 16, and 19 days of
storage. Both control and inoculated samples were analyzed for periodic aerobic mesophiles counts. Only inoculated
samples were analyzed for Y. enterocolitica counts.
Bacterial growth parameters (lag phase and log phase) were assessed using the Baranyi and Roberts [22] equations
and the self-life of meat was defined as days to reach 107 cfu g-1.

3. Results
Figure 1 shows the growth curves of aerobic mesophiles in the control and inoculated samples packaged in the six
atmospheres assayed in the present work.
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Fig. 1 Aerobic mesophiles growth curves in the control (a) and inoculated (b) samples packaged in: (
) 100% air, (
100% N2, (
) 20/80 CO2/N2, (
) 40/60 CO2/N2, (
) 80/20 CO2/N2, and (
) 100% CO2, stored at 4±1oC.

)

In the control samples, the initial count was 4.4x103 cfu g-1. Among the six atmospheres tested during the 19 days of
experiment, MAP with 20/80 CO2/N2 and with 100% N2 showed the highest counts of aerobic mesophiles on day 19,
reaching 7.5x109 cfu g-1 and 9.6x109 cfu g-1, respectively. On the other hand, MAP with 40/60 CO2/N2 and 80/20
CO2/N2 showed the lowest levels of aerobic mesophiles, reaching 6.2x107 cfu g-1 and 5.2x106 cfu g-1, on day 19,
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respectively. Thus, both atmospheres (80/20 CO2/N2 and 40/60 CO2/N2) showed the best behavior for aerobic
mesophiles, presenting, together with lower counts, a higher log time (Table 1).
According to Figure 1a, aerobic mesophiles already started to grow on day one in samples packaged in 100% N2. In
samples packed in 100% air and in 20/80 CO2/N2 aerobic mesophiles increased their growth rate after day 5. The same
happened in samples packaged in 40/60 CO2/N2 and in 100% CO2, on day 7. Samples packaged in 80/20 CO2/N2
showed as light growth of aerobic mesophiles after day 1, stabilizing at day 5, and growing again on day 9.
Figure 1b shows the growth curves of aerobic mesophiles in the inoculated samples. Due to the presence of Y.
enterocolitica, the initial count of mesophiles was much higher than in control samples. For the same reason, in
comparison with the control samples, counts reached higher values in less time in the inoculated samples,
approximately 109 cfu g-1 at the end of the experience, except for MAP with 80/20 CO2/N2 and 40/60 CO2/N2 which
achieved a maximum of 108 cfu g-1. The atmosphere with the 100% N2 recorded the highest counts, with 6.6x109 cfu g-1
at day 19.
The six curves followed the same pattern, showing expressive growth already on day 1. Counts reached values of
approximately 108 cfu g-1 on day 5 in MAP with 40/60 CO2/N2, 80/20 CO2/N2, and 100% CO2, and on day 7 in 100% air
and 100% N2. MAP with 20/80 CO2/N2 presented discrete growth until day 7 (106 cfu g-1) and more expressive growth
at day 10 (108 cfu g-1).
Table 1 shows the growth parameters (lag-phase, log-phase and number of cells in the stationary phase) of aerobic
mesophiles in the control and inoculated samples. In control samples, the log phase was longer in MAP with 40/60
CO2/N2 and 80/20 CO2/N2 which also presented lower doubling time and achieved lower counts in the stationary phase.
Table 1 Growth parameters of aerobic mesophiles in the control and inoculated samples packed in 100% air and in
different MAP, stored at 4±1ºC.
Atmosphere

Parameter

Control

Inoculated

100% Air

Lag
Log
NC

4.3
13.7
8.7

0.3
11.0
8.5

100% N2

Lag
Log
NC

0.4
11.1
9.0

1.5
9.3
8.6

20/80 CO2/N2

Lag
Log
NC

4.3
6.6
9.0

0.5
25.5
9.2

40/60 CO2/N2

Lag
Log
NC

4.6
22.9
8.2

0.0
10.1
8.8

80/20 CO2/N2

Lag
Log
NC

0.0
44.7
7.4

0.3
11.5
8.8

100% CO2

Lag
Log
NC

6.2
16.0
8.5

0.0
10.3
8.9

Lag – Lag-phase (days).
Log – Log-phase (hours).
NC – Number of cells in the stationary phase (log cfu g-1).

In inoculated samples, MAP with 20/80 CO2/N2 showed the longest log-phase. But also the highest values in the
stationary phase, opposite to what happened in the control samples. In the other five MAP tested, mesophiles presented
similar log and lag phases (Table 1).
Figure 2 shows the growth curves of Y. enterocolitica in the inoculated samples in the six atmospheres tested. The
initial count was 8.2x104 cfu g-1. Inoculated samples packaged in 100% air and in MAP with 100% N2 presented the
highest counts, about 107 cfu g-1. The lowest counts of Y. enterocolitica were recorded in the MAP with 100% CO2,
decreasing its number from the initial values to 5.3x104 cfu g-1, at day 19.
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MAP with 100% CO2 presented a very discrete growth during the whole experience, even registering the lowest
counts at day 19. Growth was delayed in MAP with 80/20 CO2/N2 until day 12, reaching 106 cfu g-1 at day 14. In MAP
with 40/60 CO2/N2 the maximum growth was observed on day 5 (106 cfu g-1) and then a slight decrease was noticed
remaining with counts around 105 cfu g-1 until the end of experiment. In MAP with 20/80 CO2/N2 a gradual growth of
the pathogen was observed until day 12, reaching its highest value, and then decreasing its number until day 19. The
most significant growth of Y. enterocolitica was observed in inoculated samples packaged in 100% air and in 100% N2.
In both environments a gradual growth of Y. enterocolitica was verified, achieving the maximum values at day 10.
Table 2 shows the growth parameters of Y. enterocolitica. This microorganism presented the longest log-phase in
MAP with 80/20 CO2/N2. Negative log-phases were detected in MAP with 40/60 CO2/N2 and 100% CO2. The pathogen
was not capable of growing in both environments. Its population decreased to lower values than the initial counts. Y.
enterocolitica presented a shorter log-phase and higher counts in the stationary phase in 100% air and 100% N2.
Table 2 Growth parameters of Yersinia enterocolitica in the inoculated samples packaged in 100% air and in different
MAP, stored at 4±1ºC.

Atmospheres
100% Air

100% N2

20/80 CO2/N2

40/60 CO2/N2

80/20 CO2/N2

100% CO2

Parameter
Lag
Log
NC
Lag
Log
NC
Lag
Log
NC
Lag
Log
NC
Lag
Log
NC
Lag
Log
NC

Y. enterocolitica
0.9
9.5
6.9
2.5
3.4
6.8
2.3
50.7
6.1
5.0
-497.6
4.9
1.2
108.5
6.0
12.0
-117.5
4.7

Lag – Lag-phase (days).
Log – Log-phase (hours).
NC – Number of cells on stationary phase (log cfu g-1).

4. Discussion
The growth pattern of aerobic mesophiles observed in the control samples packaged in 100% air and in 100% N2
(Figure 1a), agrees with the one described by Kakouri and Nychas [23], who also found higher counts in shorter time in
packages with 100% N2 than in samples packaged in 100% air. On the contrary, Mano et al. [24] observed in turkey
meat, stored at 7oC, higher counts in samples packaged with 100% air. However, these differences could be attributed to
the storage temperature and the product studied.
Aerobic mesophiles took 16 days to reach 107 cfu g-1 in packages with 100% CO2 in Figure 1a. However, Kakouri
and Nychas [23], Hudson et al. [25], and Bell et al. [26] found that aerobic mesophiles needed approximately 10 days to
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achieve these counts in the same atmosphere in different products, i.e. poultry meat, smoked cod, and red meat,
respectively. It stands to reason that the pH of poultry sausage is lower than that of poultry meat itself. The sausage
tested in this experiment presented pH 5.9, on day 0, which could have contributed to delay the bacterial growth.
Furthermore, poultry sausage contains salt and condiments that can also contribute for retardation and/or the inhibition
of microbial growth. The initial counts found by the above mentioned authors were higher than we observed in the
present work (Figure 1a – 4.4x103 cfu g-1 mesophiles) but the storage temperatures were also different. Both factors
certainly influenced the disparity of results found by the different authors.
Zeitoun et al. [27] detected 2.5x107 cfu cm-2 of mesophiles around day 6, in poultry meat samples packaged in MAP
with 90/10 CO2/O2. According to Figure 1a, aerobic mesophiles grew slower under 80/20 CO2/N2. The different
behavior observed can be explained by the use of O2 combined with CO2 instead of N2. It stands to reason that O2
favors the growth of aerobic bacteria. Moreover, N2 does not have the same effect [28].
The inoculated samples showed high initial counts of mesophiles, which could have interfered on the bacteriostatic
effect of CO2. The same was observed by Sarantópoulos et al. [29]. In addition to this, the growth curves of aerobic
mesophiles in the inoculated samples packaged in modified atmospheres reached higher values in shorter time in
comparison with the control samples (Figures 1a and 1b), and presented pretty short lag and log phases (Table 1).
Y. enterocolitica did not grow in the samples packaged in MAP with 100% CO2, and even reduced its population.
The same was observed by Hudson et al. [25], Bell et al. [26], Doherty et al. [30], Bodnaruk and Draughon [31] and
Tassou et al. [32]. These authors assayed different products and storage temperatures, which can confirm the
bacteriostatic effect of 100% CO2 on the pathogen Y. enterocolitica.
In the inoculated samples packaged in 100% air and in 100% N2, Y. enterocolitica increased its population up to
three logarithmic cycles. Shenoy and Murano [33] also detected the growth of this organism in chopped pork meat
packaged in air and stored at 4oC. Doherty et al. [30] detected growth of Y. enterocolitica in lamb meat packaged in
100% air, and stored at 0oC and 5oC. Wei et al. [34] also verified the growth of the pathogen in poultry meat packaged
in 100% air. Thus Y. enterocolitica is capable of growing in 100% air and in MAP with 100% N2, when stored at
4±1oC.
Although Y. enterocolitica can grow in MAP with 20/80 CO2/N2, its growth can be strongly influenced by the storage
temperature. In the present study Y. enterocolitica reached counts up to 106 cfu g-1 in this atmosphere. Manu-Tawiah et
al. [35] also detected growth in chopped pork meat, using the same MAP and temperature, with counts up to 107 cfu cm2
. However, Van Den Elzen et al. [36] observed a very discrete growth of this pathogen in pork meat, in MAP with
25/65/10 CO2/O2/N2, stored in 3oC, with counts only up to one logarithmic cycle above the initial count. The association
of CO2 and O2 tends to inhibit the growth of this pathogen, which can explain the differences between the results
described above.
In 40/60 CO2/N2, Y. enterocolitica counts slightly increased until day 5, decreasing afterwards. In addition, it can be
observed in Table 2 that the pathogen was not capable of growing. During the stationary phase it decreased in
comparison with the initial counts. However, Doherty et al. [30] and Shenoy and Murano [33] detected Y. enterocolitica
growth in MAP with 50/50 CO2/N2. The different gas concentrations, MAP with 50/50 CO2/N2 and 40/60 CO2/N2, and
the different product (pork meat) used in the experiments might explain the disparity of results.
Hudson et al. [25] stated that to inhibit the growth of psychrotrophic pathogens it is necessary an atmosphere with
more than 75% CO2 and total absence of O2. In the presence of O2, higher concentrations of CO2 are necessary. The
effect of MAP with O2 on the growth of Y. enterocolitica was not studied in the present work. The results exposed on
Figure and Table 2 show that the pathogen was able to grow in MAP with 80/20 CO2/N2, which does not agree with
Hudson et al. [25]. Nevertheless, it was a discrete growth, presenting a pretty long log-phase (108.5 hours) compared to
the growth in samples packaged in 100% air (9.5 hours). These observations confirm the bacteriostatic effect of CO2.
The influence of competitive microbial population was evidenced by the growth of aerobic mesophiles, which
presented much higher counts when compared to Y. enterocolitica, during the 19 days of experiment in all the
inoculated samples and MAP tested (Tables 1 and 2).
The infective dose of Y. enterocolitica in food is still unknown [37]. However, Bhaduri and Turner-Jones [38] stated
that the virulent characteristics of this microorganism remain the same, even in anaerobiosis and in mixtures of CO2 and
other gases, being able to cause foodborne disease. The study of Y. enterocolitica in MAP food becomes significant to
public health, provided that this pathogen can be present in food and is able to grow in those conditions, even in low
levels.

5. Conclusions
According to this research, it can be concluded that MAP with 80/20 CO2/N2 is the best choice for fresh poultry
sausage. This atmosphere controlled the growth of aerobic mesophiles. In those conditions, mesophiles showed a low
growth rate and moderate counts. This MAP was also capable of inhibiting Yersinia enterocolitica, although other
factors can influence its development. Therefore, it can be concluded that MAP itself is not able to eliminate this
pathogen in fresh poultry sausage. However, it can collaborate, sometimes precisely, by controlling its development,
avoiding its growth and even reducing its population.
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Packaging in 100% air and in 100% N2 should not be used for fresh poultry sausage. Moreover, it enhances the rapid
growth of not only the natural microbiota, but also of Y. enterocolitica, being able to reach high counts and thus,
representing a serious risk for public health.
Further research on the pathogen Y. enterocolitica and its behavior in different MAP is still necessary for the
development of packaging of different animal origin products. It is likely that the effectiveness of the technique shall be
optimized so that ideal concentrations of gases in MAP can be established for each type of product.
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