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ABSTRACT A comparison was made of the effect of
atmospheres containing high oxygen (70% O2 and 30%
CO2) or high nitrogen (70% N2 and 30% CO2) on the
spoilage process during storage (at 4◦C) of poultry fil-
lets. Four samples of each gas atmosphere were ana-
lyzed at 7 sample points during storage. For this anal-
ysis, the growth of typical spoilage organisms (Bro-
chothrix thermosphacta, Pseudomonas spp., Enterobac-
teriaceae, and Lactobacilli spp.) and total viable count
(TVC) were analyzed and modeled by using the Gom-
pertz function. Sensory analyses of the poultry samples
were carried out by trained sensory panelists to analyze
color, odor, texture, drip loss, and general appearance.

The composition of the spoilage flora differed between
the oxygen-free atmosphere and the high-oxygen atmo-
sphere. Anaerobic conditions favored the growth of Lac-
tobacilli spp., whereas aerobic gas composition favored
the growth of B. thermosphacta. However, no significant
difference (P < 0.05) in TVC and sensory parameters
were observed for poultry samples stored under a high-
oxygen atmosphere in comparison to a high-nitrogen
atmosphere.

These results indicate that high-oxygen packaging
has no additional beneficial effect on the quality main-
tenance and shelf life of fresh poultry fillets.
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shelf life
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INTRODUCTION

During recent years, the application of modified at-
mosphere packaging (MAP) has increased in the poul-
try industry. The commonly used gases for MAP poul-
try are oxygen, carbon dioxide, and nitrogen as filling
gas (Dangel, 2006). Despite the recommendation of sev-
eral gas manufacturers in Europe to pack light poultry
under an atmosphere composed of carbon dioxide and
nitrogen, different kinds of atmospheres are also used
for poultry. Several producers in the German poultry in-
dustry are using high concentrations of oxygen to pack
fresh poultry (unpublished data IQ-Freshlabel project).

The main reason for high-oxygen packaging is to pre-
serve the red color in red meats, which is caused by the
muscle pigments myoglobin and hemoglobin (Phillips,
1996; Totosaus et al., 2007). The pigments can oc-
cur in different forms: the desired bright red oxymyo-
globin, the purple deoxymyoglobin, and the undesir-
able grey-brown metmyoglobin (Mullan and McDow-
ell, 2003). For fresh meat, the required oxymyoglobin
is stable in an oxygen-rich environment, and therefore
high percentages of oxygen are used for MA packing
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of red meat (Buchner, 1999). The high oxygen levels
saturate the meat pigments with oxygen, thus slowing
the formation of metmyoglobin (Cornforth and Hunt,
2008). Poultry breast muscles are less-used muscles with
a low quantity of myoglobin and are considered to be
white meat (McKee, 2007). The amount of myoglobin
in chicken breast muscle varies between 0.15 and 0.31
mg/g, depending on the extractability from muscle tis-
sue (Kranen et al., 1999). Therefore, the positive effect
of high oxygen concentrations for poultry packaging is
discussed here (Löwenadler, 1994).

Millar et al. (1994) recommended in their study that
chicken breast samples had a limited capacity to form
oxymyoglobin. Moreover, the authors considered that
the high-oxygen packaging method for beef should be
adopted by poultry packagers with caution because the
color of poultry meat is not as significant to the con-
sumer as that of beef. Saucier et al. (2000) determined
that the color of ground chicken and turkey meat re-
mained more stable in an oxygen-free atmosphere. This
is also confirmed by the investigations of Dhananjayan
et al. (2006), who found that the surface color of ground
turkey breast patties in an 80% O2 atmosphere is less
stable compared with patties in a 97% CO2 atmo-
sphere. Moreover, the high–carbon dioxide atmosphere
inhibited the growth of microorganisms. Also, Sante
et al. (1994) found that poultry packed in a 100% CO2
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atmosphere shows the best color stability and lowest
microbial counts, in comparison to 100% O2, 100% N2,
or a mixture of 25% CO2, 66% O2, and 9% N2.

In addition to the effect on the product’s color, dif-
ferent gas concentrations also influence the composition
of the spoilage flora. The use of CO2 and N2 extends
the lag phase of aerobic microorganisms and favors the
growth of facultative and anaerobic microorganisms.
This causes a shift in the microbial flora from aerobic
bacteria, such as Pseudomonas spp., to facultative and
anaerobic bacteria such as lactic acid bacteria. As a con-
sequence, the spoilage characteristics also change (Mc-
Kee, 2007). The facultative anaerobic microorganism
Brochothrix thermosphacta is one of the main spoilage
organisms of MAP meat (Kakauri and Nychas, 1994;
Ordónez et al., 1991). Pin et al. (2002) reported that
CO2 and O2 content affects the metabolites resulting
from the consumption of glucose by B. thermosphacta.
Because anaerobic metabolism produces less intense
odors than aerobic metabolism, the authors recommend
the use of a low oxygen concentration in MA packaging.
Jayasingh et al. (2002) indicated that a high O2 con-
tent of 80% leads to significant development of rancid
off-flavor in MAP ground beef.

Based on the above, it is debatable whether the use
of high-oxygen packaging for poultry is beneficial when
compared to an oxygen-free nitrogen-containing atmo-
sphere. At present, there is no poultry breast meat
study that compares the commonly used gas atmo-
sphere of 70% O2 and 30% CO2 (e.g., as is done in
Germany) with the recommended oxygen-free high-
nitrogen atmosphere (70% N2 and 30% CO2). Most of
the existing studies compare extreme gas compositions,
such as 100% CO2 (Sante et al., 1994), that are not used
in practice. Therefore, the aim of this study is to com-
pare the spoilage process of MA-packaged poultry meat
under the usual high-oxygen atmosphere and the rec-
ommended N2-containing oxygen-deficient atmosphere
stored at 4◦C.

MATERIALS AND METHODS

Sample Preparation

Fresh boneless and skinless broiler chicken breast fil-
lets were used as test samples. The fillets from unisex
42-d-old broiler chickens (Ross 308 and 708) were ob-
tained as double breast fillets from a German slaughter-
ing and processing plant. For transportation, the fillets
were wrapped in polypropylene (PP) foil and packed in
a cardboard box. Samples were transported to a Ger-
man wholesaler and forwarded to a local retailer. The
fillets were then transported to the laboratory under
temperature-controlled conditions within 24 hours af-
ter slaughtering.

Before repackaging at the laboratory, a sterile scalpel
was used to divide the double breasts into two sin-
gle breast fillets. To achieve a head-to-product ratio of

nearly 3:1, the inner fillet was removed, resulting in a
weight of approx. 230 g for each fillet.

Packaging and Storage Conditions

The chicken fillets were packed in the laboratory in
polypropylene trays (680 mL, R. Fearch Plast A/s, Hol-
stebro, Denmark) using a tray sealer packaging machine
(Traysealer T200 Multivac Sepp Haggenmüller GmbH
& Co. KG, Wolfertschwenden, Germany). As lidding
film, a low-gas and water vapor–permeable polypropy-
lene foil was used (Top Tray 50 LAF, SÜDPACK Ver-
packungen GmbH & Co. KG, Ochsenhausen, Germany)
with an oxygen transmission rate of </ = 1,5 cm3/m2

d bar .
The gas mixtures 70% N2 and 30% CO2, and 70%

O2 and 30% CO2 were adjusted by a 4-component gas
blender machine (WITT-GASETECHNIK GmbH & Co
KG, Witten, Germany) (hereinafter referred to as a ni-
trogen [70% N2] or an oxygen [70% O2] atmosphere).
For technical reasons, the N2 atmosphere contained
residual oxygen (0.4–0.6%).

Packaged samples were stored at 4◦C under con-
trolled temperature conditions in a low-temperature
high-precision incubator (Sanyo MIR-254, Sanyo Elec-
tric Co., Ora-Gun, Gumma, Japan).

Air temperature was recorded every 5 min by data
loggers (ESCORT JUNIOR Temperature Recorder, Es-
cort, New Zealand).

Gas composition, sensory, and microbial parameters
were determined after 0, 3, 6, 9, 12, 15 and 20 d. In
total, 56 poultry fillets were investigated. For each test
day, 2 samples per gas atmosphere were prepared, and
the storage test was repeated twice. Thus, at one in-
vestigation point for each scenario, four samples were
tested.

Microbiological Analyses

For microbiological analyses, 25 g of the sample sur-
face were separated under sterile conditions with a
scalpel and transferred to a filtered Stomacher bag
with 225 mL saline peptone diluent (0.85% NaCl with
0.1% peptone Saline-Tablets, Oxoid Br0053G, Cam-
bridge, England) and homogenized for 60 s in a Stom-
acher (Stomacher BagMixer Interscience, Saint Nom,
France). Serial decimal dilutions of the homogenates
were prepared using saline peptone diluent. Total vi-
able count (TVC) was determined on plate count agar
(PCA, Merck, Darmstadt, Germany), and plates were
incubated at 30◦C for 72 h.

Presumptive Pseudomonas spp. were determined by
spread plate technique on Pseudomonas agar with
cetrimide fucidin cephaloridine (CFC) selective supple-
ment (Oxoid, Cambridge, England). The incubation pe-
riod was 48 h at 25◦C.

Presumptive Brochothrix thermosphacta were de-
tected on streptomycin inosit toluylene red agar

 by guest on M
arch 14, 2015

http://ps.oxfordjournals.org/
D

ow
nloaded from

 

http://ps.oxfordjournals.org/


98 ROSSAINT ET AL.

(SIN agar) referring to the method of Hechelmann
(1981), using the drop plate technique (Sheep Blood
Agar Base, Oxoid, Cambridge, England). Plates were
incubated at 25◦C for 48 h. Presumptive Enterobac-
teriaceae were identified by overlay treatment on vio-
let red bile dextrose agar (VRBD, Merck, Darmstadt,
Germany). Petri dishes were incubated for 48 h at
30◦C. De Man, Rogosa, Sharpe agar (MRS, Oxoid,
Cambridge, England) was used to presumptively iden-
tify Lactobacillus spp. (LAB) by pour plate technique.
Plates were incubated aerobically at 37◦C for 72 h. All
amounts of colony-forming units were expressed as log10
cfu/g. Two samples per gas atmosphere were examined
on each test day. The storage test was repeated twice.
Therefore, the number of colony-forming units is the
average of four samples.

Sensory Analysis

Sensory analysis of the chicken breast fillets was com-
pleted by a trained sensory panel of 5 people. All sen-
sory test personnel were recruited from the Institute
of Animal Science (University of Bonn) and were ex-
perienced in poultry evaluation. Before the test trials
started, the panelists completed an intensive training
session that provided descriptions and definitions of
typical sensory attributes at different stages of spoilage
during storage. During the test series, after opening the
tray, each sample was evaluated directly via the de-
veloped sensory scheme the panelists learned about in
their training (Table 1). The scheme included the prede-
fined detail descriptions of the sensory attributes. For
optical evaluation, a picture of a fresh chicken breast
fillet was used as reference. The texture was assessed
by cutting and pressing the sample. General appear-
ance (G), odor (O), color (C), texture (T), drip loss
(D), and cut (Z) were rated using a 5-point scoring
system (1 = highest quality; 5 = unacceptable qual-
ity). A weighted sensory quality index (QI) was calcu-
lated (Kreyenschmidt et al., 2010; Herbert et al., 2013)
(Eq. 1.1). The end of shelf life was achieved at a QI of
2.5 or if a parameter was evaluated with 5 points.

QI =
2 ∗ G + 2 ∗ C + T + 2 ∗ O + D + 0.5Z

8.5
(1.1)

Gas Analysis

The CO2 and O2 concentrations were measured with
a handheld gas analyzer (OXYBABY O2/CO2 WITT-
GASETECHNIK GmbH & Co KG, Witten, Germany).
Before starting the gas measurement inside the trays,
the composition of air was analyzed to control the ac-
curacy of the gas analyzer. Headspace gas concentra-
tion was measured by penetration with a syringe nee-
dle into the lidding film. The oxygen concentration was
detected by an electrochemical sensor, and the carbon

dioxide concentration was detected by infrared (IR)
spectrophotometer.

Gas concentrations were recorded as volume percent-
ages of the total packaging atmosphere. Reference sam-
ples without products were stored, and gas composi-
tions were measured parallel to the atmosphere inside
the sample packages.

Data Analysis

The growth data of TVC, Pseudomonas spp.,
Brochothrix thermosphacta, Enterobacteriaceae, and
Lactobacillus spp. were analyzed by the statistical
software Origin 8.0G (OriginLab Corporation,
Northampton, MA). The Gompertz model (Eq. 1.2)
was used as the primary model to describe the growth
of microorganisms with time (Gibson et al., 1987):

N(t) = A + C · e−e−B ·(t−M )
(1.2)

with N(t): microbial count [log10 cfu/g] at time t; A:
lower asymptotic line of the growth curve (N0 = ini-
tial bacterial count [log10 cfu/g]); C: difference between
upper asymptotic line of the growth curve (Nmax =
maximum population level [log10 cfu/g]) and the lower
asymptotic line (A [log10 cfu/g]); B: relative growth rate
at time M [h-1]; M: time at which maximum growth rate
is obtained (reversal point); t: time [h].

Statistical Analysis

For each scenario, 4 samples were tested at 1 investi-
gation point. For data analysis, the mean value of the
four samples was calculated.

The Mann–Whitney U test was used to compare the
measured counts of colony-forming units and sensory
evaluation with a level of significance of 0.05. SPSS
Statistics 20 for Windows was used.

RESULTS AND DISCUSSION

Gas Composition Development on Packed
Poultry Breast Fillets

The starting oxygen concentration of the nitrogen-
containing packs varied between 0.4 and 0.6% due to
technical limitations (n = 4). At the beginning of stor-
age, a decrease of CO2 could be measured in both atmo-
spheres (O2/CO2: approx. 5%; N2/CO2: approx. 10%;
data not shown). This is due to the high solubility of
carbon dioxide in fat tissue and water on the meat
surface (Betts, 1995; Gill, 1988). Parra et al. (2010)
and Dhananjayan et al. (2006) reported similar results.
Throughout the entire storage period, the O2 concen-
tration inside the trays showed a small decrease. This
was caused by microbiological consumption of O2, the
respiration of meat enzymes, and gaseous exchanges
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between the gas inside the trays and the environment
(Mullan and McDowell, 2003).

Microbial Development on Packed Poultry
Breast Fillets

Development of TVC values for poultry fillets pack-
aged under a nitrogen and under an oxygen atmosphere
are shown in Figure 1. The initial TVC are nearly the
same for the samples packed under oxygen (3.2 log10
cfu/g) in comparison to the nitrogen samples (3.3 log10
cfu/g). The growth of TVC under an oxygen or un-
der a nitrogen atmosphere is not significantly different
(P > 0.05). Under both atmospheres, TVC reached
the microbial limit defined by the International Com-
mission on Microbiological Specifications for Foods
(ICMSF) of 7 log10 cfu/g after approx. 10 d. Also, the
maximum number of TVC at the end of storage showed
no relevant differences (Table 2). After 20 d, the sam-
ples packed in the high-oxygen atmosphere reached a
maximum TVC level of 8.4 log10 cfu/g. Samples pack-
aged in nitrogen reached a value of 8.3 log10 cfu/g.
Also, the calculated growth parameters showed no rel-
evant difference between gas atmospheres. The calcu-
lated growth rate for the O2-containing atmosphere is
0.021 [1/h] in comparison to 0.022 [1/h] for the N2 at-
mosphere (Table 2). These results are in agreement with

Figure 1. Comparison of total viable count packaged under two
different gas mixtures: 70% O2 and 30% CO2, or 70% N2 and 30%
CO2; T = 4◦C (mean values ± SD of 4 analyses per sample point)

those of Gallas et al. (2010), who reported no statisti-
cal differences during storage in psychotropic bacteria
counts between samples of 75% O2 and 25% CO2, and
75% N2 and 25% CO2.

Figure 2 shows the development of the spoilage mi-
croflora in high nitrogen concentration and high oxygen
concentration. The results show that microbial growth
is not significantly influenced by gas composition (P >
0.05).

Lactobacillus spp. grows more quickly under anaero-
bic conditions. With high oxygen concentration, the dif-
ference between the initial count of Lactobacillus spp.
and the count at the end of storage is 1 log10 level.
LAB remains relatively constant in oxygen MAP and
plays a minor role in the spoilage flora (Table 2). There-
fore, the growth cannot be described by the Gompertz
model. With high nitrogen concentration, the difference
between the initial count and the count at the end is 2.4
log level. The maximal bacterial count between intact
oxygen and intact nitrogen atmospheres differs signifi-
cantly (P < 0.05) by 2.1 log cfu/g. Lactic acid bacteria
are anaerobic aerotolerant organisms that usually dom-
inate the flora of meat stored anaerobically (Saucier
et al., 2000).

B. thermosphacta showed similar growth in the first
6 d under both atmospheres. From d 7 on, there was
faster growth under the high-oxygen atmosphere, and
B. thermosphacta became the predominant microorgan-
ism (P < 0.05). This is also reflected by the higher max-
imum growth rate with oxygen (Table 1). Our findings
of the favored growth of B. thermosphacta in the O2-
containing atmosphere agrees with other studies (Her-
bert et al., 2013; Gallas et al., 2010; Skandamis and
Nychas, 2002). Moreover, B. thermosphacta grows bet-
ter when oxygen is available for aerobic metabolism
(Gill, 1986). The growth reduction in the nitrogen at-
mosphere could be due to the interaction between dif-
ferent microorganisms, particularly LAB. Russo et al.
(2006) also report that in vitro, the counts of B. thermo-
sphacta were 2 log levels lower in the presence of LAB
than when there was not co-inoculation with LAB.

Pseudomonas spp. are strictly aerobic gram-negative
bacteria, but they are able to grow under near oxygen-
free conditions (Saucier et al., 2000). Chouliara et al.
(2008) detected Pseudomonas under a 30% CO2 and
70% N2 modified atmosphere. Similar results were
shown by Herbert et al. (2013) under a near oxygen-
free atmosphere. In both atmospheres, the growth of

Table 2. Development of growth parameters during storage of poultry under different atmospheres calcu-
lated with the Gompertz function

Growth parameters
Maximum growth rate [1/h] Duration lag phase [h] Nmax [log10 cfu/g] N(0) [log10 cfu/g]
O2 N2 O2 N2 O2 N2 O2 N2

TVC 0.021 0.022 60.5 69.5 8.4 8.3 3.2 3.3
B. thermosphacta 0.021 0.017 70.2 63.7 8.0 6.3 2.2 2.2
Lactobacillus spp. — 0.024 — 136.2 3.9 6.0 2.9 2.6
Enterobactericeae 0.013 0.019 48.1 93.3 5.6 7.0 1.5 2.5
Pseudomonas spp. 0.013 0.018 80.7 118.0 6.8 7.6 2.7 3.0
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Figure 2. Growth of Lactobacillus spp., B. thermosphacta, Enterobacteriaceae, and Pseudomonas spp. under high-nitrogen and high-oxygen
atmospheres (mean value ± SD of 4 analyses per sample point)

Pseudomonas spp. was comparable up to d 9. After
that, Pseudomonas spp. grew in an oxygen-containing
atmosphere at a slower rate than in a nitrogen atmo-
sphere (P > 0.05). At the end of storage, the nitrogen
atmosphere resulted in an insignificant increase of 0.8
log cfu/g in comparison with samples stored in high
oxygen concentrations (P > 0.05). A possible explana-
tion is the inhibition of Pseudomonas spp. due to high
oxygen concentration of the packaging, as described by
Lee et al. (2008). Another reason is substrate competi-
tion, as B. thermosphacta and Pseudomonas preferen-
tially use glucose as the main substrate (Russo et al.,
2006).

Enterobacteriaceae are facultative anaerobic bacteria,
which grow preferably under aerobic conditions. The
maximum number of Enterobacteriaceae at the end of
storage was higher for the nitrogen atmosphere than
the oxygen atmosphere (P < 0.05), but the maximum
growth rate was in the same range (Table 1). Thus,
this difference is because initial counts of Enterobacte-
riaceae were with 1 log10 level (P < 0.05) significantly
higher for the nitrogen atmosphere than for the oxygen
atmosphere (Table 1).

Sensory Evaluation

Figure 3 illustrates the development of the quality
index (QI) during storage. The QI increases linearly for
both atmospheres with increasing storage time. There is

Figure 3. Development of sensory parameters of chicken breast
fillets (mean values ± SD of 4 poultry samples per sample point)

no significant difference (P > 0.05) in the development
of the sensory quality index with and without oxygen.
The end of shelf life (calculated from time point zero
of the laboratory investigations, which means 24 h af-
ter slaughtering) is reached after approx. 10 d (236 h
for oxygen and 233 h for nitrogen). At this point, TVC
reaches an N2 value of 6.8 log10 cfu/g and an O2 value of
6.7 log10 cfu/g. Chouliara et al. (2007) reported a com-
parable value of 7 log10 cfu/g for fresh chicken meat,
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Figure 4. Development of texture, drip loss, color, and odor during storage of chicken breast fillets (n = 4)

reached after 11–12 d in a modified atmosphere com-
posed of 30% CO2 and 70% N2.

The development of meat texture, drip loss, color,
and odor during storage in oxygen- and in nitrogen-
containing atmospheres is illustrated in Figure 4. No
beneficial effect of oxygen is noticeable on color devel-
opment (P > 0.05). This is presumably due to the lim-
ited ability of poultry, as compared to pork or beef, to
form oxymyoglobin (Millar et al., 1994). This confirms
the assumption that high-oxygen packaging is not nec-
essary to preserve the color of white meat (Löwenadler,
1994). However, individual differences between the sam-
ples were noticeable because the color of poultry is in-
fluenced by several factors in addition to packaging con-
ditions.

The color is influenced by animal-specific differences
such as age, sex, meat moisture content, preslaughter
conditions, and processing variables (Faustmann, 1990;
Totosaus et al., 2007). There is no significant differ-
ence (P > 0.05) in the development of texture and drip
loss between the oxygen- and nitrogen-containing atmo-
spheres. Comparing the sensory criteria between oxygen
with nitrogen, neither of the two gas atmospheres has a
better effect on odor scoring (P > 0.05). In both atmo-
spheres, odor was the worst-rated sensory parameter.

Conclusion

The comparison between a high-oxygen and a high-
nitrogen atmosphere showed no relevant differences

between the two atmospheres. Based on the sensory
data, the shelf life of MA-packaged poultry was approx.
10 d under both atmospheres. However, the composi-
tion of the spoilage flora differed between the oxygen-
free and the high-oxygen atmospheres. Lactobacillus
spp. grew more quickly under the nitrogen-containing
atmosphere, whereas B. thermosphacta grew better un-
der the high-oxygen atmosphere than it did under the
high-nitrogen atmosphere.

Based on these results, it could be observed that high-
oxygen packaging has no additional beneficial effect on
microbial control and sensory quality loss and thus on
the shelf life of MAP poultry fillets.
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