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Abstract

The present work evaluated the possible role of volatile amines as indicator(s) of poultry meat spoilage. Fresh chicken meat (breast
fillet) was packaged in four different atmospheres: air (A), vacuum (VP) and two modified atmospheres (MAs), namely M1, 30%/65%/5%
(CO,/N,/0,) and M2, 65%/30%/5% (CO,/N,/O,). All chicken samples were kept under refrigeration (4 4 0.5 °C) for a period of 15
days. Of the four treatments, the VP and M1 and M2 gas mixtures were the most effective for delaying the development of aerobic spoil-
age microbial flora. Pseudomonas spp. in chicken samples stored under M2 gas mixture and VP were significantly lower than all the other
samples after 15 days of storage. Of the remaining bacterial species examined, lactic acid bacteria (LAB), Brochothrix thermosphacta,
were dominant in the microbial association of both aerobically- and MA-packaged chicken, while yeasts contributed to a much lesser
extent in the final microbial flora of chicken meat. On the basis of microbiological data (TVC), shelf-life extensions of 2, 4 and 9-10 days
were achieved by VP and M1 and M2 gas mixtures. Results of the present work showed that the limit of sensory acceptability (a score of
6) was reached for the aerobically, vacuum-packaged and M1 gas mixture chicken samples approximately on days 6-7 and 9-10, respec-
tively. Based on sensory (taste) analysis and with regard to chicken spoilage and freshness, TMA-N and TVB-N limit values of accept-
ability, namely 10.0 mg N/100 g and 40 mg N/100 g for chicken samples stored in air, may be proposed as the upper limit values for
spoilage initiation of fresh chicken meat stored aerobically. Interestingly, the M2 gas mixture sample did not reach these limit values
throughout the 15 day storage period. The formation of volatile amines during chill storage of chicken meat, under the packaging con-
ditions examined in the present study, seemed to be in good agreement with the increase in microbiological count (TVC) and sensory
taste score except for the M2 gas mixture.
© 2007 Elsevier Ltd. All rights reserved.
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1. Introduction ing on the initial microbiological quality of the poultry
carcasses (Russell, Fletcher, & Cox, 1996).

Chicken is a highly perishable food and it usually dete- Consumers’ concerns about the freshness of meat are

riorates within 1 week of slaughtering, regardless of storage
chill systems, and such spoilage is largely due to different
types of microorganisms, including bacteria, such as Pseu-
domonas spp., Shewanella putrefaciens and yeasts, depend-
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continually increasing. Reliable methods for assessing the
microbiological quality and/or freshness of meat would
benefit both consumers and the meat industry. Tradition-
ally, shelf-life studies of perishable meat and meat products
are carried out by evaluating the microbiological and sen-
sory quality of the product as a function of storage time.
Because traditional methods (based on direct microbial
analysis) are costly and time-consuming, alternative
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methods, involving chemical changes due to microbial
growth, have also been suggested as quality indicators of
meat (Dainty, 1996).

Modified atmosphere packaging (MAP) of foods has
gained considerable popularity as a modern method for
packaging fresh meat (Jeremiah, 2001). The combination
of CO,, N, and O, in modified atmosphere (MA) packs
is able to suppress the aerobic spoilage flora of perishable
foods, such as meat, fish and related products, and to sus-
tain their visual appearance (Davies, 1995; Gill, 1996).

While the microbiological changes in MA-packaged
meat are well established, the chemical changes accompa-
nying the growth of bacteria on meat during storage, either
aerobically or anaerobically, are not well investigated
(Garcia de Fernando, Nychas, Peck, & Orddnez, 1995).
It has been suggested that, in both cases, the metabolism
of glucose, lactic acid, amino acids and nucleotides can
occur during storage (Gill & Molin, 1991; Jay, 1986;
Nychas, Dillon, & Board, 1988). It is now well established
that the formation of amines, including non-volatiles, such
as the biogenic amines (BAs), and volatile amines (VAs),
such as trimethylamine nitrogen (TMA-N) and total vola-
tile basic nitrogen (TVB-N), is primarily a consequence of
the enzymic decarboxylation of specific amino acids due to
microbial enzyme activity (Barddcz, 1995; Haldsz, Bardth,
Simon-Sarkadi, & Holzapfel, 1994; Ruiz-Capillas & Jime-
nez-Colmenero, 2004). Although the determination of
BAs in poultry meat has been proposed as a useful indica-
tor of spoilage (Balamatsia, Paleologos, Kontominas, &
Savvaidis, 2006; Rokka, Eerola, Smolander, Alakomi, &
Ahvenainen, 2004; Silva & Gloria, 2002), there is little
information on the chemical changes of VAs occurring in
meat (Al-Bachir & Mehio, 2001; Balamatsia, Rogga,
Badeka, Kontominas, & Savvaidis, 2006; Byun et al.,
2003), including poultry, or products during refrigerated
storage.

The formation of BAs in breast chicken meat during
storage was studied under aerobic and MAP conditions
at 4 °C (Balamatsia, Paleologos, et al., 2006). Levels of
putrescine and cadaverine increased linearly with storage
time and were higher in aerobically packaged chicken sam-
ples. Spermine and spermidine levels were also detected in
both aerobically- and MA-packaged chicken meat. Levels
of tyramine in both chicken samples stored aerobically
and or under MAP were low (<10 mg/kg), whereas the for-
mation of histamine was only observed after day 11 of stor-
age. In another study, Silva and Gloria (2002) reported
levels of BAs in chicken meat and chicken-based meat
products. Immediately after slaughter, spermine and sper-
midine were detected in breast and thigh meat. The pres-
ence of putrescine, cadaverine, histamine, and tyramine
was observed in chicken samples after 15 days of refriger-
ated storage, and levels of these amines were higher in
breast than in thigh meat. Chicken-based meat products
also contained spermine and spermidine (Silva & Gloria,
2002). Recently, it was concluded that tyramine, putrescine
and cadaverine could serve as quality indicators of MA-

packaged broiler chicken meat (Rokka et al., 2004). With
regard to meat quality, only recently TVB-N limit values
of ca. 20 and 30 mg N/100 g for beef and pork (corre-
sponding to 8 and 10 days of refrigerated storage, respec-
tively) have been proposed as indicators of meat quality
(Byun et al., 2003). The objectives therefore, of the present
study were to: (1) determine the changes (formation) of vol-
atile amines (TVB-N, TMA-N) in breast chicken meat dur-
ing storage under aerobic and MAP conditions at 4 °C, (2)
correlate microbial and sensory changes in chicken meat
under the same storage conditions with formation of vola-
tile amines, and (3) investigate the possible role of VAs as
chemical indicators of chicken meat spoilage.

2. Materials and methods
2.1. Preparation of samples and storage conditions

Chicken breast fillets, 24 h after slaughter, were pro-
vided by a local poultry meat processing company (PIN-
DOS, S.A., Ioannina, Greece). The fillets were placed on
ice in insulated polystyrene boxes, and transported to the
laboratory within 1 h of the chopping process. The chicken
breast fillet samples (ca. 150 & 10 g) were then placed in
polyethylene/polyamide/low density polyethylene (LDPE/
PA/LDPE) barrier pouches (one fillet per pouch), 75 pm
in thickness, having an oxygen permeability of 52.2 cm?
m~2day ' atm™! at 75% relative humidity (RH), 23 °C, a
carbon dioxide permeability of 191 cm® m~2day ' atm™!
at 0% RH, 23°C and a water vapour permeability of
2.4 g 2day ! at 100% RH, 23 °C. The following gas mix-
tures were used: M1, 30%/65%/5% (CO,/N,/O,) and M2,
65%/30%/5% (CO,/N»/O,). Gas mixtures were prepared
using a PBI-Dansensor model mix 9000 gas mixer (Ring-
sted, Denmark). Pouches were heat-sealed using a BOSS
model N48 vacuum sealer (Bad Homburg, Germany) and
kept under refrigeration (4 £ 0.5°C). Identical chicken
samples were vacuum- and aerobically packaged, the latter
being used as control samples. Samples were analysed at
predetermined time intervals, namely, 1, 3, 5, 7, 11 and
15 days of storage.

2.2. Microbiological analysis

Chicken meat samples (25 g) were weighed aseptically,
transferred to a stomacher bag (Seward Medical, London,
UK), containing 225 ml of sterile quarter-strength Ringer’s
solution, and homogenized using a stomacher (Lab Blen-
der 400, Seward Medical, London, UK) for 60 s at room
temperature (25 °C). For microbial enumeration, 0.1 ml
samples of serial dilutions (1:10, diluent, and quarter-
strength Ringer’s solution) of chicken homogenates were
spread on the surfaces of dry media.

Total viable counts (TVC) were determined using plate
count agar (PCA, Merck code 1.05463, Darmstadt, Ger-
many), after incubation for 3 days at 30 °C. Pseudomo-
nads were determined on cetrimide fusidin cephaloridine
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agar (Oxoid code CM 0559, supplemented with selective
supplement SR 0103, Basingstoke, UK) after incubation
at 25°C for 2 days (Mead & Adams, 1977). Brochothrix
thermosphacta was determined on streptomycin sulphate—
thallous acetate—cycloheximide (actidione) agar, prepared
from basic ingredients in the laboratory after incubation
at 25°C for 3 days (Gardner, 1966). For members of
the family Enterobacteriaceae, a 1.0 ml sample was inocu-
lated into 10 ml of molten (45 °C) violet red bile glucose
agar (Oxoid code CM 0485, Basingstoke, UK). After set-
ting, a 10 ml overlay of molten medium was added and
incubation was at 30 °C for 24 h. The large colonies with
purple haloes were counted (Mossel, Eelderink, Koop-
mans, & Rossem, 1979). Lactic acid bacteria (LAB) were
determined on de Man Rogosa Sharpe medium (Oxoid
code CM 0361, Basingstoke, UK) after incubation at
25 °C for 5 days. Yeasts were enumerated using Rose Ben-
gal chloroamphenicol agar (RBC, Merck code 1.00467,
Darmstadt, Germany) after incubation at 25 °C for 5 days
in the dark.

2.3. Sensory evaluation

Frozen chicken breast fillet (ca. 150 g) was cooked in a
microwave oven at high power (700 W) for 4 min, includ-
ing time to defrosting. A panel of seven judges, experienced
(laboratory-trained) in poultry evaluation, was used for
sensory evaluation. All panellists who evaluated the sen-
sory attributes of cooked chicken had previously partici-
pated in training sessions to become familiar with the
sensory characteristics of cooked chicken. Panellists were
asked to evaluate taste, odour and appearance intensities
of the cooked samples. Along with the test samples, the
panellists were presented with a freshly thawed chicken
sample, stored at —30 °C throughout the experiment, and
cooked as described before, this serving as the reference
sample.

Acceptability as a composite of odour, taste and appear-
ance was estimated using a scale ranging from 0 to 9. The
scale points were: excellent, 9; very good, 8; good, 7;
acceptable, 6; poor (first off-odour, off-taste development)
<6; a score of 6 was taken as the lower limit of acceptabil-
ity. The product was defined as unacceptable after develop-
ment of first off-odour or off-taste.

2.4. Chemical analysis

The pH value was recorded using a Metrohm (Herisau,
Switzerland), model 691, pH meter. Chicken samples were
thoroughly homogenized with distilled water (1:10) and the
homogenate used for pH determination. Trimethylamine
nitrogen (TMA-N) analysis was carried out according to
the method proposed by AOAC (1990). Total volatile basic
nitrogen (TVB-N) was determined according to the method
of Malle and Poumeyrol (1989). The TMA-N and TVB-N
contents were expressed as mg of TMA-N and TVB-N per
100 g of chicken muscle.

2.5. Statistical analysis

Experiments were replicated twice on different occasions
with different chicken samples. Triplicate samples were
analyzed per replicate. Data from each replication were
averaged and log transformed (microbiological). These
data were subjected to analysis of variance (ANOVA)
using the software Statgraphics (Statistical Graphics Corp.,
Rockville, MD, USA). Means and standard deviations
were calculated and, when F-values were significant at the
p <0.05 level, mean differences were separated by the least
significant difference (LSD) procedure (SAS, 1999).

3. Results
3.1. Microbiological analysis

The initial TVC of chicken meat (Fig. 1) was ca.
4.91og cfu/g (day 1). A TVC count of 7-8log cfu/g has
been used to mark the end of microbiological shelf-life of
fresh poultry (Senter, Arnold, & Chew, 2000) and, in the
present study, an arbitrary value for TVC of 7log cfu/g
was taken for the upper acceptability limit of fresh chicken
meat. This value was exceeded on day 5 (A), on day 7 (VP)
and on days 11 and 15 (M1 and M2 gas mixture-packaged
samples, respectively). After 15 days of storage, the VP, M1
and M2 chicken samples had significantly lower (p < 0.05)
TVC counts than the control (A) samples.

Initial population of Pseudomonads, Gram-negative
contributor of natural flora of chicken meat was ca.
4.2log cfu/g while a count of 7logcfu/g was exceeded
between days 7-11 of storage (control samples), whereas
VP, M1 and M2 chicken samples did not reach this popu-
lation throughout the entire experiment (15 days) (Fig. 2).
After 15 days of storage the M2 gas mixture and VP sam-
ples had a significantly lower (p < 0.05) Pseudomonas spp.
count (5.1-6.31og cfu/g) than all the rest samples.

Lactic acid bacteria were also part of the natural flora of
chicken (results not shown). Initial LAB count was ca.
3.91log cfu/g while a count of 7log cfu/g was exceeded on
day 5 (A) and on day 12 (VP) samples, respectively. The
M1 and M2 gas mixture-packaged samples did not reach

1 3 5 7 9 11 13 15
Storage (Days)

Fig. 1. Changes in total viable counts of chilled fresh chicken meat during
storage in air (M), under VP (#), and under M1 (A) and M2 (@) gas
mixtures. Each point is the mean of three samples taken from two replicate
experiments (n =3 x 2 =6) + SD.
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1 3 5 7 9 11 13 15
Storage (Days)

Fig. 2. Changes in Pseudomonas spp. counts of chilled fresh chicken meat
during storage in air (H), under VP (¢), and under M1 (A) and M2 (@)
gas mixtures. Each point is the mean of three samples taken from two
replicate experiments (n =3 x 2 =6) £+ SD.

this value throughout the 15-day storage period. Of the
remaining facultative anaerobic species, examined in this
study, both Enterobacteriaceae and B. thermosphacta were
also dominant bacterial groups in chicken spoilage (Figs. 3
and 4, respectively), producing lower (p < 0.05) counts for
VP and MAP samples in comparison to air-packaged
chicken samples throughout the entire storage period.
Finally, yeasts were less numerous (3.1-4.1log cfu/g) than
bacteria in chicken samples stored in air, under VP and
MAs (results not shown).

3.2. Sensory evaluation
Sensory scores for odour and taste of microwave-
cooked chicken decreased with time of refrigerated storage

(Fig. 5a and b). A score of 6 was taken as the lower limit of
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Fig. 3. Changes in Enterobacteriaceae counts of chilled fresh chicken
meat during storage in air (H), under VP (4), and under M1 (A) and M2
(@) gas mixtures. Each point is the mean of three samples taken from two
replicate experiments (n =3 x 2 =6) £+ SD.
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Fig. 4. Changes in Brochothrix thermosphacta counts of chilled fresh
chicken meat during storage in air (H), under VP (¢), and under M1 (A)
and M2 (@) gas mixtures. Each point is the mean of three samples taken
from two replicate experiments (n =3 x 2 = 6) + SD.
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Fig. 5. Changes in off-odour (a) and off-taste scores (b) of chilled fresh
chicken meat during storage in air (H), under VP (#), and under M1 (A)
and M2 (@) gas mixtures. Each point is the mean of three samples taken
from two replicate experiments (n =3 x 2 = 6) + SD.

acceptability, corresponding to initial off-odour or off-taste
development. Odour and taste showed similar patterns of
decreasing acceptability (Fig. 5a and b). All vacuum- and
MA-packaged chicken samples received higher sensory
scores (p < 0.05) than air-packaged samples, as judged by
the above attributes. This trend was more apparent after
day 3 and continued throughout the entire period of refrig-
erated storage. The limit of acceptability of odour was
reached approximately on day 7 for the air- and vacuum-
packaged samples and on day 9 for the M1 gas mixture-
packaged chicken, whereas the limit of acceptability for
odour was not reached for chicken samples packaged
under M2 gas mixture, even after 15 days of storage
(Fig. 5a).

Sensory scores for taste were only recorded for chicken
samples that had not exceeded the microbiological limit
value of 7log cfu/g since these samples were judged as unfit
to taste (Fig. 5b). The limit of acceptability for taste was
reached approximately on days 6-7 and 10 for chicken
samples packaged in air and under vacuum, respectively.
Similarly to odour, the limit of acceptability for taste was
not reached for samples packaged under M2 gas mixture
even after 15 days of storage. Appearance scores for all
chicken samples decreased at a slower rate than odour
and taste scores, never reaching the lower acceptability
limit of 6 (results not shown).

3.3. Chemical analysis

The pH of fresh chicken muscle was about 6.32. The val-
ues of pH showed no statistically significant (p > 0.05)
changes for chicken packaged in air and under VP and
MAs during the entire period of storage (results not
shown). The TMA-N values for all chicken packaged
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breast portions are presented (Fig. 6). The initial TMA-N
content was low (1.14 mg N/100 g). After ca. day 3 of stor-
age, TMA-N values of the control and vacuum-packaged
samples were significantly higher (p <0.05) than those of
MAP chicken and increased at a higher rate than the cor-
responding values of all other groups of samples through-
out storage period. The TMA-N reached the values of 21.5
and 23.2 mg N/100 g, respectively, for the air- and vacuum-
packaged samples after 15 days of storage. Final TMA-N
values for all chicken samples packaged under MAs were
significantly lower (p < 0.05) than those of chicken samples
packaged in air and under vacuum. In a similar trend,
TVB-N values of chicken increased from an initial value
of ca. 20.5 mg N/100 g to final values of 54.5, 45.8, 43.1
and 29.6 mg N/100 g for air-, vacuum-, M1 and M2 gas
mixture-packaged chicken samples, respectively (Fig. 7).
As previously noted for TMA-N, significantly lower
(p <0.05) TVB-N values were recorded for all chicken sam-
ples packaged under MAs than for chicken samples pack-
aged in air and under vacuum.

4. Discussion

The development of aerobic and anaerobic (VP and
MAs) bacterial association of chicken meat (breast por-
tions), consisting mainly of Pseudomonas spp., LAB, Enter-
obacteriaceae, B. thermosphacta and yeasts was reported
earlier for poultry meat and poultry products (Gill, Harris-
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Fig. 6. Changes in trimethylamine nitrogen (TMA-N) values of chilled
fresh chicken meat during storage in air (H), under VP (¢), and under M1
(A) and M2 (@) gas mixtures. Each point is the mean of three samples
taken from two replicate experiments (n =3 x 2 =6) = SD.
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Fig. 7. Changes in total volatile basic nitrogen (TVB-N) values of chilled
fresh chicken meat during storage in air (H), under VP (¢), and under M1

(A) and M2 (@) gas mixtures. Each point is the mean of three samples
taken from two replicate experiments (n =3 x 2 =6) £+ SD.

son, & Penney, 1990; Jimenez, Salsi, Tiburzi, Rafaghelli, &
Pirovani, 1999; Kakouri & Nychas, 1994; Saucier, Gen-
dron, & Gariepy, 2000). Both VP and MAs, as expected,
delayed the development of aerobic spoilage microbial
flora, due to the anaerobic micro-niche (VP storage) and
the CO, action. The CO,, because of its bacteriostatic effect
inhibits the growth of aerobic spoilage microorganisms
such as Pseudomonas spp. and yeasts, as a result of an exten-
sion of the lag phase of growth and a decrease in the growth
rate during the logarithmic phase (Farber, 1991).

Of the remaining bacterial species examined, LAB
growth (facultative anaerobic species), was dominant in
the microbial association of both aerobically- and MA-
packaged chicken, indicating that this bacterial group is
of importance in chicken meat spoilage, in accordance with
the findings of Jimenez et al. (1999) and Saucier et al.
(2000). The development of the facultative anaerobic bacte-
rium B. thermosphacta in chicken breast portions packaged
under VP and MAs is in agreement with earlier reports
(Drosinos & Nychas, 1996; Kakouri & Nychas, 1994), con-
firming its remarkable spoilage potential with regard to
meats, including poultry and poultry products. Of the
microbial associations developed in chicken meat under
the packaging treatments examined in the present study
(aerobic and MAP), yeasts contribute to a much lesser
extent in the final microbial flora of chicken meat. Present
results obtained for yeasts in chicken meat are in agreement
with results obtained by Ismail, Deak, Abd El-Rahman,
Yassien, and Beuchat (2000) for various chicken products.
It is noteworthy that both Pseudomonas spp. and yeasts,
species known to grow strictly under aerobic storage, grad-
ually increased in VP chicken samples; this can be attrib-
uted to the oxygen transmission rate of the packaging
material, as oxygen levels as low as 1% are enough to sup-
port the growth of these organisms under VP conditions.

On the basis of microbiological data (TVC) in our study,
a shelf-life extension of 2, 4 and 9-10 days was achieved by
VP and M1 and M2 gas mixtures, in agreement with results
reported by Kakouri and Nychas (1994) and by Jimenez
et al. (1999) for poultry meat stored under MAP.

Results of the present work show that the limit of sen-
sory acceptability (a score of 6) was reached for the aerobi-
cally, vacuum-packaged and M1 gas mixture-packaged
chicken samples approximately on days 6-7 and 9-10,
respectively. For these treatments (air, VP, M1), the limit
of overall sensory acceptability coincided with the time
when the Pseudomonas spp., LAB, and Enterobacteriaceae
counts were around 6 and 7log cfu/g. The use of VP and
MA:s, as shown in the present study, resulted in an exten-
sion of shelf-life of chicken breast portions by approxi-
mately 2-3 days (M1 gas mixture), and by more than 9
days (M2 gas mixture), respectively. Overall acceptability
data of air-, vacuum- and MA-packaged chicken samples
correlated rather well with TVC data. Chicken meat was
better preserved under M2 gas mixture, maintaining
acceptable odour/taste attributes, even on the final day of
storage.
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In other studies on raw poultry products, the use of
MAP resulted in a shelf life extension of 14 days of chicken
carcasses (Sawaya, Elnawawy, Abu-Ruwaida, Khalafawi,
& Dashti, 1995). The same shelf-life was recorded for
chicken breast portions stored under 70% CO,/30% N,
(Jimenez et al., 1999) and for chicken breasts after dipping
in phosphate-spice marinade mix prior to VP at 4°C
(Buses & Thomson, 2003). Similarly, a shelf-life extension
of 4-7 and 8 days was achieved for raw poultry treated
with EDTA-nisin and stored under VP and for chicken legs
after dipping in 5-10% trisodium phosphate without affect-
ing sensory quality, respectively (Cosby, Harrison, &
Toledo, 1999; Kim & Marshall, 1999).

Few studies (Balamatsia, Paleologos, et al., 2006; Bala-
matsia, Rogga, et al., 2006; Byun et al., 2003; Nychas
et al., 1988; Rokka et al., 2004) have been published on
the use of chemical indicators for predicting the microbial
quality of meat (including fresh poultry and poultry prod-
ucts) in contrast to the wealth of information that is avail-
able for various fish species (Connell, 1990). Limited
information is available on production of volatile amines
in meat, including chicken (Silva & Gloria, 2002). The
VAs, such as TMA-N and TVB-N, have been used to
assess the extent of spoilage and freshness of marine fish,
and upper TMA-N and TVB-N limits of 1-15 and 30-
35 mg N/100 g have been suggested for seafood freshness,
respectively (Connell, 1990). With regard to meat quality,
only recently TVB-N limit values of ca. 20 and 30 mg N/
100 g for beef and pork (corresponding to 8 and 10 days
of refrigerated storage, respectively) have been proposed
as indicators of meat freshness and shelf-life (Byun et al.,
2003).

Based on sensory (taste) analysis and with regard to
chicken spoilage and freshness, a TMA-N value of ca.
10.0 mg N/100 g may be proposed as the upper limit for
spoilage initiation of fresh chicken meat stored aerobically.
Respective TVC (day 6) for aerobically stored chicken
meat was ca. 10’ cfu/g. This limit value was reached on
days 7-8 and 11-12 for chicken samples packaged under
vacuum and under M1 gas mixture. Interestingly, the M2
gas mixture sample did not reach this value throughout
the 15 day storage period. When using 10 mg of TMA-
N/100 g as a limit of acceptability for fresh chicken meat
freshness, the chicken breast fillets stored in air, under
VP and M1 gas mixture would have been rejected after
ca. 6, 7-8 and 11-12 days, respectively, and, interestingly,
during this storage period, TVC had reached -ca.
7log cfu/g, accompanied by sensory deterioration of
chicken samples. The results obtained in this study indicate
that both VP and MAP (M1 and M2 gas mixtures) have a
considerable effect on the production of TMA-N in chicken
meat. It is likely that the restriction of bacterial growth
(H,S-producing bacteria) and other species (responsible
for production of volatile amines) may have a positive
effect on the deterioration of the sensory attributes of
chicken meat, though this bacterial group was not moni-
tored in the present study.

Total volatile basic nitrogen is a product of bacterial
spoilage and often used as a chemical index to assess the
quality and shelf-life of seafood products (Connell, 1990).
Because ammonia production increases due to the deami-
nation of amino acids during spoilage, TVB-N has been
proposed as an index of fresh meat quality and maximum
acceptability limit values between of 20 and 30 mg N/100 g
have been suggested for beef and pork, respectively (Sing-
hal, Kulkarni, & Rege, 1997).

In the present study, fresh chicken samples packaged
under aerobic condition were judged unacceptable between
days 5-7 of storage, based on microbiological and sensory
parameters. It must be noted that a good correlation was
noted between sensory (taste) and microbiological (TVC)
parameters of chicken meat packaged in air, under vacuum
and MAs (M1 and M2 gas mixtures). Considering a TVB-
N limit value of acceptability of 40 mg N/100 g (day 6 of
storage) for chicken samples stored in air, by inspection
of Fig. 7, it is apparent that, in the present study, for sam-
ples stored under vacuum and under M1 gas mixture, TVB-
N levels surpassed 40 mg N/100 g, the recommended limit
for palatability for fresh chicken between days 7-8 and
days 11-12 of refrigerated storage. Interestingly, as previ-
ously for TMA-N, chicken samples packaged under M2
gas mixture never reached the maximum acceptability
value of 40 mg N/100 g during the entire period of storage.
Based on the TVB-N value of 40 mg N/100 g, it may be
postulated that a shelf-life extension of 1-2 and 5-6 days
was obtained for chicken samples stored under vacuum
and under M1 gas mixture, respectively. Singhal et al.
(1997) suggested that stored meat (beef, pork) is not neces-
sarily unpalatable until the TVB-N value reaches 30 mg N/
100 g.

To our knowledge, this is the first report of volatile
amines (TMA-N and TVB-N) that could be used as poten-
tial chemical indicators in predicting the microbial quality
of fresh chicken meat during chill storage under aerobic
and MAP conditions (CO,/N,/O,: gas mixtures,
M1:30%/65%/5% and M2:65%/30%/5%). The formation
of VAs during chill storage of chicken meat under the
packaging conditions examined in the present study
seemed to be in a good agreement with the increase in
the microbiological counts (TVC) and sensory scores
(taste) except for the M2 gas mixture.

5. Conclusions

It is important to stress, as a final point, that present rec-
ommendations on levels of amines as potential indices of
fresh chicken meat quality correspond to samples from
one poultry plant and thus their general application is yet
to be verified. In conclusion, further studies are needed
since limited information is available to date, with regard
to establishing acceptability limit values of volatile amines,
both TMA-N and TVB-N that could be used as potential
indicators in predicting the freshness and quality of poultry
meat.
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