
2011 International Nuclear Atlantic Conference - INAC 2011 
Belo Horizonte,MG, Brazil, October 24-28, 2011 
ASSOCIAÇÃO BRASILEIRA DE ENERGIA NUCLEAR - ABEN 
ISBN: 978-85-99141-04-5 

 
CHARACTERIZATION OF VACUUM-PACKED AND IRRADIATED FR OZEN 

TURKEY MEAT ( Meleagris gallopavo) 

 
Fábio C. Henry1, Teófilo J. P. Silva2, Helio C. Vital3, Robson M. Franco2, Mônica Q. 

Freitas2, Edgar F. O. de Jesus4, Felipe R. F. A. do Valle1 and Carlos H. S. Moulin1 

 
1Centro de Ciências e Tecnologias Agropecuárias,  

Universidade Estadual do Norte Fluminense (UENF) 
Av. Alberto Lamego, 2000 

28013 602 Campos dos Goytacazes, RJ 
fabiocosta@uenf.br 

 
2Departamento de Tecnologia de Alimentos, Faculdade de Medicina Veterinária,  

Universidade Federal Fluminense (UFF) 
Rua Vital Brazil, 64 

24230-340 Niterói, RJ 
mtatjps@vm.uff.br 

 
3Seção de Defesa Nuclear, Divisão de Defesa Química, Biológica e Nuclear,  

Centro Tecnológico do Exército (CTEx) 
Av. das Américas, 28705, Guaratiba 

23020-470 Rio de Janeiro, RJ  
vital@ctex.eb.br  

 
4Coordenação dos Programas de Pós-Graduação em Engenharia,  

Universidade Federal do Rio de Janeiro (UFRJ) 
Centro de Tecnologia, Bloco G, Cidade Universitária, 

21945 970 Rio de Janeiro, RJ  
edgar@lin.ufrj.br 

 
 

 
 
 

ABSTRACT 
 
Irradiation is known to enhance the sanitary quality and extend the commercial shelf life of many kinds of food 
such as meat products. In this work, boned breasts from nine male turkeys, slaughtered according to the 
surveillance requirements of the Brazilian Federal Inspection Service, were purchased from a registered 
producer. They were then cut, vacuum packed, frozen at -18o C, exposed to gamma radiation at doses of 1 and 
3kGy and kept in storage at -18o C for up to 540 days. Chemical analyses as well as sensory tests for taste, color 
and overall impression were performed on days 5, 180, 360 and 540 of storage. Statistical analyses were 
performed in order to investigate possible significant effects arising from the combination of treatments used (a- 
freezing, b- freezing and irradiation with 1kGy and c- freezing and irradiation with 3kGy) as functions of time. 
In the beginning of storage, the levels of lipids in samples irradiated with 3 kGy were about twice those found in 
unirradiated ones, with TBARS values increasing with storage time in all samples. However, the results from 
the sensory tests performed have indicated that irradiation with doses of 1 and 3 kGy does not significantly 
impact the acceptance of taste, flavor, color or the overall sensory impression of frozen turkey breast meat.  
 
 
 

1. INTRODUCTION 
 
Turkey meat is drawing the attention of nutritionists and consumers as it has been standing 
out as a high-quality product. However, the increasing number of foodborne diseases caused 
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by etiological agents in the past years is becoming a concern for researchers and the poultry 
industry. Irradiation is one of the alternative technologies for food treatment that is being 
adopted worldwide [1-3]. However, ionizing radiation can have a negative effect on lipids, 
because they are quickly oxidized and the polyunsaturated fatty acids produce acid peroxides. 
On the other hand, raw chicken irradiated and stored in aerobic packaging has been shown to 
lose the irradiation-induced, oxidized odor after 7 days, although that off-odor has been found 
to remain if the same meat is kept stored in vacuum [4]. In order to investigate those effects, 
this work has been focused on turkey meat preservation using two different doses of gamma 
radiation (1 kGy and 3 kGy). Consequently, the turkey meat samples in this work have been 
subjected to either freezing alone (control) or freezing followed by irradiation with two 
different doses of gamma radiation. The following analyses have been performed in this work 
to determine the efficacy of the irradiation process in the conservation of frozen turkey meat: 
sensory acceptance tests for flavor, color and overall impression and chemical tests based on 
substances reactive to thiobarbituric acid. 

 
 

2. EXPERIMENTS 
 
Forty-eight selected cuts of boned turkey breasts were packed in vacuum, labeled, inserted in 
isothermal containers and stored at freezing temperature (-18oC). Those 48 samples were 
randomly separated in 3 groups of 16 samples and each group was submitted to one of the 
following treatments: (a) irradiation with 1 kGy; (b) irradiation with 3 kGy; (c) storage only 
(unirradiated control). Irradiation was performed in a gammacell facility with a cobalt-60 
source in the Nuclear Instrumentation Laboratory of the Federal University of Rio de Janeiro 
(UFRJ/COPPE). At every 6 months of storage at -18oC, 12 samples were analyzed, as 4 
repetitions were performed for each of the three treatments tested (frozen meat, frozen meat 
irradiated at 1 kGy dose and frozen meat irradiated with 3 kGy dose). The analyses began one 
day after irradiation or the fifth day (5th) after slaughter and were repeated on days 180, 360 
and 540 of storage. 

 
Thirty consumers were randomly chosen among undergraduate and graduate students, faculty 
and technical-administrative employees at the Veterinary Medicine School of the Fluminense 
Federal University, from both genders and with ages ranging between 18 and 56 years old. 
Each consumer judged the meat samples based on color, flavor, taste and overall impression 
caused and expressed his acceptance for each attribute by using a 9-point hedonic scale 
ranging from 1 = dislike extremely to 9 = like extremely [5]. Lipid stability was monitored by 
determining the level of thiobarbituric acid reactive substances (TBARS) [6]. The results 
from the sensory (acceptance test) and chemical (thiobarbituric acid reactive substances) 
analyses were compared using ANOVA, considering a completely randomized design (CRD) 
and applying Tukey`s test at 5% confidence level. The efforts were aimed at determining 
significant correlations relating the results for samples submitted to the 3 treatments tested 
(frozen samples irradiated with 0, 1 or 3 kGy) at 4 different times of storage (5, 180, 360 and 
540 days) [7]. 
 
 

3. RESULTS AND DISCUSSION 
 

Sensory and chemical analyses of frozen turkey breast meat were performed in this work at 4 
different storage times. The former analyses were intended to provide information on the 
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degree of sensory acceptance of the meat, while the latter were performed to evaluate the 
degree of lipid oxidation in the samples. Both types of analyses are described in this section. 

3.1 Sensory Analyses 
 
In order to evaluate the consumer affection for the product, acceptance tests of flavor, taste, 
color and overall impression were performed. The results were expressed according to a 9-
point hedonic scale ranging from 1 = “disliked extremely” to 9 = “liked extremely”. Table 1 
shows the values attributed to flavor for different treatments and times in storage. 
 
 
 

Table 1. Average acceptance levels regarding flavor of frozen turkey breast 
irradiated with 0 (control), 1 and 3 kGy and stored for 5, 180, 360 and 540 days 

 

Treatment 
Storage Time 

5 days 180 days 360 days 540 days 
Control 6.37 ± 1.50aA 6.63 ± 1.54aA 5.80 ± 1.92abA 5.30 ± 1.56bB 

1kGy 6.53 ± 1.61Aa 6.50 ± 1.38aA 5.80 ± 1.75aA 6.07 ± 1.48aA 

3kGy 5.97 ± 1.96Aa 6.07 ± 1.48aA 6.13 ± 1.74aA 6.27 ± 1.91aA 

Averages at the same (line/column) followed by different (lower-case/upper-case) 
(respectively) letters are different from each other according to Tukey`s test (p<0.05). 

 
 
 

After 540 days of storage, the flavor of the irradiated samples was judged more attractive 
than the flavor of the control. Thus it can be concluded that the irradiated samples exhibited a 
better flavor than the unirradiated ones, probably due to the combined action of treatments 
that prevented the samples from acquiring the undesirable off-flavor, typical of irradiated 
meat. Table 2 shows how the acceptance of taste varied with storage time for the three 
treatments tested. 

 
 
 

Table 2. Average acceptance levels regarding taste of frozen turkey breast irradiated 
with 0 (control), 1 and 3 kGy and stored for 5, 180, 360 and 540 days 
 

Treatment 
Storage Time 

    5 days    180 days   360 days    540 days 
    Control 6.90 ± 1.42aA 7.57 ± 1.14aA 7.23 ± 1.57aA 6.43 ± 1.50aA 

    1 kGy 7.07 ± 1.72aA 7.50 ± 1.11aA 6.70 ± 2.04aA 6.53 ± 1.63aA 

    3 kGy 5.63 ± 2.43bB 6.93 ± 1.41aA 7.03 ± 1.56aA 7.03 ± 1.10aA 

Averages at the same (line/column) followed by different (lower-case/upper-case) letters, 
(respectively), are different from each other according to Tukey`s test (p<0.05). 
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A significant (p<0.05) reduction in the degree of acceptance of taste of the turkey meat 
samples irradiated with 3 kGy was observed after five days of storage. That finding suggests 
that during irradiation occurred a reduction in the sensory quality with regard to such 
attribute. Taste is known to be a complex sensation which involves the senses of smell, taste 
itself and tactile perception exercised during the action of tasting [8], therefore the lower 
evaluations in the beginning of storage may have also been affected by the development of 
off-odors.  
 
Table 3 shows average grades expressed in the hedonic scale regarding acceptance of color 
for samples submitted to the three treatments tested (control, irradiated at 1 kGy and 
irradiated at 3 kGy) and for four storage periods. 

 
 
 

Table 3. Average acceptance levels regarding color of frozen turkey breast irradiated 
with 0 (control), 1 and 3 kGy and stored for 5, 180, 360 and 540 days 
 

Treatment 
Storage Time 

    5 days    180 days   360 days   540 days 
     Control 7.37 ± 0.96aA 7.80 ± 0.92aA 7.03 ± 1.54abB 6.27 ± 1.64bA 

     1 kGy 6.77 ± 1.91aA 7.00 ± 1.36aB 6.87 ± 1.33aB 6.13 ± 1.85aA 

     3 kGy 6.43 ± 2.30aA 7.30 ± 1.15aB 7.60 ± 1.40aA 6.90 ± 1.42aA 

Averages at the same (line/column) followed by different (lower-case/upper-case) letters, 
(respectively), are different from each other according to the Tukey test (p<0.05). 

 
 
 
After 360 days of storage, a significant (p<0.05) preference for the color of the samples 
irradiated with 3kGy over that of the control was noticed, probably due to their more 
attractive dark pinkish coloration when compared to those from the other treatments. 
 
That same sensorial effect was confirmed by colorimetric data in another work [9]. In another 
investigation, the acceptance of the color of chicken meat evaluated in sensory tests was 
compatible with results from instrumental analyses performed before and after irradiation. It 
was then concluded that irradiation intensified the typical red coloration turning the meat 
more attractive to the consumers. The authors suggested that the changes in color could be 
related to the formation of CO radical, known to be related to the development of off-flavor 
in irradiated products, and that ensues from the increased levels of acetaldehyde [10].  
 
Table 4 lists the average grades assigned to the overall impression of the turkey meat samples 
for three different treatments tested and four storage periods. Based on the results, it can be 
concluded that irradiation helped preserve the overall impression of the samples, although, 
initially, it had a small negative impact at dose of 3 kGy that diminished with time.  
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Table 4. Average acceptance levels regarding the overall impression of frozen turkey 
breast irradiated with 0 (control), 1 and 3 kGy and stored for 5, 180, 360 and 540 days 
 

    Treatment 
Storage Time 

    5 days    180 days   360 days   540 days 
     Control 6.90 ± 1.09abA 7.41 ± 1.09abA 7.00 ± 1.55aA 6.10 ± 1.37bB 

     1 kGy 6.67 ± 1.86aA 7.13 ± 0.97aAB 6.67 ± 1.75aA 6.53 ± 1.78aAB 

     3 kGy 5.83 ± 2.29bA 6.70 ± 1.37abB 7.10 ± 1.37aA 6.93 ± 1.11aA 

Averages at the same (line/column) followed by different (lower-case/upper-case) letters, 
(respectively), are different from each other according to the Tukey`s test (p<0.05). 
 
 
 
3.2 Lipid Stability Analyses 
 
Care should be taken to avoid lipid oxidation during storage, since it can interfere with the 
identification of compounds in the lipid fraction. Thus, substances that could originate from 
lipid oxidation, such as those reactive to the thiobarbituric acid (TBARS), have been 
monitored in this work throughout storage in order to access lipid stability (Fig. 1).  
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Figure 1. Average values of thiobarbituric acid reactive substances in frozen turkey 
breast irradiated   with 0 (control), 1 and 3 kGy and kept in storage for up to 540 days 

 
 
 

It is evident from Fig. 1 that both irradiation and storage contributed to accelerate lipid 
oxidation, as significantly (p<0.05) higher TBARS levels were found in the samples 
irradiated with 3 kGy since the first analyses and such levels were seen to increase with 
storage time.  
 
The values observed in this study agree with those reported in a work that investigated the 
influence of irradiation on lipid oxidation in various types of meat (such as pork, lamb, beef, 
turkey breast and thigh) using doses up to 10 kGy [11]. Levels of TBARS in cooled turkey 
thighs cuts irradiated with 2.5 kGy were also found to increase from 0.28 to 1.24 mgMal/kg 
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during a 7-day storage period, leading to the conclusion that irradiation intensified lipid 
oxidation [12]. In other work, TBARS values for meat samples stored in air-permeable 
packages were found to be higher in samples irradiated than in un-irradiated ones and storage 
was also proved to increase TBARS [13]. The results obtained in this work, for vacuum-
packed turkey breast meat irradiated with 3 kGy agree with those from another investigation 
that also found lower lipid oxidation in vacuum-packed samples since the beginning of 
storage [14]. In spite of the fact that all TBARS values have been found to increase with 
gamma radiation dose and storage time (p<0.05), they remained below the currently enforced 
limits [15,16], indicating the good quality of the product. That finding is indicative that 
frozen turkey meat irradiated with 3 kGy remains appropriate for consumption for 540 days 
or longer. 

 
 

4. CONCLUSIONS  
 
It has been concluded from the experiments that the level of lipids in all frozen turkey meat 
samples significantly increased throughout the storage period. In addition, the TBARS values 
approximately doubled during irradiation with 3 kGy and remained consistently higher than 
control, exhibiting a similar trend to those in unirradiated samples throughout the storage 
period. The results from the sensory tests performed have indicated that irradiation with doses 
of 1 and 3 kGy does not significantly impact the acceptance of taste, flavor, color or the 
overall sensory impression caused by frozen turkey breast meat. It has been also noticed that 
irradiation caused the pink coloration of the turkey meat to become more pronounced and 
attractive. 
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