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1 Introduction
The consumption of frozen and chilled food has grown 

above average in recent years. Food security and control are, 
therefore, matters of great preoccupation for consumers. 
Consumer reliability on frozen and chilled food, especially 
related to aspects of the supply chain, is of high priority for all 
involved in the production, commercialization, logistics and 
distribution of foods (Galarz et al., 2010; Murray et al., 2017).

The industries have, however, some challenges, and it is 
necessary to determine the efficiency and competitiveness of the 
poultry industry compared to the industries of other meat sources 
and non-meat protein sources (Barbut, 2002). Ot is necessary to 
keep the stability of the quality characteristics of chicken during 
its production, distribution, storage and commercialization. 
On this sense, controls of hygiene and product temperature are, 
obviously, very important factors (Jayas & Jeyamkondan, 2002; 
Elsedig et al., 2015).

Foods stored at improper temperatures can have their 
organoleptic and microbiological characteristics changed, 
affecting the health of consumers. The shelf life of the product 
can be reduced, leading to economic losses (Andrade  et  al., 
2004; Mürmann  et  al., 2004; Conceição & Gonçalves, 2009; 
Dsimani et al., 2013; Morachis-Valdez et al., 2017).

The conservation of meats by freezing has great capacity for 
keeping the chemical, organoleptic and nutritive characteristics 
close to those of fresh foods, and also making difficult the 
undesirable action of microorganisms and enzymes (Southgate, 
1992). Some changes can occur in chicken meat during storage 
under freezing such as softness, colour and development of strange 
tastes (Yoon, 2002). The literature points out that the sensory 
properties of chicken breast meat seem not to be significantly 
affected by storage under freezing (Lyon & Lyon, 2002). 
However, as the temperature is reduced the chemical, physical 
and biochemical reactions that promote sensory alterations can 
occur at a low initial rate, but are not halted even when the food 
is stored at −30 °C (Paine & Paine, 1983).

Meat freezing is fast, and almost 75% of tissue fluid freezes at 
−5 °C. The freezing rate is increased with decreases in temperature; 
almost 98% of water freezes at −20 °C and complete crystal 
formation occurs at −65 °C (Rosmini et al., 2004). However, 
more than 10% of muscle-bound water (chemically bound to 
specific sites such as carbonyl and amino groups of proteins 
and hydrogen bonding) will not freeze (Dave & Ghaly, 2011).

Aiming at offering high-value products to the final consumer 
and considering the differentiated demands of Brazilian legislation, 
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which states that products for the domestic market must have 
minimal temperatures of −12 °C (Brasil, 1998) and those for 
exportation should reach −18 or −20 °C, it is necessary to know 
the possible physical-chemical and microbiological alterations 
in these products. However, due to many variables such as 
the type and size of the cold chambers and the amount of raw 
material, changes observed in laboratory conditions may differ 
from those found in situ industrial conditions. Although there 
are studies evaluating meat product changes under freezing, 
there are few studies in industrial conditions, which justifies 
this work. Based on these aspects, the objective of this work 
is to evaluate the influence of different storage temperatures 
(4, −6, −12 and −18 °C) on the sensory, oxidative (protein and 
lipid) and microbiological stability of chicken boneless thighs 
and drumsticks.

2 Materials and methods
2.1 Sample preparation

Samples of boneless chicken thighs and drumsticks were taken 
directly from the production line (24 units of about 2 kg each) and 
packed in polyethylene bags (24 × 35 cm, 12 µm), submitted to a 
vacuum (−750 mmHg), placed in cardboard boxes (6 packages/box) 
and stored in temperature-controlled chambers, following the 
same procedures adopted by the industry. Samples were separated 
into four different treatmentsI: cooled at 4 °C for 8 days or frozen 
at −6, −12 and −18 °C for 12 months, in different cold rooms of 
a large slaughterhouse of South Region of Brazil.

At appropriate intervals of time, random samples were 
removed from the chambers, thawed in a refrigerator at 4 °C 
for 12 to 24 h and submitted to sensory, physical-chemical 
(total acidity, lipid oxidation, protein oxidation and pH) and 
microbiological (psychrotrophic counting) analysis, following 
the methodologies described below.

2.2 Physical-chemical analysis

The pH and titratable acidity were measured using ADAC 
standards (Association of Dfficial Analytical Chemists, 1990). 
Total acidity was determined following the methodology of 
Terra & Brum (1998) and expressed as g of oleic acid per 100 g 
of sample. Water activity (aw) was determined by the standard 
procedure of the Aqualab CX-2 Water Activity System, performing 
calibration of the equipment using deionized water and a solution 
of NaCl with an aw value of 0.819 until stabilization, followed 
by reading of the aw/temperature (°C) of the sample.

Lipid oxidation was measured by a spectrophotometer 
(Perkin Elmer model Lambda EZ150) at 531 nm using a standard 
curve with TEP (10−8 to 10−7 mol/mL) with thiobarbituric acid 
reactive substances (TBARS) following the methodology proposed 
by Raharjo et al. (1992) and modified. This analysis constitutes 
an estimation of lipid oxidation, since it determines substances 
reactive to thiobarbituric acid. Results were expressed in mg of 
malondialdehyde (MDA) per kg of product.

Protein oxidation was measured by assessment of carbonyl 
groups formed during the experiment using the methodology 
proposed by Levine  et  al. (1990) with slight modifications. 

The concentration of protein was measured at 280 nm in the 
hydrochloric acid (HCl) control using bovine serum albumin (BSA) 
in 6 M guanidine as standard. The carbonyl concentration in the 
treated sample was measured with 2,4-dinitrophenylhydrazine 
(DNPH) incorporated on the basis of a molar absorption 
coefficient of 21.0 nM−1.cm−1 at 370 nm of protein hydrazones. 
Results were expressed as nmol of DNPH per mg of protein 
(De Paula et al., 2017).

2.3 Microbiological analysis

The total count of psychrotrophic microorganisms was 
carried out using the methodology of inoculation of 1 mL 
of each dilution by plating on a surface with counting agar 
(PCA), and incubation of dry, reversed plates at 7 °C for 10 days 
(Altunatmaz et al., 2012; D’Connell et al., 2016).

2.4 Sensory evaluation

Sensory tests were carried out by 10 trained assessors 
of both sexes, 20 to 50 years old, all employees of Ondustry 
research & development sector which follows specific labour 
legislation concerning this type of analysis. Samples of thighs and 
drumsticks were presented in two different sectionsI: in natura, 
to evaluate appearance and flavour, and cooked, to evaluate 
taste and odour. Samples were sub-divided into pieces about 
1.5 × 1.5 cm, and distributed in a balanced way in cups, coded 
with three random digits. Product acceptability was evaluated 
by the method of a hedonic scale of nine points, following the 
methodology described by Faria & Yotsuyanagi (2002), based 
on a standard sample (0 days).

2.5 Statistical analysis

Results were statistically evaluated by analysis of variance, 
followed by Tukey’s and Dunnett’s tests at a significance level of 
5% (p < 0.05) to compare the means of physical-chemical and 
sensory analysis, respectively.

3 Results and discussion
3.1 Physical-chemical analysis

The total acidity of chicken boneless thighs and drumsticks 
did not present a significant difference (p < 0.05) during 8 days 
of storage at 4 °C. The values were around 0.29 ± 0.05 g oleic 
acid/100 g product. Table 1 presents the results of total acidity 
of the samples stored at −6, −12 and −18 °C.

Samples stored at these temperatures presented a similar 
behaviour during storage, showing a significant increase (p < 0.05) 
in oleic acid content (wt%) from the eighth month of storage. 
Samples stored at −12 °C kept a lower acidity index until the 
fourth month and those at −18 °C until the eighth month, 
compared to the samples stored at −6 °C.

The pH values of chicken boneless thighs and drumsticks 
did not present a significant difference (p < 0.05) between 
the treatments submitted to refrigeration (4 °C/8 days) and 
freezing (−6, −12 and −18 °C/12 months), with mean values 
from 6.38 to 6.53. These values are in agreement with those 
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obtained by Racanicci  et  al. (2008) using the same samples 
tested here. The author obtained pH values from 6.07 to 6.34.

The results of lipid oxidation of samples of chicken thighs and 
drumsticks stored at 4 °C for 8 days and at −6, −12 and −18 °C 
for 12 months are presented in Tables  2  and  3, respectively. 
The MDA values increased gradually during storage, mainly for 
samples stored at 4, −6 and −12 °C, demonstrating the influence 
of storage time on the oxidation reactions.

The lipid oxidation of samples kept under refrigeration (4 °C) 
presented a significant difference (p < 0.05) from the fourth day 
of storage, with a sharp increase at the eighth day of storage, 
with a mean value of 0.65 mg MDA/kg sample, equivalent to 
approximately 10 times the initial value (0.06 mg MDA/kg sample).

Ahmad & Srivastava (2007) and Galvin  et  al. (1997) 
verified that trained tasters are able to detect undesirable 
flavours in oxidized meats from lipid oxidation values higher 
than 0.50 mg MDA/kg sample. As will be discussed below, in 
the present work, after 6 days of storage under refrigeration, the 
tasters attributed a ‘slight difference from the standard sample’ 
for the roast chicken, and after 8 days of storage the samples in 
natura were characterized as having an undesirable flavour of 
oxidized meat and a partially deteriorated physical aspect, with 
TBARS values of 0.65 mg MDA/kg sample.

Chouliara et al. (2007) evaluated the shelf life of chicken 
breasts stored at 4 °C. Enhancement of lipid oxidation from 
0.28 to 0.58 mg MDA/kg sample was observed from the first 
to the sixth day of storage. After 25 days, decay was observed 
(0.10 mg MDA/kg). Some authors relate that oscillations in 
TBARS values can occur during storage (Cardoso et al., 2008).

The samples stored at −6 °C presented significant differences 
(p < 0.05) from the second month of storage, showing a sharp 
increase after the 10th month (0.67 mg MDA/kg), keeping this 
value constant until the 12th month of storage. A similar behaviour 
was observed in the samples stored at −12 °C. Samples stored 
at −18 °C also presented a significant difference (p < 0.05) in the 
10th month, but with lower TBARS values (0.30 mg MDA/kg) 
compared to the samples kept at −6 and −12 °C. These samples 
did not present organoleptic alterations (as will be discussed 
below) in cooked samples, after the sensory evaluation by the 
trained tasters. The results obtained here are different from 
those observed by Soyer et al. (2010). Those authors did not find 
significant differences in the TBARS values in chicken thighs 

and drumsticks after a period of storage of about 6 months, at 
different temperatures (−7, −12 and −18 °C). Ot is important to 
observe that in the work by Soyer et al. (2010), the samples were 
frozen at −7, −12 and −18 °C and then stored at −18 °C. On the 
present study, the samples were firstly frozen, and then stored 
at −6, −12 and −18 °C.

Comparing the frozen samples stored for 12 months 
at −6, −12 and −18 °C (Table 3) and those cooled at 4 °C and 
stored for 8 days (Table 2), one can observe that the oxidation level 
reached by the cooled sample (0.654 mg MDA/kg) is equivalent 
to approximately 10 times of those stored at −6 °C. Dn the other 
hand, the samples stored at −12 and −18 °C for 12 months had 
TBARS values lower than 0.6 mg MDA/kg, confirming the effect 
of temperature on the rate of lipid oxidation reactions.

Table 1. Total acidity of boneless chicken thighs and drumsticks stored at –6, –12 and –18 °C.

Period (months)
Total acidity (g oleic acid/100 g)

−6 °C −12 °C −18 °C
0 0.12cA ± 0.01 0.12cA ± 0.01 0.12cA ± 0.01
2 0.18bcA ± 0.01 0.15bcB ± 0.01 0.16bAB ± 0.01
3 0.19bA ± 0.01 0.17bB ± 0.01 0.16bB ± 0.01
4 0.19bA ± 0.01 0.15bB ± 0.01 0.15bcB ± 0.01
8 0.21abA ± 0.02 0.24aA ± 0.02 0.19aB ± 0.01
9 0.23aA ± 0.01 0.23aA ± 0.01 0.22aA ± 0.01

10 0.23aA ± 0.01 0.25aA ± 0.01 0.23aA ± 0.02
12 0.25aA ± 0.02 0.25aA ± 0.02 0.24aA ± 0.02

Means (± standard deviation) followed by equal lowercase/uppercase letters in columns/rows do not differ statistically at a confidence level of 5% (Tukey’s test).

Table 2. Lipid oxidation – TBARS – of boneless chicken thighs and 
drumsticks cooled at 4 °C during 8 days of storage.

Period (days) TBARS (mg MDA/kg sample)
0 0.06d ± 0.01
2 0.08d ± 0.02
4 0.14c ± 0.01
6 0.29b ± 0.06
8 0.65a ± 0.03

Means (± standard deviation) followed by equal letters do not differ statistically at a 
confidence level of 5% (Tukey’s test).

Table 3. Lipid oxidation – TBARS – of boneless chicken thighs and 
drumsticks stored under freezing at −6, −12 and −18 °C for 12 months.

Period
(months)

TBARS (mg MDA/kg sample)
−6 °C −12 °C −18 °C

0 0.08dA ± 0.01 0.08dA ± 0.012 0.08dA ± 0.01
2 0.29bcA ± 0.02 0.10dB ± 0.008 0.05eC ± 0.01
3 0.34bA ± 0.01 0.09dB ± 0.005 0.07dB ± 0.02
4 0.34bA ± 0.05 0.29bA ± 0.023 0.19cB ± 0.02
7 0.27cA ± 0.04 0.27bA ± 0.066 0.08dB ± 0.02
8 0.26cA ± 0.02 0.20cA ± 0.021 0.10dB ± 0.02

10 0.67aA ± 0.04 0.52aA ± 0.060 0.30bB ± 0.06
12 0.68aA ± 0.05 0.54aA ± 0.07 0.36aB ± 0.07

Means (± standard deviation) followed by equal lowercase/uppercase letters in columns/
rows do not differ statistically at a confidence level of 5% (Tukey’s test).
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Table 4. Protein oxidation of boneless chicken thighs and drumsticks 
stored under freezing at −6, −12 and −18 °C for 12 months.

Treatment Period 
(month)

Protein oxidation
(nmol carbonyl/mg protein)

Standard 0 5.37c ± 1.13
Stored at −6 °C 12 23.23a ± 1.04

Stored at −12 °C 12 17.53b ± 0.38
Stored at −18 °C 12 6.03c ± 0.09

Means (± standard deviation) followed by equal letters do not differ statistically at a 
confidence level of 5% (Tukey’s test).

Table 5. Sensory characteristics of cooled boneless chicken thighs and 
drumsticks for different periods of storage at 4 °C.

Period
(days)

Sensory characteristic
Visual aspect and flavour

Sample in natura
Global evaluation
Cooked sample

Standard* Sample Standard Sample
2 1.40aA 1.50bA 1.11aA 1.44bA

4 0.90aB 4.20ªA 1.00aA 1.60bA

6 0.70aB 4.40ªA 0.67aB 3.33ªA

8 – Unacceptable** – Unacceptable**
Means followed by equal lowercase/uppercase letters in columns/rows do not differ 
statistically at a confidence level of 5% (Dunnett’s and Tukey’s tests on rows and columns, 
respectively); *Standard – 0 days of storage; **Unacceptable – unsuitable for consumption.

of roasted samples presented a significant difference (p < 0.05) 
from the fifth month when stored at −6 and −12 °C. Roasted 
samples stored at −18 °C did not present differences compared 
to the standard ones during the whole period of storage.

Dxidation is one of the main factors involved in the 
deterioration of lipid compounds of meat, especially of unsaturated 
fatty acids. Chicken and fish meat is characterized as having 
a relatively high content of these kinds of fatty acid, more 
susceptible to oxidative deterioration compared to other kinds 
of meat (Maggioni et al., 2008; Morachis-Valdez et al., 2017).

The samples of boneless chicken thighs and drumsticks kept 
under freezing presented oscillations of the TBARS values from 
the fourth to the eighth month of storage. Several authors suggest 
that the reduction in TBARS values observed during storage time 
is probably associated with the increase in concentration of polar 
compounds resulting from the polymerization of secondary 
oxidation products. Ot has already been related that MDA can 
react with a great number of compounds or can also produce 
dienes or trienes of MDA, reducing the amount of MDA available 
to react with thiobarbituric acid, leading to lower TBARS values 
(Grau et al., 2001; Gatellier et al., 2007).

Table 4 presents the protein oxidation values of samples of 
boneless chicken thighs and drumsticks stored for 12 months at 
temperatures of −6, −12 and −18 °C. The initial protein oxidation 
was 5.37 nmol carbonyl/mg protein. The frozen samples presented 
different values of protein oxidation during storage. The samples 
kept at −18 °C did not present a difference compared to the first 
day of storage. However, the samples stored at −6 °C presented 
higher protein oxidation (23.23 nmol carbonyl/mg protein) 
during the period of storage (12 months) than the other tested 
treatments.

Temperature presented a significant influence on the rate of 
oxidative reaction (both protein and lipid). The samples stored at 
−18 °C presented lower values of MDA and carbonyl compared 
to those kept at −6 and −12 °C (Tables 3 and 4). A possible cause 
for the elevation of carbonyl groups after 12 months of storage at 
−6 and −12 °C could be related to lipid oxidation. Howell et al. 
(2001) have already demonstrated that protein oxidation is 
related to lipid oxidation in meat products. Compared to lipid 
oxidation, the degradation of proteins by oxidants seems to be 
more complex and to produce an even greater multiplicity of 
reaction products and certain protein oxidation products may 
be active at water–lipid interfaces in meat (Jongberg et al., 2017).

3.2 Sensory characteristics

Tables 5 and 6 present the results of sensory characteristics 
of boneless chicken samples (in natura and roasted) 
stored at 4, −6, −12 and −18 °C.

The samples of thighs and drumsticks in natura kept at 4 °C 
presented a significant difference (p < 0.05) in flavour after 4 days 
of storage compared to the standard sample (0 days of storage). 
The cooled samples presented an intense and unpleasant flavour 
and physical aspects of deteriorated product after 8 days of 
storage. Based on these aspects, the samples were considered 
unacceptable for consumption. Ot is relevant to mention that 
this product normally presents a shelf life of 7 days, based on 
the quality programs adopted by the food industry.

The samples in natura stored at −6 and −12 °C presented 
a significant difference (p < 0.05) compared to those at −18 °C 
from the eighth month of storage (Table 6). The global evaluation 

Table 6. Sensory characteristics of cooled boneless chicken thighs 
and drumsticks in natura and cooked, for different periods of storage 
at −6, −12 and −18 °C.

Period 
(months)

Visual aspect and flavour – in natura
−6 °C −12 °C −18 °C

Standard* Sample Standard* Sample Standard* Sample
2 1.00aA 1.33bA 1.00aA 1.33dA 1.00aA 1.33bA

4 1.17aA 1.33bA 1.17aA 1.83dA 1.17aA 1.67bA

5 0.75aA 1.50bA 0.75aA 1.63dA 0.75aA 1.75bA

6 0.50aB 2.67abA 0.50aB 3.00cA 0.50aA 1.17bA

8 1.20aB 4.80aA 1.20aB 4.20bA 1.20aB 4.83aA

9 0.80aB 5.43aA 0.80aB 5.60aA 0.80aB 4.00aA

10 0.40aB 5.60aA 0.40aB 5.73aA 0.40aB 4.86aA

12 0.62aB 5.64aA 0.62aB 5.86aA 0.62aB 4.92aA

Global evaluation – Cooked samples
2 0.44aB 1.22bB 0.44aB 1.22bB 0.44aB 1.33aB

4 0.83aB 1.67bB 0.83aB 1.33bB 0.83aB 1.53aB

5 0.71aB 2.86bA 0.71aB 2.14bA 0.71aB 1.61aB

6 1.00aB 1.83bA 1.00aB 1.83bA 1.00aB 1.67aB

8 1.10aB 3.20aA 1.10aB 2.80bA 1.10aB 1.75aB

9 1.00aB 3.29aA 1.00aB 3.50aA 1.00aB 1.80aB

10 1.00aB 3.00aA 1.00aB 3.09abA 1.00aB 1.75aB

12 1.10aB 3.18aA 1.10aB 3.21aA 1.10aB 1.79aB

Means followed by equal lowercase/uppercase letters in columns/rows do not differ 
statistically at a confidence level of 5% (Dunnett’s and Tukey’s test on rows and columns, 
respectively). Values of sensory criteriaI: 0 – No difference; 2 – Slightly different; 
4 – Moderately different; 6 – Very different; 8 – Extremely different; *Standard – 0 days 
of storage.
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Racanicci  et  al. (2008) showed that samples of chicken 
meat fed with different lipid sources and stored at −18 °C 
presented sufficient oxidative and organoleptic quality for 
consumption until 6 months. Probably, the difference in storage 
time compared to the present work (Table 5) can be attributed 
to the different animal feed and also to the freezing process 
employed. Zapata et al. (2006) evaluated alterations promoted 
by the freezing process in chicken drumsticks stored at −20 °C 
for 30 days. The alterations observed as a function of genetic 
group during storage under freezing did not influence the global 
characteristics and the flavour and texture of the product. Leone 
(2008) did not observe a statistical difference for the sensory 
attributes in samples of irradiated chicken kept frozen at –20 °C 
for periods of 0, 2, 4 and 6 months of storage.

3.3 Microbiological analysis

The samples of boneless chicken drumsticks and thighs 
presented an initial microbial count of 3.5 log CFU/g. The cooled 
samples showed a progressive increase until the sixth day of 
storage (6.8 log CFU/g). The initial value was close to that 
obtained by Galarz et al. (2010) using samples of chicken breast 
(3.6 log CFU/g). The temperature (4 °C) and other variables, such 
as water content and the presence of oxygen in the atmosphere 
that surrounds the product, are factors that make possible the 
reproduction of microorganisms present in the samples. Ot is 
important to mention that the samples presented a high water 
content, from 0.994 (first day) to 0.992 (eighth day of storage). 
Taking into account this information, the samples were susceptible 
to deterioration by microorganisms and could also accelerate 
chemical reactions (lipid oxidation, for example) during storage.

After 12 months of storage at −12 and −18 °C the microorganism 
count in the samples remained stable. However, samples stored at 
−6 °C presented microorganism growth from the ninth month, 
reaching 6.8 log CFU/g after 12 months.

Studies carried out using breaded chicken breast and processed 
chicken hamburgers stored at −18 °C for 180 days showed that no 
significant differences were achieved in the microbial population 
during the storage time (initial psychrotrophic count of 4.9 and 
final count of 3.43 log CFU/g) (Komiyama et al., 2009).

Brazilian legislation does not have any register of standard 
established for the counting of psychrotrophic microorganisms, 
although it indicates the degree of deterioration of cooled food 
(Galarz et al., 2010). However, the Onternational Commission 
on Microbiological Specifications for Foods (1978) established 
106 to 107 CFU/g (6 to 7 log CFU/g) as standard for this 
class of microorganism. Dther authors recommend values 
from 106 to 108 CFU/g (Senter et al., 2000; Smolander et al., 
2004; Drdóñez-Pereda  et  al., 2005). Nurmi & Ring (1999) 
indicated that if the number of bacteria on the meat surface 
was higher than 108 CFU/g, the product could be considered 
unfeasible for human consumption. A microbiological count 
of 107 CFU/g characterizes the product as of ‘bad quality’.

The psychrotrophic count in samples of chicken thighs 
and drumsticks presented by Carvalho  et  al. (2005) varied 
from 7.1 × 103 to 1.3 × 106 CFU/g. Hoffman  et  al. (1995) 
observed a count of about 104 to 106 CFU/g in samples of 

chicken carcass and Vieira & Teixeira (1997) obtained counts 
from 2.0 × 101 to 3.4 × 105 CFU/g in the same kind of sample.

At this point it is important to observe that the storage 
of meat and derivatives under refrigeration, covered by an 
oxygen-permeable film, originates a high redox potential on 
the surface of the product, suitable for the development of 
psychrotrophic microorganisms. Gram-negative bacilli grow 
rapidly in these conditions, and can be responsible for the 
development of undesirable alterations (Adams & Moss, 1997). 
Moreover, it is relevant to mention that the shelf life of meat has 
an inverse relation to the initial contamination of the product 
(Davies & Board, 1998; Barbut, 2002; Jay, 2005).

4 Conclusion
The temperature-time relationship influenced sensory stability, 

lipid, protein and microbiological samples of thighs and drumsticks 
Boneless chicken. The sensory analysis of samples in natura stored 
at 4 °C showed significant differences in shorter storage time than 
roasted samples. On the samples stored at –6 and –12 °C, changes 
were detected in the sensory characteristics in the 8 and 9th month 
of storage, respectively, while the samples at –18 °C, was not verified 
change during 12 months of storage. The lipid oxidation showed 
similar behavior for samples stored at 4 °C on day 8 compared 
the packed –6 and –12 °C in the 10th month of storage. Samples 
stored at –18 °C showed the lowest TBARS values and changes 
not were detected on the organoleptic characteristics of the 
roasted samples. Regarding protein oxidation, only the samples 
stored for 12 months at –18 °C did not differ to the control. On 
relation to microbiological evaluation, there was a sharp growth 
of psychrotrophic with storage at 4 and –6 °C, not observed in the 
samples stored at –12 and –18 °C. Thus, the maximum storage 
period was 6 days at 4 °C, 8 months at –6 and –12 °C and at least 
12 months storage at –18 °C.
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