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Biochemical changes in alternative poultry meat 
during refrigerated storage

Alterações bioquímicas em carne de aves alternativas 
durante o armazenamento em refrigeração 
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Abstract
The aim of this study was evaluated the physical and chemical changes in five types of alternative poultry meat keep at refrigerated 
conditions (4±1°C) during 18 days. For this purpose, breast meat of conventional, organic and free-range chicken, duck and quail 
were purchase from markets of Niteroi city (Rio de Janeiro, Brazil). Levels of pH, thiobarbituric acid reactive substances (TBARS) 
and biogenic amines (cadaverine and putrescine) were determinate. Statistic evaluation was performed using analyze of variance 
and Tukey test. The results showed a gradual and proportional increment of pH values (between 5.5 and 6.5) in all poultry meats 
during the storage time; an increment of TBARS values in the first days of storage, remaining stables to the end of experiment. 
A significant increment of putrescine values was observed after the sixth day remaining stable in conventional chicken and quail 
until the end of experiment while significant reduction was observed in the rest of poultry meats. Finally, only conventional and 
organic chicken and quail showed a gradual increment during storage time. In conclusion, significant biochemical changes was 
observed during the storage time being that pH, cadaverine and putrescine values could be parameters using like deterioration 
indicators for these products.
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Resumo
O objetivo do presente estudo foi avaliar as mudanças físico-químicas de cinco tipos de carnes de aves alternativas mantidas 
em condições de refrigeração (4±1°C) durante 18 dias. Para essa finalidade utilizou-se carne de peito de frangos convencional, 
caipira e orgânico, pato e codorna adquiridos de supermercados na cidade de Niterói (Rio de Janeiro, Brasil) e determinaram-
se os níveis de pH, substâncias reativas ao ácido tiobarbitúrico (SRATB) e aminas biogênicas (cadaverina e putrescina). Os 
resultados indicaram um incremento gradativo e proporcional dos valores de pH (entre 5,5 e 6,5) nas carnes de aves durante o 
tempo de estocagem; um aumento dos valores de SRATB nos primeiros dias de estocagem, mantendo-se invariáveis até o final do 
experimento. Em todas as aves foi observado um incremento significativo dos valores de putrescina após o sexto dia, mantendo-se 
estáveis no frango convencional e a codorna até o final do experimento, enquanto o resto das carnes diminuiu significativamente. 
Finalmente, foi observado um incremento gradativo apenas na codorna e nos frangos convencional e orgânico. Conclui-se que 
houve mudanças bioquímicas significativas nas carnes avaliadas durante o tempo de estocagem, sendo que os valores de pH, 
cadaverina e putrescina seriam parâmetros que podem ser utilizados como indicadores de deterioração destes produtos.

Palavras-chave: aminas biogênicas, codorna, frango, pato, pH, qualidade, TBARS.

Introduction
The Brazilian poultry industry sector of the contemporaneous 
economy has undergone profound changes over the past 40 
years, presenting a set of changes related to the organizational 
structure encompassing much of the production processes, 
administrative and work organization (Buzanello and Moro, 
2012). Due to the increase global consumption of alternative 
meats, the poultry industry constantly searches different 
options to attend consumer demands. In Brazil, the alternative 

poultry production system was initially implemented by small 
and medium producers as an opportunity to offer differentiated 
products of higher quality providing producers higher income 
through added value in relation to intensive production system. 
However, in recent years the alternative production is widely 
implemented in the poultry industry (Santos et al., 2012).
The Brazilian free-range chicken system is regulated by the 
Brazilian legislation; according to that, the chicken named free-
range is fed exclusively with plant origin ration and the use of 
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growth promoters is prohibited. Also, is recommended that the 
birds are reared in extensive and three square meters of pasture 
per animal and the slaughter takes place at the minimum age of 
85 days (Brasil, 1999).
An increasing number of consumers demanding healthier and 
naturally grown foods have favored organic live-stock farming, 
which is reputed to be environmentally friendly, allied with 
promotion of animals good health, with high welfare standards 
results in high quality products (Castellini et al., 2002)
The aim of this study was determinate the biochemical changes 
in alternative poultry meats and evaluated if these biochemical 
parameters could be used as indicators of poultry meat 
deterioration.

Materials and methods
The present study evaluated the changes of pH, thiobarbituric 
acid reactive substances and biogenic amines (cadaverine and 
putrescine) in five types of poultry meat keep at refrigerated 
(4±1°C) conditions for 18 days.
Ten breast meat (m. Pectoralis maior) from conventional, ten 
from free-range and ten from organic chicken (Gallus gallus 
domesticus) were used. Furthermore, ten breast from duck 
(Anas platyrhynchos domesticus) and twenty from quail (Coturnix 
coturnix) were used. All samples were purchased from local 
markets in Niteroi city (Rio de Janeiro, Brazil). Frozen samples 
were thawed overnight at 4±1°C and were aseptically cut into 
pieces of 100g, placed in plastic bags for refrigerated storage 
at 4±1°C for 18 days. In case of quail an entire breast of each 
carcass was used. Biochemical changes were evaluated every 
two days during 18 days on refrigeration storage.
All reagents used in the present study were of analytical 
grade. Cadaverine and putrescine standards (Sigma Aldrich, 
St. Louis, MO, USA) and 2-thiobarbituric acid (4,6-dihydroxy-
2-mercaptopyrimidine) (Spectrum Chemical Mfg. Corp. New 
Jersey, USA) were purchased. Stock solution with 40 µg of 
cadaverine and putrescine were prepared in 0.1 N HCl and 
stored at 4±1°C. Different dilutions were performed and used 
for the calibration curve.
The progress of oxidation was determined by the thiobarbituric 
acid reactive substances (TBARS) test according to Tarladgis 
et al. (1960). In brief, 10g of sample were manually minced, 
homogenized with 97.5mL of distilled water and transferred 
to a distillation tube which was added 2.5mL of HCl (4N). This 
sample was then distilled and the first 50mL of distillate was 
collected. Next, 5mL of the distillate were added to 5mL of 0.02M 
thiobarbituric acid and were heated in a boiling water bath (100°C) 
for 35 min for accelerate the reaction and, consequently, color 
development. The samples were immediately cooled with water 
and the absorbance was measured at 528 nm on a Smartspec 
Plus spectrophotometer (BioRad, Hercules, CA, USA). The final 
values were expressed as milligram of malondialdehyde (MDA) 
per kilogram. The pH values were performed by using a digital pH 
meter (Digimed® DM-22) equipped with a electrode (Digimed® 
DME-R12) after briefly homogenization of 10 g of muscle sample 
with 90mL of distilled water (Conte-Júnior et al., 2008). 
Biogenic amines determination was performed in accordance 
with a modified procedure proposed by Conte Junior et al. (2006). 
Extraction were carried out using 5g of meat and 5mL of 5% 
perchloryc acid; the mixture was homogenized (Certomat® MV, 

B. Braun Biotech International) for 30 seconds in ten minutes 
intervals up to one hour; the sample tubes were kept under 
refrigeration (4±2°C) during the whole process. The homogenate 
was centrifuged at 503g for 10min at 4±1°C (Hermle Z 360 K) and 
filtered with Whatman No. 1 paper. The filtrates were neutralized 
(pH>6) with 2N NaOH and kept in ice bath (0±1°C) for 20 min. 
A second filtration and alkalynization with NaOH (pH>12) were 
performed in the same conditions.
The derivatization was performance with addition of 40mL 
benzoyl chloride, followed by homogenization in vortex for 15 sec 
and kept at room temperature (25±2°C) for 20 min. The biogenic 
amines were collected through liquid partitioning with 1000 mL 
of diethyl ether, which was proceeded in two times. The ether 
layers containing amines were evaporated to dryness under 
nitrogen stream (Sample Concentrator Techne, Cambridge, UK). 
Finally, the residue was dissolved in 1000mL of mobile phase 
(acetonitrile:water) and stored at 4±1°C.
The chromatographic system consisted of a Shimadzu LC/10AS 
liquid chromatography coupled to SPD/10AV UV-Vis detector 
and C-R6A Chromatopack integrator. Amines separation were 
performed on Teknokroma Tracer Extrasil ODS2 (15 x 0.46cm 
id., 5μm) column equipped with a Supelco, Ascentis C18 (2 
x 0.40 cm, id. 5μm) guard column, in isocratic condition. The 
mobile phase was prepared by mixing acetonitrile (Tedia®) 
with ultrapure water purified on Millipore Simplicity (Millipore, 
Molsheim, France) at 42:58 (v/v); and degassed in ultrasonic 
bath (Cleaner USC 2800 A).  The chromatography conditions 
were: flow rate of 1 mL.min¹־, injection volume of 20µL, column 
temperature of 20°C and detector wavelength set at 198 nm. 
Injection was performed using a 50µL syringe (Hamilton TM 705) 
and total run time of 15 minutes. Injection of pure acetonitrile 
for 10 min was used between each sample for conditioning the 
HPLC system. Presence of biogenic amines were identified by 
retention time and quantified by peak area.
A two-way analysis of variance with repeated measures on 
two factors was used to identify differences in pH, TBARS 
and biogenic amines content in different poultry meat. When 
a significant F was found, additional post hoc tests with Tukey 
adjustment were performed. For the interpretation, data set 
was divided, for all above-mentioned analyses, in four periods: 
Period 0 (P0) – analysis of day 0 of storage; Period 1 (P1) – 
analysis of the first six days of storage; Period 2 (P2) – analysis 
of the subsequent six days; and Period 3 (P3) – analysis of the 
last six days of storage. Statistical significance was set at the 
0.05 level of confidence. All analyses were performed using a 
commercially available statistical package Graphpad (2007) 
Prism version. 5.00 for Windows (GraphPad Software, San 
Diego California USA).  

Results and discussion
At the beginning of the experiment quail, duck, free-range and 
conventional chicken had similar values between 5.57 and 
5.77. On the other hand, organic chicken showed values of pH 
above of 6.0. Through all of storage period all meats showed a 
significant increase demonstrating that pH can be considered a 
quality parameter (Figure 1). These results are similar to those 
found by Castellini et al. (2002) that determined pH values   of 
5.75 and 5.80 for organic chickens slaughtered at 56 and 81 
days of age respectively; these values   would be related to the 
rearing system of those birds in open environments and better 
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welfare conditions which would reduce the stress pre-slaughter 
and further consumption of muscle glycogen. Free-range chicken 
had acidic values   which are consistent with the results of Cheng 
et al. (2008) and Faria et al. (2009) who observed pH values 
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Figure 1: pH values in different poultry meats in refrigerated conditions (4 ± 1 °C) storage during 18 days. 
Different symbols over the bars indicate significant differences between of storage periods in the same kind of 
poultry meat. Abbreviations: CC = Conventional chicken, FRC = Free-range chicken, OC = Organic chicken, 
D = Duck, Q = Quail, P0 = Day 0 of storage; P1 = 1 – 6 days of storage, P2 = 7 - 12 days of storage, and P3 = 
13 -18 days of storage

between 5.70 and 5.90 after 24 h post mortem in free-range 
chicken, explaining that larger diameter muscle fibers was related 
to slow-growing chicken, which have higher glycolytic activity and 
reduced glycogen reserves before slaughter, fact that determine 

the final pH observed.
All poultry meats showed lower 
initial levels of TBARS (0.10–
0.25mg.kg¹־). Conventional and 
free-range chicken meat showed 
no difference during storage time 
(Figure 2). On the other hands, 
organic chicken, duck and quail 
showed a significant increase 
in the first six days of storage 
and then these values   remained 
stable until the end of the storage 
period; this fact suggest that a early 
increment of MDA in these birds 
indicate an early stage of rancidity, 
which would not be suitable as 
quality indicator like pH values. 
The quail showed highest values 
(above of 1mg.kg¹־) compared to 
other birds; these results can be 
explained because the quail were 
purchased with the skin that may 
have contributed to the increase of 
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Figure 2: Thiobarbituric acid reactive substances (TBARS) concentration in different poultry meats in refrigerated 
conditions (4 ± 1 °C) storage during 18 days. The symbol * over the bars indicate significant differences between 
of periods storage in the same kind of poultry meat. Abbreviations: CC = Conventional chicken, FRC = Free-
range chicken, OC = Organic chicken, D = Duck, Q = Quail, P0 = Day 0 of storage; P1 = 1 – 6 days of storage, 
P2 = 7 - 12 days of storage, and P3 = 13 -18 days of storage

oxidative rancidity, while all chicken 
breasts were acquired without skin.
Our results were similar to 
reported by Alasnier et al. (2000) 
who determined low initial levels 
of lipid oxidation 0.03 mg.kg¹־ 
followed by a linear increment 
until 0.30 mg.kg¹־ at day 14 
in chicken breast meat; these 
authors suggested that lower 
ratios of vitamin E in chicken 
meat prevents the oxidation of 
long-chain PUFAs in the initials 
days and after the antioxidant 
reserves exhausted, the lipid 
oxidation is more evident. On 
the other hands, Castellini et 
al. (2002) and Castellini et al. 
(2006) evaluating the physical and 
chemical characteristics of organic 
chickens and found TBARS values   
above 2 mg.kg24 ,¹־ h post mortem. 
They explained that the type of 
rearing of these birds, in open 
environments with intense muscle 
activity, could increase muscle 
oxidative metabolism and the 
production of free radicals. Husak 
et al. (2008) evaluated organic, 
free-range and conventional 
chickens, found TBARS values 
between 0.12 and 0.19 mg.kg¹־, 
not considered indicative of 
rancidity in any chicken. 
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Regarding, cadaverine it was 
observed that only organic meat 
showed detectable values at 
day 0. Conventional chicken 
showed the lowest values until 
the 12 day of storage when 
significantly increased. Free-
range progressively increased until 
12 day, after that a significantly 
decrease was observed. Organic 
chickens and quail showed a 
gradually and significantly increase 
in all periods of storage. Duck 
values slightly increased in the first 
and then remain stables to the end 
of period storage (Figure 4).
Putrescine and cadaverine values 
were rather low in comparison to 
the levels reported by Sander et 
al. (1996), who found 200 and 500 
mg.kg¹־ respectively in chicken 
carcass 24 h post mortem. On 
the other hand, different authors 
described a gradually increase for 
those amines during storage. Silva 
and Gloria (2002) found 20.4 and 

4.3 mg kg¹־ for putrescine and cadaverine respectively in chicken 
meat storage at 4°C for 15 days; similar results were obtained 
by Rokka et al. (2004) for both amines in chicken meat storage 
at different temperatures between 2 and 8 °C; finally Balamatsia 
et al. (2007) who showed a linear increase from 53.8 to 409.6 
mg.kg¹־ and 19.8 to 252.8 mg.kg¹־ for putrescine and cadaverine, 
respectively, in chicken meat storage at 4°C for 17 days. On the 
other hand, ours results of putrescine for duck meat were different 
to Dadáková et al. (2012) who determined values of 3.2 mg.kg¹־ 

which slightly declined in the first week. 
Vinci  and Antonel l i  (2002) 
comparing biogenic amines, 
i n c l ud i ng  pu t r esc i ne  and 
cadaverine, in beef and chicken 
stored at 4±1°C, reported that 
amines in white meat increases 
earlier than in red meat; they 
explained that it is due to shorter 
fibers in chicken than beef, 
which can be easily attacked by 
proteolytic enzymes, resulting 
in the increased availability 
of amino acid precursors of 
biogenic amines. Tamim and 
Doerr (2003) determinated that 
levels of putrescine depends on 
the presence of ornithine, which 
in turn is produced from arginine 
degradat ion;  consequent ly 
their formation may be ruled by 
arginine-utilizing microorganisms 
that produce ornithine as the 
substrate of decarboxylation. 
The putrescine levels reduction 
in duck, free-range and organic 

Figure 3: Putrescine concentration in different poultry meats in refrigerated conditions (4 ± 1 °C) storage during 
18 days. The symbols (*,#) over the bars indicate significant differences between of periods storage in the same 
kind of poultry meat. Abbreviations: CC = Conventional chicken, FRC = Free-range chicken, OC = Organic 
chicken, D = Duck, Q = Quail, P0 = Day 0 of storage; P1 = 1 – 6 days of storage, P2 = 7 - 12 days of storage, 
and P3 = 13 -18 days of storage
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Figure 4: Cadaverine concentration in different poultry meats in refrigerated conditions (4 ± 1 °C) storage 
during 18 days. The symbols *, ɸ, # over the bars indicate significant differences between of periods storage 
in the same kind of poultry meat. Abbreviations: CC = Conventional chicken, FRC = Free-range chicken, OC = 
Organic chicken, D = Duck, Q = Quail, P0 = Day 0 of storage; P1 = 1 – 6 days of storage, P2 = 7 - 12 days of 
storage, and P3 = 13 -18 days of storage

Putrescine levels showed a gradually increase in conventional 
chicken and quail and after the first six days of storage it 
increased at significant levels. Similar behavior was observed in 
free-range chicken but the highest levels were detected between 
7 and 12 day of storage, followed by a significant decrease in 
the last period of experiment. Organic chicken showed a slightly 
increment between 7 and 12 day of storage but it was not 
significant. Duck levels also started at low level and significantly 
increased between 2 and 12 day of storage; then it was observed 
a slightly decrease (Figure 3).
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chicken in the latter period of storage can be related to the small 
amount of arginine. This condition is principally related to feeding 
and management. Khajali and Wideman (2010) indicated that 
reserves of arginine are consumed during stressful conditions in 
conventional chickens. The requirements of this amino acid and 
standard management are well-known in conventional chicken 
but a little information is available in other birds. The same 
assumption can be used with the requirements of lysine and 
cadaverine production.
The bacterial spoilage is another factor related with the 
putrescine and cadaverine production in meat products. In 
this case, although bacterial load was not evaluated, has been 
reported that variations in cadaverine levels could be due to 
differences in the capacity of the microorganisms, species and 
strain to produce cadaverine (Delgado-Pando et al., 2012).
Our results are important because these biochemical parameters 
could be useful and easily implemented by poultry industry as a 

possible indicator of poultry meat quality. According to Balamatsia 
et al. (2007), the changes in levels of amines were suitable as 
potential indices of fresh chicken meat quality. However, the 
authors indicated that these results corresponded to samples 
from one poultry plant and their general application must be 
verified. 

Conclusion
The evaluation of five poultry meat showed biochemical changes 
during the storage time. Values of pH and putrescine in all poultry 
and cadaverine in quail, organic and free-range chicken, had a 
significant increase and could serve as indicators of storage time 
after 12 days. TBARS did not seem to have relationship with 
the storage time because increase only took place in the first 
days. Further studies should be carried out to evaluated others 
biochemical indicators (e.g.: spemine, spermidine, histamine, 
tyramine) and the correlation with microbiological parameters.
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