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Abstract  The organic chicken meat is present in the market and accepted by consumers in Uruguay. However, no 
information about its quality is available. The study of organic meat showed a higher lightness (L*) and lower 
yellowness (b*) than conventional chicken meat. For redness (a*), the results were inconclusive. Haem iron content 
was higher in organic meat and the lipids content was not different between organic and conventional meat. The 
fatty acids composition showed that the organic meat presented 31-34 %, 49-53 % and 12-14 % of saturated, 
monounsaturated and polyunsaturated fatty acids (PUFA), respectively. The limited uses of corn and soybean to fed 
organic chickens, probably explain the unexpected low level of PUFA in organic meat. The organic meat also 
showed a lower TBARs level and a similar level of protein carbonyl in comparison to the conventional one. Catalase 
presented a higher activity in organic meat compared to the conventional one. No differences were observed for 
superoxide dismutase and glutathione peroxidase. 

Keywords: organic meat, broiler meat, fatty acids, TBARs, SOD, GPx, catalase 

Cite This Article: Castromán, G., M. del Puerto, A. Ramos, M.C. Cabrera, and A. Saadoun, “Organic and 
Conventional Chicken Meat Produced In Uruguay: Colour, Ph, Fatty Acids Composition and Oxidative Status.” 
American Journal of Food and Nutrition 1, no. 2 (2013): 12-21. doi: 10.12691/ajfn-1-2-2. 

1. Introduction 
The global tendency towards the consumption of 

differentiated poultry products has been growing steadily 
in the past years in Europe and the United States [1], with 
a consequent increase of the use of alternative poultry 
production systems such as the “Label Rouge” [2,3,4,5]. 
In Uruguay, consumers show a growing preference for 
meat from broilers reared under organic conditions, which 
is related to the perception of this meat as one produced in 
an environment friendly system that considers animal 
welfare and produces meat with good flavour and high 
nutritional levels [4,6]. Consequently, organic farms have 
been developed locally by poultry breeders to produce 
organic chicken for the Uruguayan market using standard 
fast-growing breeds [7]. These poultry breeders were part 
of the APODU [8], an association which groups all the 
animal and vegetal organic producers of the country. The 
members of this association must follow determined rules 
to produce organic products on governmental regulation 
[9]. 

The organic rearing system is generally reputed to 
reduce stress, increase welfare and comfort for birds [10]. 
This rearing system seems to be also associated with an 
improving sensory quality and enhancing the flavour of 

meat, as reported by Castellini [4] and Fanatico et al [11]. 
However, the organic chicken meat seems to generally 
have a higher level of oxidation expressed by TBARS 
indices in comparison to the conventional meat [4]. The 
oxidative processes are the most important non-microbial 
factors responsible for meat deterioration resulting in 
losses of both nutritional value and food quality. This 
leads to adverse changes in sensory properties such as 
appearance, texture and flavour, and a possible production 
of toxic compounds. [12,13,14,15,16]. Fortunately, the 
presence of naturally occurring antioxidant substances in 
chickens meat scavenge free radicals, such as the 
antioxidant enzymes superoxide dismutase (SOD), 
catalase and glutathione peroxidise (GPX), 
counterbalances the negative effect of oxidation. 

In this investigation, two commercial products 
consisting of organic and conventional chicken meat, both 
available in the market of Uruguay, were evaluated. The 
study compared some meat quality parameters such as 
meat colour, pH, haem iron content, total lipids, fatty 
acids composition, TBARs, protein carbonyls, SOD, CAT 
and GPx activities. 

2. Materials and Methods 
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2.1. Animals and Samples 
Five carcasses from an organic system and five from a 

conventional one were obtained from a local broker in 
Montevideo (Uruguay). The ten carcasses (weight of 
approximately 2000g and 2500g for the organic and the 
conventional chicken, respectively) were transported to 
the laboratory in a refrigerated isotherm box and the left 
Pectoralis major, Sartorius and Gastrocnemius muscles 
were excised and used for immediate study of colour, pH 
at 3 and 24h post-mortem, and the haem iron content at 
24h post-mortem. The right Pectoralis major, and 
Gastrocnemius muscles were also entirely excised, rapidly 
frozen at – 20ºC and stored at this same temperature in a 
sealed bag until being analysed for lipids, fatty acids 
composition, TBARS, Protein carbonyls, and enzymes 
activities. 

2.2. Determinations of Colour and pH 
The color parameters (L*, a*, b*) were measured in 

Pectoralis major, Sartorius and Gastrocnemius muscles 
using a colorimeter Minolta CR-10, based on the Cielab 
Colour System [17]. The pH at 3h post-mortem and the 
ultimate pH (at 24 h post-mortem) were measured in the 
same three muscles with a digital pH-meter LTlutron PH-
201 (with automatic temperature compensation) equipped 
with a penetrating spear tip pH electrode (Model: PE-
04HD). 

2.3. Determination of Haem Iron Content 
Haem iron content was determined as hemin, after 

extraction with acidified acetone solution, as previously 
described [18,19,20]. Hemin was quantified in a Genesys 
6-UV spectrophotometer (Thermo Corporation, USA) at 
640nm. Meat samples (1g) were finely chopped and 
macerated in 4.5ml of acidified acetone (acetone: HCl: 
water - 90:2:8) in glass tubes for 1 minute on reduced light 
to minimize the pigment fading during the extraction. The 
tubes were sealed to reduce evaporation and held for 
incubation at room temperature (20-22ºC) in the darkness 
for 1h. After incubation, the tube content was filtered from 
glass filter papers (Whatman GFA) and the absorbance of 
the filtrate was read at 640 nm. The haem iron content was 
calculated using the factor 0.0882μg iron / μg hematin 
[18]. All samples were analyzed in duplicate. 

2.4. Determination of Total Lipid Content 
Lipids were extracted by homogeneization of 2.5 g 

samples of wet Pectoralis major and Gastrocnemius 
muscles using an Ultra Turrax (IKA T18 Basic), at 26 000 
rpm, with 50 ml of 2:1 Chloroform:Methanol solvent 
mixture [21]. The extraction solution was decanted 
overnight and the chloroform phase was eliminated by 
roto-evaporation. The lipids were weighted accurately at 
0.1mg. The results were expressed as % of total lipids for 
each sample. All samples were analyzed in duplicate. 

2.5. Fatty Acid Quantification 
Each sample of extracted lipids, approximately 40 mg, 

was converted to methyl esters [22]. The lipids were 
dissolved in 2ml of hexane and 4 ml of 2 M KOH in 
methanol were added. The mixture was vortexed for two 

minutes, centrifuged at 1000 g for 10 minutes at 4ºC, and 
the hexane phase, which contains the methylated fatty 
acids, was separated to be injected in the chromatograph. 
The fatty acid composition of each sample was determined 
twice by gas chromatography using a Clarus 500 Gas 
Chromatographer (Perkin Elmer Instruments) equipped 
with a FID detector. The column was a 100m CPsil-88 
(Varian, Netherland) and the temperature program was 1 
min at 90ºC, to 180ºC (rate 30ºC by min) and maintained 
for 20 min. After that, the temperature was raised to 220ºC 
(rate of 20ºC by min) and maintained for 10 min. One µl 
sample was injected by an autosampler (Perkin Elmer, 
USA) using the split method with a valve opening at 
30sec post-injection. A fixed vented flow of 50% was 
determined to drain the solvent excess. The carrier gas 
was H2 (99.99995 %) at a flow rate of 2ml/min, The FID 
flame was maintained by H2 and air at a flow rate of 
45ml/min and 350ml/min, respectively. The calibration 
and the peak determinations were based on authentic 
standards fatty acids from Sigma-Aldrich (St Louis USA). 
The results were expressed for each fatty acid as g/ 100 g 
total detected fatty acids. 

2.6. Determination of Lipid and Protein 
Oxidation 

Lipid oxidation was determined by the method of 
Lynch and Frei [23] with some modifications. Samples of 
1.5g were homogenized with the extraction buffer (0.15 M 
KCl, 0.02 M EDTA and 0.30 M BHT) using an Ultra 
Turrax (IKA T18 Basic) at 12000 rpm for 1min. Two 
assay tubes containing 4ml of the homogenate were frozen 
at -20ºC for further use in protein carbonyls assay and 
determination of protein content. The same procedure 
without adding the sample was followed for the blank. 
Four ml of the homogenate were centrifuged at 2000 g for 
10min at 4ºC and 1 ml of the supernatant was incubated 
with 1 ml of a TBA-TCA solution (35 mM TBA and 10 % 
TCA in 125mM HCl), in a boiling water bath for 30min. 
Afterwards, the assay tubes were cooled in ice for 5min 
and kept at room temperature for another 45 min. Two ml 
of n-butanol was added and, after centrifugation at 3000 g 
for 10 min, the supernatant was extracted and its 
absorbance was measured at 535 nm. MDA concentration 
was calculated using the molar extinction coefficient of 
MDA (156,000 M-1 cm-1). Results were expressed as mg 
of MDA per kg of fresh meat. 

Protein oxidation level was assayed using a method 
previously described [24]. The frozen samples separated 
the day prior to TBARS assays were thawed and let stand 
for 15min at room temperature and finally vortexed for 10 
seconds. Two 2ml aliquots of the samples were put in 
different glass tubes (sample and corresponding blank), 
kept in ice and afterwards centrifuged at 3000 g for 10 
min at 4ºC. Two ml of 2M HCl and 2ml of a DNPH 
solution (20 mM DNPH in 2M HCl) were added to the 
blank and sample tubes, respectively. These tubes were 
incubated at room temperature for 1 h, vortexed 5 seconds 
every 10min; then 2ml of 20 % TCA were added to all the 
tubes. Those tubes were kept at room temperature for 
another 15min and vortexed for 5 seconds every 5min. 
These tubes were then centrifugated at 2000g for 10min. 
Pellets were washed three times with 4ml of ethanol:ethyl 
acetate (1:1), centrifuged each time, to eliminate traces of 
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DNPH. Then, pellets were dissolved with 6ml of 6M 
guanidine HCl with 20 mM KH2PO4, incubating at room 
temperature for 15 min and vortexed for 5 seconds every 5 
min. Afterwards they were centrifuged at 2400 g for 10 
min and the absorbance of the supernatant was measured 
at 370 nm. The concentration of the DNPH was calculated 
using the DNPH molar extinction coefficient (22000 M-1 
cm-1). Results were expressed as nM of DNPH per mg of 
protein. 

2.7. Superoxide Dismutase and Catalase 
Activities 

An unique sample extraction was made for both 
enzymes activity measurements. Samples of 2.3-2.5 g 
frozen meat were homogenized with 26 ml of extraction 
buffer (0.15 M KCl and 0.79 M EDTA pH 7.4), using an 
Ultra Turrax (IKA T18 Basic) at 12000 rpm for 1 min. 
The homogenate was centrifuged 10 min at 9000 g at 4 ºC. 
The supernatant was extracted and used to determine SOD 
and catalase activities. 

For the total SOD activity determination, the incubation 
mixture was prepared as follows: 2850µl of 50mM 
phosphate buffer (pH 8.2), 75µl of supernatant and 75µl 
of 10mM pyrogallol. This method is based on the 
inhibition of pyrogallol autooxidation by SOD, and is 
showed by the increase in absorbance at 340 nm recorded 
on 10 seconds intervals during 2 minutes. The results are 
expressed as IU and IU per gram of fresh meat. An IU was 
defined as the SOD activity needed to inhibit 50 % of 
pyrogallol auto-oxidation [25,26]. 

Catalase activity determination was done using the 
method described by Aebi [27]. It measures the 
disappearance of H2O2 reflected by the decrease in the 
absorbance at 240 nm during a period of 210 s recorded 
every 30 s. The incubation mixture contained: 2820 µl of 
extraction buffer, 90 µl of the above mentioned 
supernatant and 90 µl of 6.56 mM H2O2. Results were 
expressed as µmoles H2O2 min-1 per gram of fresh meat 
and as nM H2O2 min-1 per mg of protein. 

2.8. Glutathione Peroxidase Activity 
The method followed for this determination was 

previously described [28,29]. Samples of 5g frozen meat 
were homogenized with 25ml of extraction buffer (50 mM 
KH2PO4 and 0.5mM EDTA), using an Ultra Turrax (IKA 
T18 Basic) at 18000 rpm for 1 min. The homogenate was 
centrifuged at 2000g for 2min at 4ºC and the supernatant 
was filtered. A supplementary aliquot of 4 ml was saved at 
4ºC for further protein determination assay. The 
composition of the assay mixture was 50 mM KH2PO4 
buffer, 0.5mM EDTA, 1mM reduced glutathione 
(SIGMA-ALDRICH G4251), 0.15 mM NADPH (SIGMA 
N1630 or Fluka 93220), 1.5 U glutathione reductase 
(SIGMA G3664), 0.15 mM H2O2 and 1mM NaN3 
(SIGMA S-2002). The incubation mixture was prepared as 
follows: 1980µl of assay mixture and 20µl of filtered 
sample. Glutathione oxidase activity was measured at 
22ºC, based on the recording of oxidation of NADPH 
reflected by the diminution of absorbance at 340 nm of the 
incubation mixture every 30sec through a period of 3min. 
Glutathione peroxidase activity was expressed as µmoles 
of oxidized NADPH min-1 per gram of fresh meat and as 

nM min-1 per mg of protein. The concentration of the 
NADPH was calculated using the NADPH molar 
extinction coefficient at 22ºC (6300 M-1cm-1). 

2.9. Determination of Protein Content 
Assessment of protein content for enzymes activities 

determination was done using the method described by 
Stoscheck [30]. BSA (SIGMA) used as standard, was 
dissolved in the corresponding assay buffer. Absorbance 
were measured at 280 nm with the use of a 
spectrophotometer Genesys 6 (Thermo, USA) and using 
quartz cells. 

2.10. Statistical Analysis 
Data were analyzed using NCSS (NCSS, 329 North 100 

East, Kaysville, UT 84037, USA) software, running the 
GLM procedure followed by the Tukey-Kramer multiple 
comparison test. All data within the same variable, from 
each production system were compared using one-way 
ANOVA procedure. The significance level was 
established at p < 0.05. All values are reported as mean ± 
standard error of the mean (SEM). 

3. Results 

3.1. Colour and pH 
The colour determination showed for lightness (L*) a 

system main effect (p < 0.001), a muscles main effect (p < 
0.001) and a time effect (p < 0.05). The organic chicken 
meat showed a higher L* than the conventional one. 
Within the same muscle and time, at 3 and 24 hours post-
mortem the Pectoralis major and Gastrocnemius muscles 
of organic chickens showed a higher L* than the Sartorius 
muscle. For conventional chicken meat, at 3 hours post-
mortem the L* showed that Gastrocnemius > Pectoralis 
major > Sartorius (Table 1). At 24 hours post-mortem, the 
L* of the Sartorius muscle showed that Gastrocnemius = 
Pectoralis major > Sartorius (Table 1). 

For the redness (a*), the results showed a system (p < 
0.001) and a muscle (p < 0.001) main effect, but not a 
time effect. At 3 but not at 24 hours post-mortem, the 
organic chicken meat showed a higher a* than the 
conventional ones (Table 1). Within the same muscle and 
time, the a* showed for organic meat that at 3 hours post-
mortem Sartorius > Gastrocnemius > Pectoralis major 
(Table 1). The conventional chicken showed a* results as 
follow Gastrocnemius = Sartorius > Pectoralis major. At 
24 hours post-mortem the a* in organic chicken meat 
showed that Sartorius > Pectoralis major = 
Gastrocnemius. For conventional ones, the results for a* 
showed differences as follow Gastrocnemius > Pectoralis 
major = Sartorius (Table 1). 

For yellowness (b*), the results showed a system (p < 
0.001) and a time (p < 0.001) main effects, but not a 
muscle effect (Table 1). The values of b* were lower in 
organic meat than in conventional meat, both at 3 and 24 
hours post-mortem. Independently to the production 
system and muscles, the value of b* were lower at 3 than 
at 24 hours post-mortem. Within the same muscle and 
time, no difference between the three muscles was 
detected (Table 1). 
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Table 1. Color of meat at 3 hours and 24 hours post mortem in three muscles of organic and conventional chicken 
Hours post-mortem 

 3 24 
Muscles Organic Conventional Organic Conventional 

L*  
Pectoralis major 55.5 ±1.5a 51.9 ±0.51b 57.7 ±1.2a 53.3 ±0.6ª 

Sartorius 51.3 ±1.0b 48.5 ±0.78c 53.1 ±0.8b 49.5 ±0.4b 
Gastrocnemius 56.2 ±0.7a 54.6 ±0.58a 57.6 ±0.5a 53.2 ±0.4a 

 Signification 
Main effects System : Muscles : Time : 

  
a*  

Pectoralis major 1.38 ±0.24c 0.74 ±0.25a 0.69 ±0.25b 1.28 ±0.26b 
Sartorius 4.34 ±0.44a 1.76 ±0.15b 3.29 ±0.81a 2.91 ±0.21b 

Gastrocnemius 2.93 ±0.23b 2.03 ±0.41b 2.19 ±0.28ab 3.61 ±0.4ª 
 Signification 

Main effects System : Muscles : Time : NS 
  

b*  
Pectoralis major 15.1 ±0.6a 17.1 ±0.3a 16.9 ±0.5a 19.7 ±0.5a 

Sartorius 15.3 ±0.4a 17.3 ±0.5a 16.7 ±0.6a 19.1 ±0.6ª 
Gastrocnemius 14.6 ±0.5a 17.6 ±0.8a 15.6 ±0.5a 20.2 ±0.8a 

 Signification 
Main effects System : Muscles : NS Time : 

Values are means (n=5) ± SEM. L*= lightness, a*= redness, b*= yellowness. 
Main effects signification: *= p < 0.05. ***= p < 0.001, NS= not significant. 
Within the same production system and time pos-mortem, different letters means significant differences (p < 0.05). 

The pH showed a system main effect (p < 0.0001) but 
not a muscle nor a time effect. The pH was higher at 3 and 
24 hours in the chicken meat of conventional system in 

comparison to the chicken meat of organic system (Table 
2).

Table 2. Values of meat pH at 3 hours and 24 hours (ultimate pH) post-mortem in three muscles of organic and conventional chicken. 
Hours post-mortem 

 3 24 
Muscles Organic Conventional Organic Conventional 

  
Pectoralis major 6.03 ±0.01 6.22 ±0.08 5.98 ±0.09 6.09 ±0.05 

Sartorius 6.12 ±0.02 6.18 ±0.05 6.02 ±0.06 6.16 ±0.03 
Gastrocnemius 6.00 ±0.03 6.14 ±0.06 6.02 ±0.06 6.12 ±0.03 

 
 Signification 

Main effects System Muscle NS Time NS 
 

Values are means (n=5) ± SEM. Main effects signification: ****= p < 0.0001, 
NS=not significant. 

3.2. Haem Iron Content 
The results for haem iron content showed a system (p < 

0.01) and a muscle (p < 0.001) main effect (Figure 1). 
Within the same production system, both in organic and 
conventional chicken meat, Pectoralis major showed a 
lower (p < 0.05) content of haem iron in comparison to 
Sartorius and Gastrocnemius muscles (Figure 1). 
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Figure 1. Haem iron determined at 24 hours post mortem in three 
muscles of chickens produced on organic and conventional rearing 
system. Bars are mean ± SEM (n=5). Different letters at the top of the 
bars means significant differences (p < 0.05) 

3.3. Lipid and Fatty Acid Composition  
The lipid content showed a muscle main effect (p < 

0.002) but not a system main effect (Figure 2). However, 
independently of the production system, the 
Gastrocnemius muscle showed more lipids (p < 0.05) than 
the Pectoralis major muscle (Figure 2). 
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Figure 2. Total lipids content in two muscles of chickens produced on 
organic and conventional rearing system. Bars are mean ± SEM (n=5). 
Different letters at the top of the bars means significant differences (p < 
0.05). NS= not significant 

For fatty acids composition, a main effect for the 
production system has been obtained for almost all the 
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detected fatty acids, except C16:0, C18:3n6 and C20:5n3 
(Table 3). A muscles main effect has been observed only 
for C16:0, C16:1, C18:0, C18:3n3 and C20:3n6 (Table 3). 
When the different classes of fatty acids were considered, 
it appears that the organic chicken meat showed a higher 
(p < 0.001) content of monounsaturated fatty acids and a 
lower (p < 0.001) content of polyunsaturated fatty acids 

(Table 3). Furthermore, the n-6 and the n-3 fatty acids 
family both showed a lower (p < 0.001) contents in 
organic chicken meat (Table 3). No effect of production 
system was detected for the saturated fatty acids. This last 
class of fatty acids, showed only a muscle main effect (p < 
0.01), having the Gastrocnemius muscle more saturated 
fatty acids than the Pectoralis major one (Table 3). 

Table 3. Fatty acids composition of meat in two muscles of chickens produced on organic and conventional rearing system 

Fatty acids 
Rearing system Main effects 

signification Organic Conventional 
(g/100 g Fatty acids ) 

 Pectoralis major Gastrocnemius Pectoralis major Gastrocnemius System Muscles 
C14:0 1.09 ±0.09 0.95 ±0.08 0.46 ±0.03 0.33 ±0.05 *** NS 
C14:1 0.23 ±0.03 0.16 ±0.07 0.08 ±0.01 0.05 ±0.02 *** NS 
C16:0 21.45±0.69 22.49 ±0.51 20.04±0.15 21.62±0.79 NS * 
C16:1 5.87 ±0.58 4.63 ±0.56 2.66±0.23 1.49 ±0.21 *** ** 
C18:0 9.29 ±0.60 10.52 ±0.72 10.28±0.74 12.82 ±0.96 * * 
C18:1 46.25±1.07 44.47 ±1.69 29.42±1.15 27.27 ±1.63 *** NS 

C18:2n6 9.22 ±0.94 9.85 ±0.96 28.89±0.92 24.29 ±1.94 *** NS 
C20:0 0.05±0.003 0.04 ±0.01 0.08±0.006 0.09 ±0.02 *** NS 

C18:3n6 0.07 ±0.01 0.06 ±0.009 0.12 ±0.01 0.08 ±0.02 NS NS 
C20:1 0.82 ±0.14 0.58 ±0.04 0.23 ±0.03 0.17 ±0.02 *** NS 

C18:3n3 0.47 ±0.06 0.36 ±0.05 2.00 ±0.13 1.27 ±0.26 *** ** 
C20:3n6 0.07 ±0.01 0.15 ±0.03 0.35 ±0.04 0.66 ±0.11 *** ** 
C20:3n3 0.54 ±0.11 0.72 ±0.13 nd nd *** NS 
C20:4n6 1.33 ±0.39 1.89 ±0.57 2.56 ±0.57 4.76 ±1.20 ** NS 
C20 :5n3 0.09 ±0.03 0.13 ±0.03 0.14 ±0.02 0.25 ±0.08 NS NS 
C22:4n6 0.26 ±0.07 0.33 ±0.10 0.45 ±0.11 0.75 ±0.18 * NS 
C22 :5n3 0.29 ±0.07 0.17 ±0.05 0.45 ±0.09 0.96 ±0.25 *** NS 
C22 :6n3 0.16 ±0.05 0.30 ±0.07 0.77 ±0.22 1.85 ±0.53 *** NS 

Unidentified 2.45 ±0.10 2.19 ±0.29 1.03 ±0.10 1.29 ±0.21 *** NS 
 

SFA 31.88±0.74 34.00±0.62 30.86±0.76 34.86±1.51 NS ** 
MUFA 53.16±1.63 49.84±2.16 32.38±1.38 28.98±1.85 *** NS 
PUFA 12.49±1.43 13.95±1.66 35.72±0.64 34.87±1.58 *** NS 

n-6 10.95±1.29 12.28±1.58 32.36±0.65 30.54±1.31 *** NS 
n-3 1.54±0.19 1.67±0.16 3.36±0.21 4.33±0.65 *** NS 

Values are means ± S.E.M (n=5), nd= not detected, SFA= Saturated fatty acids, MUFA= Monounsaturated fatty acids, PUFA= Polyunsaturated fatty 
acids. Main effects signification: *= p < 0.05, **= p < 0.01, ***= p < 0.001, NS= not significant.

3.4. Lipid and Protein Oxidation 
For TBARS the results showed a system (p < 0.0001) 

main effect but not a muscle main effect. The organic 
chicken meat presented a lower TBARS level than the 
conventional one (Figure 3). 

For protein carbonyls, neither a system nor a muscle 
main effect was observed (Figure 4). 
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Figure 4. Protein carbonyls content in muscles of chickens produced on 
organic and conventional rearing system. Bars are mean ± SEM (n=5). 
NS= not significant 

3.5. Anti-oxidative Enzyme Activities 
The superoxide dismutase activity expressed both as 

U/g wet meat and U, showed neither a system effect nor a 
muscle effect (Figure 5). 

The catalase activity expressed by g of wet meat 
showed a system (p < 0.02) and a muscle (p < 0.001) main 
effect (Figure 6). Also, when catalase activity was 
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expressed by mg of protein, the results showed a system 
(p < 0.01) and a muscle (p < 0.001) main effect (Figure 6). 
In all cases, the organic chicken showed more catalase 
than the conventional ones. Furthermore, the Pectoralis 
major muscle showed a lower activity of catalase (p < 
0.05) than Gastrocnemius muscle in both production 
systems (Figure 6). 
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Figure 6. Catalase activity in muscles of chickens produced on organic 
and conventional rearing system. Bars are mean ± SEM (n=5). Different 
letters at the top of the bars means significant differences (p < 0.05) 
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Figure 7. GPx activity in muscles of chickens produced on organic and 
conventional rearing system. Bars are mean ± SEM (n=5). Different 
letters at the top of the bars means significant differences (p < 0.05). NS= 
not significant 

The GPx activity expressed by g of wet meat showed 
both a main effect of the production system (p < 0.002) 
and a muscle (p < 0.005) main effect (Figure 7). When the 
results were expressed by mg of protein only a muscle (p 
< 0.001) main effect was observed, but not a production 
system effect (Figure 7). However, both in organic and 
conventional production system, the Pectoralis major 
muscle showed a lower (p < 0.05) activity of GPx than 
Gastrocnemius muscle (Figure 7) 

4. Discussion 
In Uruguay, chicken meat is well accepted by 

consumers and takes a great part of the regime at all ages. 
The positive healthy image of the chicken meat, both 
organic and conventional, is associated principally with its 
nutritional composition related to its lower fat content and 
the presence of polyunsaturated fatty acids (PUFA). The 
affordable price of this kind of meat in the market makes 
it very attractive. The poultry market in Uruguay 
commercializes, for both organic and conventional 
systems, eviscerated carcasses of animals weighing 
between 1800 and 2600 g obtained from animals reared 
during 49-56 days. The carcasses of free-range or 
organically produced chickens were generally lighter than 
the conventional ones [4,31]. In Uruguay, as in other 
countries, the organic chicken meat has been directed 
towards consumers who are interested in the respect of 
animal welfare and the potential human health quality 
attribute associated to the organic chicken meat. However, 
the appearance and the texture of meat remain equally 
critical to the final selection of the product and the 
ultimate acceptance of the cooked product. 

4.1. Colour, pH and Haem Iron Content 
In the present investigation the L* showed higher 

values in organic meat, compared to conventional meat, at 
3 hours and 24 hours post-mortem. Those values could be 
considered close to the threshold of pale meat for the 
broiler breast meat produced in Italy [32]. However, 
another investigation [33] considered a L* of 60 a limit for 
a pale meat in the poultry breast meat. Thus, it seems that 
there is not a value of L* which could be established as a 
standard threshold to discriminate unequivocally between 
pale and normal poultry meat. The pale poultry meat with 
a high L* was often associated with a low ultimate pH, 
generally below 5.70, in comparison to the normal meat. 
Of course, those results [32,33] were from breast meat, but 
a similar consideration could be assumed for Sartorius and 
Gastrocnemius muscles evaluated in the present 
investigation. In the report of Swatland [34], the 
subjective selection of pale and dark breast meat of 
conventionally produced 6 weeks-old chicken, conducted 
to the observation that a pH of 5.91 ± 0.12 and 6.36 ± 0.25 
corresponded to a pale and a dark meat, respectively. 
Furthermore, in this same work, the low pH corresponded 
to a higher light reflectance, while the higher pH 
corresponded to a lower reflectance, both cases associated 
with the microstructure of the muscle fibres. In the present 
investigation, the recorded ultimate pH showed values 
ranged between 5.98-6.12 in organic meat and 6.09-6.22 
in conventional one. In conclusion, It seems unlikely that 
the organic muscles evaluated in the present investigation 
could be considered as pale meat in regard to the relation 
between the L* values and the ultimate pH. Overall in our 
investigation, the L* showed higher values in organic 
meat and the ultimate pH showed lower values in organic 
meat, both compared to the conventional meat. For the 
redness (a*) the comparison between muscles showed that 
the Pectoralis major seems to be the muscle with the 
lower redness in comparison to the other two studied 
muscles. This result was in agreement to the observation 
reported by others [4,35] and could probably be associated 
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with a lower level of haem iron in meat detected in the 
present investigation, in both production systems. Haem 
iron is a highly associated component of the red colour in 
poultry meat [36]. However, the variations of a* between 
the two production systems were not clear. Then, taken 
together, the comparison between organic and 
conventional meat showed, in the present investigation, an 
opposite result. Indeed, the a* at 3 hours post-mortem 
were, overall, higher in organic meat, while the a* at 24 
hours post-mortem were higher in conventional meat. 
Moreover in the present investigation, the conventional 
meat showed, at 24 hours post-mortem, a lower level of 
haem iron in comparison to the organic meat. Thus, the 
implication of iron pigment in poultry meat cannot be 
sufficient to explain the difference in redness between 
organic and conventional meat. 

For the yellowness (b*), organic meat showed lower 
values compared to the conventional meat at 3 and 24 
hours post-mortem. Although the values of b* were close 
between the two kinds of meat, these differences could be 
explained by the diet differences between the organic and 
the conventional system. The conventional system used a 
diet largely based on corn which acts as a natural pigment 
to ensure the carcass yellowness, while the organic system 
used only a reduced amount of Non-genetically Modified 
corn. In Uruguay the no-GMO organic corn is rare and 
expensive [37], so only a limited amount of this corn is 
used (< 10 %) for the organic poultry production system. 
To compensate this, the organic producers included dried 
alfalfa to obtain an adequate grade of yellowness of the 
carcasses [38]. In the scientific literature, the values of b* 
were highly variable depending on the level of yellowness 
required by the market. In Uruguay the consumers prefer a 
yellow carcass. The values of b* observed in the present 
investigation were in the same order those observed in 
another report [35], but higher than those reported by 
other authors [4,39], both working on Ross poultry breed, 
the same one used in our investigation. 

4.2. Lipid and Fatty Acid Composition  
The total lipids content of the two muscles showed no 

difference between the two production systems. However, 
the Gastrocnemius muscles showed, as expected [40-42], 
a higher content in lipids than the Pectoralis major for 
both organic and conventional system. 

The results of the fatty acids composition showed an 
unexpected difference between the meat from the organic 
system and the meat from the conventional one. Indeed, 
when the total fatty acids were grouped by class, it 
appears that the polyunsaturated fatty acids (PUFA) 
showed a dramatic difference between the two production 
systems. The pectoralis major and the Gastrocnemius 
muscles in organic system contain 12.49 % and 13.95 % 
of PUFA, respectively, while the same muscles in the 
conventional system showed levels of 35.72 % and 34, 
87 %, respectively. Within the PUFA class, the n-6 fatty 
acids showed a level of 2.5 to 3 times more in 
conventional meat than in organic one. These results could 
probably be explained by the difference of the diet offered 
to the animals in the two systems. In the conventional 
production system, the diet was based mainly on corn and 
soybean. As linoleic acid is a typical polyunsaturated fatty 
acid present in corn and soybean, this probably explains 

why the meat of conventional chickens contained three 
times more of this fatty acid in comparison to the organic 
chickens.” 

Also, the n-3 fatty acids showed a level 2 to 2.6 times 
more in conventional than in organic meat. In particular, 
the high level of docosapentahexaenoic acid (DPA) and 
the docosahexadecanoic acid (DHA) observed in the 
conventional system can be explained by the use of fish 
meal in the diet offered to the animals. In the organic meat, 
the presence of total n-3 fatty acids (particularly DPA and 
DHA) could probably be explained by the inclusion of 
grass and dry alfalfa in the diet. This explanation has been 
previously suggested for organic and conventional chicken 
production system [4,43], and it has also been reported in 
other non-ruminant animals [44,45]. 

In the same time, the organic meat showed a higher 
level of monounsaturated fatty acids (MUFA), mainly 
oleic and palmitoleic fatty acids in the two muscles, in 
comparison to the conventional meat. Furthermore, 
Gastrocnemius showed, independently of the production 
system, a higher level of MUFA in comparison to the 
Pectoralis major. Finally, no differences were observed 
for the saturated fatty acids (SFA) in the two muscles for 
both production systems. 

The fatty acids composition of organic meat should be 
considered nutritionally insufficient for humans in regard 
to the PUFA content. The main advantage of chicken meat 
is the interesting level of pufa in comparison to others 
usual meats such as beef, lamb and pig [46]. However, 
this positive aspect of chicken meat is absent in the 
organic meat evaluated in the present investigation. 

4.3. Lipid and Protein Oxidation 
The meat from the organic system showed a level two 

or three more times lower than the corresponding muscles 
of the conventional system. However, no difference 
between muscles was detected. Although the organic meat 
evaluated in the present investigation, could be considered 
as much more stable than the conventional meat in regard 
to the level of TBARs, the fatty acids composition can 
probably explain this result in great part. The organic meat 
showed in one part a reduced level of PUFA, the main 
target of oxidation process in meat, and in another part a 
higher level of MUFA, mainly oleic acid, which helps 
greatly in the lipid stability of all kinds of meat and other 
foods. The TBARS observed in our investigation, in both 
systems, were lower than those reported in another 
investigation [4] and higher than those reported by other 
authors [35,42,47]. The protein oxidation showed no 
difference between muscles and system. The protein 
oxidation damage in meat affects amino acidic residues 
causing a loss of the protein functionality affecting their 
nutritional and organoleptic functionality [48,49]. Reports 
which studied the protein oxidation of chicken meat are 
very sparse in the scientific literature to compare with our 
results [16,50]. However, our results showed that the 
organic production system did not cause a major protein 
oxidation of the two studied muscles in comparison to the 
conventional one. 

4.4. Anti-oxidative Enzyme Activities 
The activity of SOD showed no difference between 

Pectoralis major and Gastrocnemius muscles nor between 
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production systems, in the two result expression mode. 
Unfortunately, data on SOD in chicken meat, 
independently of the production system, cannot be sourced 
in the scientific literature for comparison. 

To the contrary, the catalase activity in Pectoralis 
major muscle was lower than in Gastrocnemius muscle in 
the two production systems. Our results agree with those 
of Jahan et al. [47], who found that catalase activity was 
higher for chicken meat from an organic production 
system. Furthermore, other investigation [13,51], found a 
higher catalase activity in thigh meat in comparison to 
breast meat. The research done in human skeletal muscle, 
before and after exercise, showed a significant increase of 
catalase activity after a moderate physical training. [52]. 
Thus, chicken reared under the organic production system 
conditions have access to outdoor and grass paddocks, and 
enter the pens only to sleep, so they spend the day walking. 
Even though this exercise of walking cannot be considered 
as physical training, it can be considered as a chronic 
moderate exercise compared to the very low mobility of 
chicken in the conventional system. So, it could be 
possible to attribute the higher catalase activity we found 
in organic chicken muscle meat to the exercise they do. 
Furthermore, the catalase activity was higher in 
Gastrocnemius muscles which has an oxidative 
metabolism and lower in the Pectoralis major muscle 
which has a glycolitic metabolism. In this sense, our 
results agree with those of Jenkis & Tengi [53], who 
found that oxidative muscles present higher catalase 
activity than glycolytic ones. 

SOD and catalase act in concert to counteract the 
oxidative processes in meat, by the transformation of 
H2O2 into H2O and O2. The two enzymes are the first line 
defence antioxidants. A third enzyme which also 
participates in that first line of defence is the GPx. In the 
present investigation, the GPx showed different results 
depending how its activity was expressed, i.e. by g of 
meat or by mg of proteins. When the results were 
expressed by g of meat, the organic meat showed a lower 
activity compared to the conventional one. Also the 
pectoralis major muscle showed a lower activity than the 
Gastrocnemius one. However, no difference was observed 
for the same muscle in the conventional system. When the 
activity of GPx was expressed by mg of protein, no 
difference between the two production systems were 
observed. However, the Pectoralis major muscle showed 
a lower activity of GPx in comparison to Gastrocnemius 
muscle, in both organic and conventional systems. This 
agrees with the results of Daun & Åkesson [15], who 
found that GPx activity was significantly higher in 
oxidative muscles of chicken, duck and turkey when 
compared to glycolytic ones. Indeed, it is generally 
considered that oxidative muscles have higher GPx 
activities than glycolytic ones [54]. 

5. Conclusion 
The results of the present investigation showed that the 

organic chicken meat as produced in Uruguay has a good 
oxidative stability. However, this meat cannot be 
considered adequate for the consumers in regard to its 
nutritional value, at least for PUFA contents. Although the 
high value of the organic meat resides in its safety in 

regard to chemical residue and welfare of the animals, it’s 
also indispensable that the nutritional value of this kind of 
meat must be ensured for the consumers. The notion of 
nutritional security has to be strongly considered in the 
case of organic chicken meat. Most of the regulations 
which are worldwide applied, generally insist much on 
what kinds of food have to be banned and what kinds of 
chemical treatment have to be conducted to preserve the 
meat from possible contamination. However, these same 
regulations do not define in anyway, what kind of 
adequate nutritional composition is required in the meat 
for the consumers. There is no doubt that organic chicken 
meat has to be equally safe than nutritive. This particular 
point should be considered in future official regulations 
for organic chicken meat production. A similar viewpoint 
has been emitted by Castellini [55]. 

In the specific case of Uruguay, the banned use of 
GMO food and the limited availability of no-GMO corn 
and soybean [37] exacerbated the difficulty of the feed 
formulation to produce organic chicken meat, but this 
situation could be done in other parts of the world. It 
seems important in Uruguay to stimulate the emergence of 
rules which regulate and monitor the nutritional 
composition of the organic meat or any other specially 
produced chicken meat to ensure nutritional security for 
the consumers. On the other hand, the organic chicken 
producers have to innovate in their feeding strategy, 
choosing other PUFA OGM-free source available in the 
country or the region, such as the chia, the horse fat or the 
well known linseed [56,57,58]. 
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