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Abstract
Meat is an important part of the human diet since it provides several nutrients. However, the 
amount of these nutrients can differ according to several factors. With this in mind, the present 
research was designed with the main objective of evaluating the effect of production system of 
broiler chickens (industrial, range and organic) on meat quality. The physicochemical, chemical 
and nutritional characteristics were determined in breast and drumstick meat. The organic chick-
ens presented the lowest amounts of fat and cholesterol and the highest amounts of protein. The 
colour was also influenced by the production system, where organic and range chickens had the 
highest values of redness in both cuts (breast and drumstick). In addition, the content of essential 
fatty acids (C18:2n-6 and C18:3n-3) and other fatty acids with high biological importance, such as 
eicosapentanoic acid (EPA; C20:5n-3), docosapentanoic acid (DPA; C22:5n-3) and docosahexano-
ic acid (DHA; C22:6n-3) were higher in organic samples compared to industrial or range chickens. 
The amino acids content did not vary with the production system. With regard to mineral contents, 
organic chickens had the highest values of iron in drumstick and significantly lower values of 
magnesium in both cuts than industrial chickens. On the whole, the meat of the organic chickens 
showed better nutritional characteristics than those produced in range or industrial conditions. 
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Poultry meat production represents approximately 36% of the global meat pro-
duction, with chicken production being the most common source of poultry meat, 
representing about 89% of total poultry production (FAOSTAT, 2018). Most of 
chicken meat production is produced under intensive systems. However, in recent 
years, an increased consumer interest in chicken production has been shown, espe-
cially linked to upbringing and natural food. Meat from these birds is associated with 
high quality products. Thus, alternative poultry production systems are defined – 
free-range and organic. These increases in the production were reflected in the or-
ganic poultry head numbers, registering almost a 14% yearly increase between 2005 
and 2015 in the European Union (European Commission, 2016). 

The production and control of free-range and organic poultry are regulated ac-
cording to European Commission Regulations 543/2008 and 889/2008, respectively 
(OJ 2008 a, 2008 b). In these regulations, organic poultry production is defined as the 
production coming from slow-growing breeds or fast-growing raised until a mini-
mum age of 81 days. Animal accommodation conditions must provide a high level of 
animal welfare, fed on pastures, fodder and food preferably from the farm, and with 
free access to outdoors spaces. Free-range poultry production is not as restrictive 
as organic production. Birds also should have free access to outdoor space, which 
improves the quality of the products obtained and helps to maintain biodiversity and 
sustainable agricultural production, especially in depressed areas.

Chicken meat is an important source of edible animal protein, phosphorus and 
other minerals. It also contains less fat than other cuts (e.g. beef and pork), with 
a higher proportion of unsaturated fatty acids than saturated fatty acids. This ratio 
makes it a good alternative to red meat [Food and Agriculture Organization (FAO) 
2010]. 

Chicken meat quality can be influenced by several factors, such as the production 
system (Husak et al., 2008; Puchała et al., 2015), age (Díaz et al., 2010) and geno-
type (Jaturasitha et al., 2008; Franco et al., 2013). Quality indicators of meat sensory 
characteristics (colour, cooking losses and tenderness) and meat quality (intramus-
cular fat and fatty acid profile) could be affected by these parameters, being able to 
influence the consumer acceptability (Andersen et al., 2005). Rearing system can 
influence the amount of fat deposited and the fatty acids proportion (Bogosavljević-
Bošković et al., 2012), being able to change the fatty acids profile (Kavouridou et al., 
2008). The quality of the fatty acids could be improved by including grass as part of 
the nutrition, which would increase the polyunsaturated fatty acids content (greater 
proportion of components from the α-linolenic fatty acids family) in relation to satu-
rated acids (Crespo and Esteve-García, 2002; Bessa et al., 2006). These fatty acids 
have an important role in the prevention and treatment of cardiovascular diseases, 
and in the normal growth and development (Simopoulus, 2004; Kritchevsky, 2008).

Although consumers increasingly demand meat from chickens raised in a free-
range or organic production systems, the relatively little scientific information avail-
able focuses primarily on comparing growth parameters. As commented above, other 
publications regarding meat quality focus on analysing a single factor, such as diet, 
the rearing system, slaughter age, etc. However, the present research intends to en-
compass all the factors that differentiate chicken farming systems (diet, genetic line-
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ages, rearing system and slaughter age), and verify how these factors, together, affect 
the composition and quality of meat. In addition, this study presents a complete 
analysis of the meat of each group of animals, including compositional and physico-
chemical parameters, fatty acids, amino acids and minerals content, thus contribut-
ing to a description of the chemical and nutritional composition of the industrial, 
range and organic chickens meat.

In summary, the main objective of this work was to evaluate the effect of pro-
duction system of broiler (industrial, range and organic) on meat characteristics as 
proximate composition, colour characteristics, mineral content, fatty acid and amino 
acid profiles in breast and drumstick meat. 

Material and methods

Animals management and sampling procedures
This study was conducted with a total of 30 female chickens (broilers) divided 

according to production system into industrial (n = 10), range (n = 10) and organic 
(n = 10). Each group of animals used in the present research were reared in a sin-
gle farm (plot). Therefore, a total of 3 plots (industrial, range and organic farms) 
were employed. A total of 28,000 birds were reared in the intensive group, 24,000 
in the range group and 9,600 in the organic group. From each farm, 10 animals were 
randomly selected according to their live weight. The weight at which they were 
sacrificed was fixed before the beginning of the experiment. The sacrifice of all the 
chickens was performed when they reached approximately 2.7 kg of live weight. 

Animals of industrial group were raised in intensive conditions. The broiler line-
age used in this group was Ross 308. All animals of this research were housed in  
a farm, directly on the ground with wood chip or rice husk bed and forced ventilation 
with a maximum density of 39 kg per m2. The temperature, humidity and light condi-
tions were controlled throughout the rearing process. The industrial chickens were 
slaughtered at 45 days. In contrast, range and organic groups were housed under tra-
ditional conditions according to Commission Regulations 543/2008 and 889/2008, 
respectively (OJ 2008 a, 2008 b), aiming to reproduce the most common system used 
in poultry outdoors. Range chickens, using Sasso XL-44 as lineage, were housed in 
a farm, directly on the ground with wood chip or rice husk bed and natural ventila-
tion with a density of 27.5 kg per m2. During at least half of their lives, the birds had 
access during the day to open air space that includes an area covered with vegetation 
for the most part, with an area equal to or greater than of 1 m2 per animal. Range 
chickens were slaughtered at 57 days. Organic chicken (Sasso T-44) was also pro-
duced directly on the ground with wood chip or rice husk bed and natural ventilation 
with a density of 21 kg per m2, and with outdoor access with an area equal to or great-
er than 4 m2 per animal. Organic chickens were slaughtered at 81 days. All animal 
management was in accordance with the ethics approval P.CPA.00815 (24/11/2015). 

The feed was different depending on the group of animals. In industrial group, 
birds were fed ad libitum with a starter commercial diet up to 8 days. From 9 to  
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19 days, birds were fed with a standard commercial grower diet. Between days 20 
and 42, animals were fed with a commercial finishing diet. In the last step of rearing 
(three days before slaughter), animals were fed with a commercial finishing diet. On 
the other hand, range and organic animals were fed ad libitum with a commercial 
starter diet up to 25 days, and since day 26 until slaughter with a commercial finish-
ing diet. Its duration depended on the group of animals, 32 and 56 days for range and 
organic, respectively. The commercial compound feed for the industrial and range 
chickens was supplied by Coren Agroindustrial S.A.U. (Ourense, Spain), while the 
feed for the organic chickens was supplied by Caponcito S.R.L. (Lugo, Spain) with 
the organic certificate number GA/096/CO. Table 1 shows the chemical composition 
and fatty acids composition of commercial finishing diet of industrial, range and 
organic chickens.

Table 1. Chemical composition of the finishing diet
Chemical composition (g/100 g) Industrial Range Organic

1 2 3 4
Protein 20.1 17.3 19.5
Fat 7.7 4.5 4.9
Ash 4.8 5.3 4.1
Fibre 2.6 2.5 4.7
Mineral mix:

Ca (g 100 g–1) 0.70 0.80 0.36
Na (g 100 g–1) 0.17 0.17 0.095
Fe (mg kg–1) 49.5 49.5 30.0
Cu (mg kg–1) 15.0 15.0 3.0
Se (mg kg–1) 0.30 0.30 0.10
Zn (mg kg–1) 48.0 48.0 40.0

Vitamin mix:
Vitamin A (IU kg–1) 8800 11000 10000
Vitamin D3 (IU kg–1) 3200 4000 2000
Vitamin E (mg kg–1) 30.0 35.0 20.0

Amino acids:
Lysine (g 100 g–1) 1.15 1.07 1.33
Methionine (g 100 g–1) 0.55 0.52 0.45

Fatty acids (g/100 g of fatty acids):
C14:0 1.26 0.13 0.07
C14:1n-5 0.18 nd nd
C15:0 0.19 0.02 0.03
C16:0 21.57 12.75 12.10
C16:1n-7 3.15 0.13 0.12
C17:0 0.46 0.09 0.10
C17:1n-7 0.26 0.05 0.05
C18:0 9.74 2.75 3.38
C18:1n-9 31.80 24.72 20.32
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Table 1 – contd.
1 2 3 4

C18:1n-7 1.87 1.21 1.10
C18:2n-6 24.45 52.63 54.24
C20:0 0.17 0.39 0.39
C20:1n-9 0.41 0.25 0.22
C18:3n-3 2.07 4.03 6.99
C20:2n-6 0.18 0.05 0.06
C22:0 0.09 0.31 0.31
C20:5n-3 0.08 0.24 0.27
SFA 33.48 16.44 16.38
MUFA 37.67 26.36 21.81
PUFA 26.78 56.95 61.56
n-6 24.63 52.68 54.30
n-3 2.15 4.27 7.26

nd: not detected. Industrial: The feed composition was made with animal fat, flours of corn, wheat, soy and 
canola and vitamin and mineral supplement in unknown contents.

 Range and organic: The feed composition was made only with vegetable ingredients, including flour of 
corn, wheat and soybean and vitamin and mineral supplement in unknown contents.

Before slaughter (reached 45, 57 and 81 days for industrial, range and organic, 
respectively), the birds were placed in crates and transported to an accredited abattoir 
(Centro de Procesado Avícola, COREN, Ourense, Spain). The birds were weighed 
(2.87±0.06 kg, 2.63±0.27 kg and 2.72±0.16 kg of live weight for industrial, range 
and organic, respectively), hung on shackles on a slaughter line, killed by mechani-
cal exsanguination, plucked and eviscerated. The carcasses were chilled in a 4°C 
cool room for 24 h. At this moment, carcasses were transported to the laboratory to 
carry out the analysis. The carcasses were weighed and the left side of the carcass 
was quartered according to Jensen (1984). The pectoralis major muscle was excised 
from breast and iliotibialis and sartorius muscles from drumstick for analysis. 

	
Physicochemical and proximate composition analysis
The pH of the samples was measured after 24 h using a digital portable pH-meter 

(Hanna Instruments, Eibar, Spain) equipped with a penetration probe. Colour param-
eters were measured using a portable colorimeter (Konica Minolta CM-600d, Osaka, 
Japan) with pulsed xenon arc lamp filtered to illuminant D65 lighting conditions, 
0° viewing angle geometry and 8 mm aperture size, to estimate meat colour in the 
CIELAB space (CIE, 1976): luminosity (L*), redness (a*) and yellowness (b*). The 
colour was measured in three different points of each sample. Before each series of 
measurements, the instrument was adjusted using a white ceramic tile. 

Moisture, protein and ash were quantified according to the ISO recommended 
standards (ISO 1442:1997, ISO 937:1978 and ISO 936:1998, respectively), while to-
tal fat was extracted and quantified according to the American Oil Chemists Society 
Official Procedure Am 5-04 (AOCS, 2005). For determination of total cholesterol,  
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2 g of sample were saponified with potassium hydroxide in ethanolic solution and 
cholesterol was extracted with n-hexane and separated and identified by normal 
phase-HPLC technique following the procedure described by Domínguez et al. 
(2018). The content of total cholesterol in chickens’ meat was calculated, in du-
plicate for each muscle sample, based on the external standard technique, from  
a standard curve of peak area vs. concentration. Results were expressed as mg cho-
lesterol/100 g of meat. 

	
Fatty acid methyl esters analysis
Total fat was extracted from 10 g of sample, according to Bligh and Dyer (1959) 

procedure. Between 100 and 200 milligrams of fat was used to determine the fatty 
acid profile. Total fatty acids were transesterified according to Domínguez et al. 
(2015 a) procedure. Separation and quantification of the FAMEs was carried out 
using a gas chromatograph (GC-Agilent 7890B; Agilent Technologies Spain, S.L., 
Madrid, Spain) equipped with a flame ionization detector following the chromato-
graphic conditions described by Domínguez et al. (2015 a). Data regarding FAME 
composition were expressed in g/100 g of fatty acids.

The atherogenic index (AI) and thrombogenic index (TI) were calculated accord-
ing to Ulbricht and Southgate (1991): 

AI=[C12:0+(4*C14:0)+C16:0]/[(ΣPUFA)+(ΣMUFA)]; 
TI=[C14:0+C16:0+C18:0]/[(0.5*ΣMUFA)+(0.5*n-6)+(3*n-3)+(n-3/n-6)]

The hypocholesterolemic/Hypercholesterolemic ratio (h/H) was calculated ac-
cording to Fernández et al. (2007): h/H = [(sum of C18:1n-9, C18:1n-7, C18:2n-6, 
C18:3n-6, C18:3n-3, C20:3n-6, C20:4n-6, C20:5n-3, C22:4n-6, C22:5n-3 and 
C22:6n-3)/(sum of C14:0 and C16:0)].

Protein amino acid profile
The hydrolysis of the protein, derivatization, and identification of hydrolysed 

amino acids were carried out following the procedure described by Domínguez et 
al. (2015 b). Data regarding amino acid composition were expressed in mg/100 g of 
meat.

Mineral composition
The quantification of mineral elements (Ca, Fe, K, Mg, Na, P and Zn) was per-

formed by inductively coupled plasma-optical emission spectrometry (ICP-OES), 
according to the procedure described by Lorenzo et al. (2015). The final value for 
each element was obtained by calculating the average of three determinations. The 
results were expressed as mg/100 g of meat.

Statistical analysis
A total of 60 samples (10 animals per production system × 3 production systems 

× two cuts) were analysed for different parameters. The effect of production sys-
tem on pH, colour parameters, chemical composition, fatty acids, amino acids and 
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mineral composition was examined using a one-way ANOVA, where these param-
eters were set as dependent variables and the rearing system of commercial chickens 
as fixed effect. The values were given in terms of mean values and standard er-
ror (SEM). The least squares mean (LSM) were separated using Duncan’s test with  
a significance level P<0.05. All statistical analysis was performed using IBM SPSS 
Statistics 19 software (IBM, Corp., 2010).

Results

Chemical composition and colour characteristics
The ultimate pH, the chemical composition and the colour parameters of breast 

and thigh meat of the three commercial chickens are shown in Table 2.
Regarding ultimate pH values, breast cuts were significantly affected by rearing 

system (P<0.001), reaching higher values in the industrial group in relation to the 
organic and range groups, which presented similar means. Whereas no significant 
differences were found between the three groups for the ultimate pH values in drum-
stick samples. 

Colour parameters showed significant differences (P<0.05) among the three 
groups studied in both breast and drumstick samples. Regarding luminosity (L*), the 
behaviour was different depending on the muscle studied. In breast, the differences 
among samples were not significant. The organic group presented lowest L* values 
in drumstick samples in relation to the industrial and range groups, which presented 
similar means.

Regarding redness (a*), the values were higher in range group than the other 
groups for the breast. In drumstick samples, the groups range and organic presented 
higher a* values in relation to the industrial. Yellowness (b*) values showed a similar 
behaviour in both cuts, being observed higher values in the range group when com-
pared to industrial and organic, which presented similar values.

Chemical composition of breast and drumstick of the three groups studied are 
shown in Table 2. Rearing system had a significant effect on chemical composition. 
The moisture values were higher in industrial group in both cuts, while range and 
organic samples showed similar values. Regarding protein, the contents were differ-
ent among the three commercial types of chickens studied. For the drumstick, the 
organic group presented higher protein value in relation to the others; for the breast, 
the organic and range groups had higher averages in relation to the industrial.

Rearing system had a significant effect (P<0.01) on fat content. These differences 
were especially observed in breast samples, where the values found in industrial 
group were almost four times higher than those found in range and organic chickens. 
The effects on drumstick samples were similar to breast. Rearing system also had 
effect on ash content. Organic chickens showed the highest contents in the two cuts 
studied. 

Regarding cholesterol, its contents were different among the group of commer-
cial chicken. Between commercial chickens, industrial group showed the highest 
values in both cuts. 
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Fatty acid profile
The fatty acid profile of chicken breast and drumstick meat is shown in Table 3. 

The fatty acid profile was the same in both cuts. The major fatty acid was C18:1n-9 
(oleic acid), followed by C16:0 (palmitic acid), C18:2n-6 (linoleic acid), C18:0 
(stearic acid), C16:1n-7 (palmitoleic acid) and finally C18:1n-7 (vaccenic acid), 
C20:4n-6 (arachidonic acid) and C18:3n-3 (linolenic acid) with similar values. The 
individual content of the other 14 fatty acids identified in the meat samples was in 
all cases less than 1%. 

Although the profile is the same, the content of the fatty acids was different 
among the three commercial types of chickens studied. Rearing system influenced 
18 out of 22 fatty acids in breast and all fatty acids content in drumstick. Saturated 
fatty acids (SFA) did not show significant differences between three groups in both 
cuts. Industrial chickens showed the highest content of C14:0, C15:0 and C17:0 in 
both cuts, while the values of C16:0 were significantly higher in range than the other 
2 production systems in drumstick meat and higher than industrial chickens in breast 
meat. On the contrary, organic chickens showed the highest values of C20:0 com-
pared to range chickens in breast and higher than the other two production systems 
in drumstick. However, the content of this fatty acid was not very important, since in 
all cases it represented less than 0.1% of total fatty acids. The lowest values of C18:0 
were found in range meat in both cuts, and there are no differences in this fatty acid 
content between industrial and organic chickens. 

Regarding monounsaturated fatty acids (MUFA), animals from industrial group 
showed the highest values, followed by animals from range group, and by organic 
group in breast and drumstick. Similar results were observed for C18:1n-9 (oleic 
acid), C18:1n-7 and C20:1n-9. Another important fatty acid was C16:1n-7, which 
presented the same values for industrial and range chickens, while organic group 
showed the lowest values of this fatty acid in both cuts. Regarding MUFA, the other 
minority fatty acids, such the contents of C14:1n-5 and C17:1n-7 in drumstick, or 
the content of 9t-C18:1 in both cuts were higher in the industrial group than in the 
animals from the other two production systems. 

In contrast, the content of polyunsaturated fatty acids (PUFA) was significantly 
higher in the meat of organic group chickens, followed by range chickens and by 
industrial in breast and drumstick. Similar results were reported for n-6 PUFA. The 
highest amounts of C18:2n-6 were found in range and organic groups in breast meat 
and in organic group in drumstick, while the industrial chickens presented signifi-
cantly lower values than the other 2 groups in both cuts. In the case of C20:4n-6 
organic chickens had higher values than the other 2 groups of animals in both cuts. 
The other minority n-6 fatty acids showed also a similar trend. Drumstick from or-
ganic chickens had the highest content of C18:3n-6, C20:2n-6 and C20:3n-6, while 
in the breast, only the content of C20:3n-6 showed significant differences, its content 
being higher in range and organic groups than industrial chickens. In a similar way, 
the n-3 PUFA of organic chickens were also higher than the other two groups in both 
cuts. The contents of C18:3n-3, C22:5n-3 and C22:6n-3 in both cuts and the content 
of C20:5n-3 in drumstick were higher in organic than in the industrial and range 
chickens. 
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In order to evaluate the nutritional value of intramuscular fat, n-6/n-3 ratio, ath-
erogenic index (AI), thrombogenic index (TI) and h/H ratio were calculated. In the 
present study, only n-6/n-3 was affected by rearing system. In this case and in both 
cuts, the highest value of this ratio was observed in meat of range chickens, followed 
by industrial chickens and by organic chickens. The other nutritional indices did not 
show differences between the three groups of chickens.

Amino acids composition
The amino acid composition of breast and drumstick of industrial, range and 

organic chickens is shown in Table 4. The amino acid profile was the same in both 
cuts. Between all amino acids, only the content of histidine from breast showed dif-
ferences (P<0.001) among the three rearing system. In this regard, organic and range 
chickens presented higher values of this amino acid than in industrial chickens. 

On the other hand, in both cuts, the amino acid that showed the highest content was 
glutamic acid followed by aspartic acid and lysine with similar values, leucine, arginine 
and alanine. The sum of these six amino acids represents 57% of the total amino acids. 
In contrast, the lowest values were found, also in both cuts, for cysteine and methionine.

The essential/non-essential ratio also did not present significant differences be-
tween the chicken groups.

Mineral composition
The concentrations of minerals of breast and drumstick of three commercial 

chickens are presented in Table 5. The most abundant macroelements were potas-
sium (K) and phosphorous (P) with similar amounts, followed by sodium (Na), mag-
nesium (Mg) and calcium (Ca). The lowest values of macroelements were observed 
for zinc (Zn) and iron (Fe). In the present study, statistical analysis showed that the 
amounts of Na and Mg in breast and Fe and Mg in drumstick were influenced by 
rearing system. Chickens of industrial group showed higher values of Na in breast 
than the other two groups of animals. The content of Mg was also higher in industrial 
chickens group than in range and organic chickens in both cuts. Finally, the content 
of Fe was significantly higher in the drumstick of organic chickens than in industrial 
chickens, while range chickens showed intermediate values.

Table 5. Mineral composition of breast and drumstick meat of three commercial chickens

Minerals 
(mg/100 g)

Breast Drumstick
Industrial Range Organic SEM Sig. Industrial Range Organic SEM Sig.

Ca 5.79 6.41 6.41 0.30 ns 6.63 6.33 6.19 0.30 ns
Fe 0.34 0.44 0.41 0.02 ns 0.59 a 0.68 ab 0.77 b 0.02 **
K 211 202 201 2.39 ns 186 184 171 3.22 ns
Mg 41.2 b 26.1 a 25.8 a 1.96 *** 29.4 b 21.5 a 19.1 a 1.18 ***
Na 53.5 b 47.4 a 46.9 a 1.23 * 68.2 68.5 66.1 1.24 ns
P 210 206 210 4.96 ns 176 180 173 4.19 ns
Zn 0.55 0.49 0.48 0.01 ns 1.33 1.40 1.38 0.03 ns

a, b – mean values in the same row (corresponding to the same parameter) not followed by a common letter 
differ significantly (Duncan’s test; P<0.05); Sig.: significance: * (P<0.05), ** (P<0.01), *** (P<0.001), ns (not 
significant); SEM: standard error of the mean.
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Discussion

Chemical composition and colour characteristics
The lowest pH values found in breast for range and organic groups could be due 

to these animals having free access to outdoor space, which means better animal 
welfare. These conditions reduce the stress pre-slaughter, which leads to less pre-
slaughter glycogen breakdown in the muscle and therefore more substrate for post-
mortem metabolism (Castellini et al., 2002).

Colour is considered an important quality indicator and has an impact on con-
sumer acceptability (Mennecke et al., 2007). Production system is one of the fac-
tors that could influence meat colour (Fanatico et al., 2005). In the present study, 
the higher values obtained for a* in meat from range chickens could be due to the 
increase of physical activity associated with access to outdoors (Husak et al., 2008). 
These trends can also be observed in organic chickens since these animals have ac-
cess to the outdoors. Some authors concluded that the higher physical activity re-
sulted in an increase of myoglobin content, which is positively related with redness 
(Fletcher, 1999). 

Moreover, the slaughter age could also have influence on colour parameters. 
Older animals have higher contents of myoglobin and therefore higher a* values 
(Castellini et al., 2002; Husak et al., 2008). In the present study, younger animals 
(industrial chickens) were those that obtained the lowest a* values in relation to the 
range and organic chickens, in both cuts.

An important aspect to take into account is the detection and prevention of PSE 
meat to obtain quality poultry meat. In this sense, pH and colour are parameters 
that are related to PSE conditions and therefore could be considered as quality in-
dicators (Barbut,1998; Woelfel et al., 2002). In fact, a significant correlation was 
obtained between pH and the colour parameters L* and a* (r= –0.27, P<0.05 and 
r=0.46, P<0.01, respectively). These findings were similar to those found by other 
authors, who described a negative correlation between pH and L* values (r= –0.636 
and r= –0.961; P=0.0001) and a positive correlation with a* (r=0.275 and r=0.947; 
P=0.0001) (Fletcher, 1999; Qiao et al., 2001). According to Trout (1989) the positive 
correlation between pH and a* values is due to the protective effect of pH on the 
denaturation of myoglobin pigments. 

Production system has been shown to influence the quality of poultry meat (Cas-
tellini et al., 2002; Bianchi et al., 2007; Fanatico et al., 2007; Husak et al., 2008). 
In this way, significant differences (P<0.05) were found between the three types of 
commercial chickens. The effect of rearing system on the chemical composition of 
chicken meat could be associated with the fact that animals reared under outdoor 
conditions are submitted to a natural ambient that led to differences in the structural 
manifestations of tissues and organs, as well as affecting metabolic biochemical pro-
cesses (Bogosavljević-Bošković et al., 2010 a).

The values found for moisture showed that samples of animals reared outdoors 
had lower contents in breast and in drumstick. These results agree with those re-
ported in the literature (Castellini et al., 2002; Husak et al., 2008). The differences 
in this parameter could be related with the slow-growing genotype poultry, which 
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had poorer water holding capacity than fast-growing ones (Santos et al., 2005). The 
poor water holding capacity in slow-growing birds is attributed to their tissue being 
less mature metabolically at harvest than the fast-growing birds (Castellini et al.,  
2002).

According to Castellini et al. (2002) and Bogosavljević-Bošković et al.  
(2010 b), organic chickens showed the lowest fat contents. These differences could 
result from organic and range chickens having more physical activity than indus-
trial chickens, which would favour myogenesis instead of lipogenesis (Castellini 
et al., 2002; Fanatico et al., 2007). Additionally, other studies have shown that the 
additional space provided in free-range and organic production increases leanness 
in poultry, most likely due to activity (Castellini et al., 2002). As occurs in breast, 
in drumstick organic samples showed the lowest fat contents, although those were 
very similar to industrial samples. However, in this case range chickens displayed 
the highest fat values, which could be related with the type of muscle and its activity. 
Another possible explanation is that the slow-growing genotypes, as we used in the 
range and organic systems, had lower fat compared with fast-growing genotypes, as 
Ross used in our industrial system (Wattanachant et al., 2004).

In the same way, organic chickens showed the highest contents of protein, fol-
lowed by range and industrial animals. This is in accordance with the results found 
by Husak et al. (2008) and Bogosavljević-Bošković et al. (2010 b). Moreover, in 
agreement with Wattanachant et al. (2004), protein content achieved the highest val-
ues in breast cut. This author also concluded that slow-growing genotypes had higher 
protein content compared with fast-growing genotypes. The values obtained were 
similar to those found by other authors in chicken (Castellini et al., 2002; Castellini 
et al., 2006; Husak et al., 2008). The main reason for the high amounts of protein 
on range and organic system was possibly related to exercise in an outdoor system 
contributing to muscle development and therefore higher protein (Fanatico, 2007).

Regarding ashes, organic chicken had higher contents in the pieces studied. The 
most viable explanation would be that older animals tend to have higher minerals 
content in the meat, which is related to metabolic growth and development activi-
ties (Prändal et al., 1994). This may justify the higher value of ashes in the meat of 
animals raised in the organic system, since they were slaughtered later. 

Regarding cholesterol, production system was a factor that had influence on its 
contents (P<0.05). These values were within the typical values found in poultry meat 
of 27 to 90 mg/100 g (Chizzolini et al., 1999). In fact, other authors found in breast 
of broilers amounts of cholesterol between 35.9 and 43.1 mg/100 g and in thigh 
between 50.9 and 76.1 mg/100 g (Komprda et al., 1999; Komprda et al., 2000 a). 
The behaviour of cholesterol contents was in agreement with the results found by 
Pettersson and Aman (1991), and Bragagnolo and Rodríguez-Amaya (2002), who 
observed that the amounts of cholesterol decrease significantly when the slaughter 
age increases. Additionally, intramuscular fat (IMF) is another of the parameters that 
can affect the amount of cholesterol, since pieces with high content of IMF present 
proportionately less membrane polar lipids and therefore lower amounts of the cho-
lesterol associated with these membranes (Alasnier et al., 1996). However, in the 
present study only values obtained for drumstick complied with what has been men-
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tioned previously, namely range chickens obtaining the highest IMF contents (and 
therefore the lowest cholesterol contents). 

These results were interesting from a nutritional point of view because choles-
terol content has been an important aspect in making nutritional decisions. Moreo-
ver, poultry meat is considered a recommendable food, which was reflected in the 
contents found. The levels found in the present study were below the maximum 
daily recommendations for cholesterol intake; one hundred-gram portion of chicken 
drumstick meat without skin represents only 14.7% of the upper limit of daily cho-
lesterol intake in breast samples and 13.2% in drumstick (300 mg per day) (Ameri-
can Heart Association, 2008). 

On the whole, range and organic chickens presented more favourable cholesterol 
contents in both commercial cuts from the viewpoint of healthy human nutrition. 

The aforementioned results allow us to affirm that chicken produced under or-
ganic conditions would be a good alternative to industrial systems, since outdoor 
access could improve meat quality reducing fat and cholesterol contents as well as 
favour the higher contents of protein and ashes.

Fatty acids composition
As commented in the results section, in the present study, both cuts showed the 

prevalence of MUFA followed by SFA and PUFA. This profile was previously re-
ported by Geldenhuys et al. (2015) in goose hunted in summer season, by Gálvez et 
al. (2018) in turkey and by Komprda et al. (1999, 2000 a, b) in chickens. In contrast, 
Kuttappan et al. (2012) found similar contents of SFA, MUFA and PUFA (30–35%) 
in broiler breast, while Geldenhuys et al. (2015) in goose, Komprda et al. (2002) in 
turkey and Zhao et al. (2011) in broilers found that PUFA were the major fatty acids 
(between 37 and 50% of total FAME). Husak et al. (2008) found differences in fatty 
acid profile among organic, free-range and conventional broilers. These authors ob-
served that organic broilers presented PUFA as major fatty acids while MUFA were 
the most important fatty acids in conventional and free-range broilers. 

It was evident that the production system significantly affected the fatty acids 
content of the chicken meat. As commented above, in both cuts, organic chickens 
present the highest values of PUFA (both n-3 and n-6 PUFA), while the highest 
values of MUFA were found in industrial chickens. Range chickens presented inter-
mediate values of MUFA and PUFA. In contrast, the content of total SFA were not 
influenced by production system. These findings are in accordance with the results 
obtained by Husak et al. (2008), who described higher MUFA and lower PUFA (es-
pecially n-3) values in conventional broilers than free-range and organic broilers. 

Therefore, organic and range productions are clearly different from industrial pro-
duction system. These differences are related to the diets received in each production 
system. It is well known that the main factor influencing the fatty acid composition 
of the meat is the variation in the diet of the animals (Wood and Enser, 1997; Gelden-
huys et al., 2015). This fact is particularly evident in monogastric animals where 
the dietary fatty acids are incorporated directly into the tissue lipids (Domínguez 
et al., 2015 c; McRae et al., 2005). This theory coincides with the findings of our 
study, where the diet of industrial production had higher contents of C18:1n-9 (31.8 
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vs. 20–24%) and lower amounts of C18:2n-6 (24.45 vs. 52–54%) and C18:3n-3  
(2.07 vs. 4–7%) than the other two production systems. In addition, access to a grass 
(with high amounts of C18:3n-3) in range and organic production could also explain 
the high content of C18:3n-3 in breast and drumstick meat in comparison with indus-
trial production system (Husak et al., 2008). Therefore, the differences observed in 
C18:2n-6 and C18:3n-3 amount could presumably be due to the increased uptake of 
dietary fatty acids in adipocytes in the range and organic chickens. 

In this regard, Komprda et al. (2002) also observed that fatty acids from the diet 
strongly influenced the final amounts of fatty acids in turkey meat. These authors 
found that turkeys fed with a diet that contained sunflower oil (54.7% of C18:2n-6) 
and other feeds with linseed oil (36.5% of C18:3n-3) present higher amounts of 
these fatty acids in meat (thigh and breast). This is due to animals being incapable of 
synthesizing PUFA, and C18:2n-6 and C18:3n-3 must be supplied by the diet (Kut-
tappan et al., 2012). 

Furthermore, since C18:3n-3 is the precursor of the C20:5n-3, C22:5n-3 and 
C22:6n-3 (Wood and Enser, 1997), it is expected that the concentration of these 
also increase. However, in the present research only the content of C22:5n-3 and 
C22:6n-3 in organic chickens showed higher amounts than industrial chickens. This 
fact could be related with the high amounts of n-6 PUFA in the diet. According 
to Gerster (1998), the n-6 rich diets decreased the conversion of C18:3n-3 to the 
other long-chain n-3 PUFA. In this regard, other authors argue that the most im-
portant factor to the conversion of C18:3n-3 in long-chain n-3 PUFA was probably 
not C18:2n-6 amount itself, but C18:2n-6/C18:3n-3 ratio (Komprda et al., 2000b; 
Domínguez et al., 2015 c). With this in mind, it is easy to understand why there are 
no significant differences in C20:5n-3, C22:5n-3 and C22:6n-3 between industrial 
and range chickens. In the present study the C18:2n-6/C18:3n-3 ratio of industrial 
(11.8) and range (13.1) diets is so similar, while this ratio in organic diet is lower 
(7.7). In addition, we also confirm the dependence of C20:4n-6 content in meat on 
the C18:2n-6 amount in the diet.

Finally, nutritional indices were calculated according to the fatty acids values. 
These indices show the ratio between the healthy and unhealthy fatty acids, and 
they give us information about the health of the fat composition and therefore the 
influence they can exert on various diseases. The values of atherogenic index (AI), 
thrombogenic index (TI) and h/H ratio did not show significant differences between 
industrial, range and organic chickens in both cuts. Other authors reported values of 
0.48 of AI and 0.74–0.88 of TI in chicken (Castellini et al., 2006) and 0.45 of AI, 
0.88–0.98 of TI and 2.3–2.5 of h/H ratio in turkey meat (Galvez et al., 2018). The 
n-6/n-3 ratio is another vital aspect with regards to human health. It is well known 
that the high proportion of PUFA in itself is not necessarily healthy if it is not bal-
anced in relation to the n-6/n-3 ratio, which should not exceed 4 (Simopoulos, 2004). 
Excessive amounts of n-6 PUFA and very high n-6/n-3 PUFA ratios promote several 
kinds of pathogenesis, whereas increased levels of n-3 PUFA (and low n-6/n-3 PUFA 
ratios) exert suppressive effects (Simopoulos, 2004). In this case, organic chickens 
showed the lowest and range chickens showed the highest values of this ratio. Howev-
er, all of the samples analysed presented values higher than the recommended values.
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On the whole, organic chickens with high amounts of essential fatty acids 
(C18:2n-6 and C18:3n-3), other fatty acids with high biological importance as long-
chain n-3 PUFA and lower n-6/n-3 ratio presented more favourable meat from the 
viewpoint of human nutrition. 

Amino acids composition
Considering the human requirements of amino acids [World Health Organization 

(WHO) 2007], the lean poultry is a valuable source of dietary essential amino acids 
(Dillon, 2013; Pereira and Vicente, 2013). In this study, arginine was included in the 
essential amino acids, as done by Hoffman et al. (2005), because arginine is consid-
ered a conditionally essential amino acid (Arienti 2003).

Multiple studies in poultry meat showed similar results to ours. The amino acid 
profile obtained in the present research, in which the major amino acid is glutamic 
acid, followed by aspartic acid, lysine and leucine with similar amounts, and then 
arginine and alanine were previously reported in chicken (Zhao et al., 2011; Fu et 
al., 2016), turkey (Ribarski and Oblakova, 2016; Gálvez et al., 2018;) and goose 
(Geldenhuys et al., 2015). 

On the other hand, analysis of amino acid composition showed no great differ-
ence among production systems. In fact, only histidine in breast meat showed dif-
ferences between the production systems. Additionally, the two lineages used in the 
present study also did not influence the amino acid composition. In the same way, the 
values of essential/non-essential ratio did not show differences among production 
systems and range between 1.03 and 1.12. These values agree with those described 
by Gálvez et al. (2018) in turkey meat. 

In accordance with our results, Zhao et al. (2011) did not find differences in ami-
no acids content between two broiler breeds. In the same way, Ribarski and Oblako-
va (2016) did not find differences between the amino acids amount in turkey breast. 
This suggests that the amino acid content is scarcely influenced by factors such as 
diet, production system or slaughter age. According to De Smet and Vossen (2016), 
the low differences found in amino acids are due to the amino acid profile of muscle 
tissue being relatively conserved. 

Mineral composition
The composition of minerals is another important aspect for human health (Rib-

arski and Oblakova, 2016). In this regard, several factors could be responsible for the 
variation of some minerals content in meat. According to Geldenhuys et al. (2015) 
the main factors that can vary meat minerals are genetic, sex, environmental and diet. 
However, in this research, although older animals tend to have higher ashes content, 
the mineral composition did not reflect this aspect. We only observed slight differ-
ences in 3 out of 7 minerals studied.

Our mineral contents agree with those reported by Geldenhuys et al. (2013, 2015) 
who found that P was the most abundant mineral followed by K in goose meat. 

On the other hand, the differences obtained in Fe amounts in drumstick meat 
between organic, range and industrial chickens could be due to the differences in 
myoglobin content. The high level of Fe in organic and range chickens is attributed 
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to elevated myoglobin content because the drumstick muscle of these chickens en-
dures a high level of physical activity (extensive system) in comparison with indus-
trial chickens (intensive system). Therefore, the chickens produced in an extensive 
system have a high myoglobin content for oxygen supply. This aspect was probed by 
Geldenhuys et al. (2013), who concluded that the metabolic capacity and fibre com-
position of the muscle is the main factor that affects the amount of Fe. Additionally, 
meat is considered to be a good source of Fe because 50–60% is in the heme form 
and is therefore more readily adsorbed (Luciano, 2009). 

With the results obtained in the present study it is possible affirm that chicken 
meat is an excellent source of some minerals such as Fe, Zn and P. The chicken meat 
contains all the minerals essential for human consumption [Food and Agricultural 
Organization (FAO), 2001] and the increased bioavailability of certain minerals such 
as Fe or Zn (Geldenhuys et al., 2015) is also beneficial for human health.

As a general conclusion, the production system had high influence on chemical 
and nutritional characteristics of meat. In all cases, organic chickens showed higher 
amounts of essential fatty acids (C18:2n-6 and C18:3n-3) and other fatty acids with 
high biological importance as long-chain n-3 PUFA and lower n-6/n-3 ratio, fat and 
cholesterol content. In addition, organic chickens had the highest values of Fe in 
drumstick meat. With this in mind, we can concluded that organic production system 
presented more favourable meat from the viewpoint of human nutrition. 
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