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INTRODUCTION 
 
In recent years, with the rapid economic growth and 

globalization of the food industry, increasing attention has 
been paid to the production and consumption of chicken 
meat. Chicken meat is rich in proteins, amino acids, 
carbohydrates, polyunsaturated fatty acids (PUFA), 
minerals, and low in fat, which is considered as one of the 

most desirable meats all over the world (Kamboh and Zhu, 
2013). Due to the balanced nutritional components, regular 
dietary intake of chicken meat has been suggested to reduce 
the incidence of many diseases and exert a beneficial effect 
on human health (Jayasena et al., 2013). Furthermore, the 
price of chicken meat is much cheaper than red meat (such 
as beef, lamb and pork meat), which also widely promote 
the production and consumption of chicken meat (Jayasena 
et al., 2013). Liu et al. (2012) reported that per capita 
consumption of chicken meat has increased approximately 
five folds during the last four decades in Korea. 

Consumer acceptance and processing functionality of 
meat depends on its quality, which is influenced by a series 
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of factors such as genetics, age, body weight, and other 
environmental conditions (Jung et al., 2011). Genetics has 
been considered as the major factor that influence meat 
quality of chickens in previous studies (Zhao et al., 2011). 
In general, nutrition value and physicochemical properties 
have been noted as the most crucial aspects in consumer 
perception of meat and meat products. Nutrition value is of 
great concern, but the physicochemical properties of meat, 
which include water holding capacity, shear force and color, 
are also important elements for meat processing and 
consumer acceptance. In China, three main commercial 
chicken breeds, namely, introduced broilers, spent hens and 
crossbred of the broiler with the layer stocks, are widely 
raised. The introduced commercial broiler grown only for 
40 d or so, and has become the main meat-type chicken in 
Chinese markets, which is mainly devoted to the fast-food 
industry for rotisserie-type products. The crosses (about 
30% of Chinese consumption) are also popular for their 
higher growing rate and feed efficiency (Tang et al., 2009). 
The spent hens, another potential source of chicken meat, 
are old (80-100 weeks old) birds that are characterized by 
an objectionable toughness of meat because of high 
amounts of heat-stable collagen (Kang et al., 2009). 

During the past decades, many studies on meat quality 
of the chicken breeds have mainly focused on carcass 
characteristics, color or water-holding capacity (Tang et al., 
2009; Zhao et al., 2011). However, little information is 
available on the nutritional properties (i.e., amino acids 
composition, fatty acid composition, and mineral 
composition) of different types of chicken meat (Rikimaru 
and Takahashi, 2010; Franco et al., 2012). Furthermore, 
there are few studies on the meat physicochemical 
characteristics and nutritional values of some commercial 
spent hens and Chinese crossbred breeds, and their unique 
taste and nutritional value in comparison with those of 
broilers have not evaluated clearly via scientific analyses. 
Thus, the aim of the present work was to compare 
physicochemical and nutritional properties among Chinese 
crossbred chickens, commercial broilers and spent hens (i.e., 
817 Crossbred chicken, Arbor Acres broiler and Hyline 
brown, which are widely raised in China), and the 
difference of these properties between breast and thigh meat 
were also assessed. The results could give indications as to 
which breeds should be used for which situation, eventually 
resulting in a promotion of the production of meat, and 
influence the consumption of different chicken meat 
products. 

 
MATERIALS AND METHODS 

 
Animals and meat sampling 

Chickens of the three breeds, including 817 Crossbred 

chicken (817C), Arbor Acres broiler (AAB) and Hyline 
brown (HLB) were used. 817 Crossbred chicken (mixed-
sex and with live weigh 1.3-1.5 kg), a commercial Chinese 
cross strain favored by the Chinese customers for the juicy 
texture and quick growth, was bred from commercial 
broiler and spent hen by the Institute of Poultry Science, 
Shandong Academy of Agricultural Sciences (Jinan, China); 
Arbor Acres broiler (mixed-sex and approximately 2.2-2.5 
Kg live weigh), a standard commercial broiler, selected for 
meat production, are well known for quick growth; Hyline 
Brown (HLB), a standard commercial spent hen (live weigh 
1.8-2.0 Kg), usually become available for further processed 
products at the end of egg laying cycle. All three chicken 
breeds were obtained from the holding area of a commercial 
plant and every breed reared in one flock under identical 
conditions without any discernible differences regarding 
nutrition or management. The diets of the three chicken 
breeds were the same and contained approximately 20% 
crude protein, 4% crude fiber and 3,050 kcal/kg of 
metabolic energy, which is a typical commercial feed for 
chickens (Wellhope Feed Co., Shanghai, China). The diets 
and water were provided for ad libitum intake. Birds were 
slaughtered at typical market ages: 817C at 45 d old, AAB 
at 40 d old and HLB at 560 d old.   

Experimental animals of all three breeds (20 birds per 
breed, respectively) were slaughtered by conventional neck 
cut, bled for 2 min, defeater, and eviscerated. The breast 
(pectoralis major) and thigh (biceps femoris) muscles from 
the left and right sides of carcasses were dissected after 
chilling at 4°C for 24 h. Then, they were trimmed of visible 
skin, excess fat and connective tissues. All procedures were 
approved by the Animal Care and Use Committee of the 
Food Science College of Nanjing Agricultural University. 
The right side of breast and thigh meat were vacuum-
packed and stored at 4°C until analyzed for cooking loss, 
pressing loss, color, and Warner-Bratzler shear force values 
within 2 d. The remaining half of each bird was minced 
separately, and then they were vacuum-packed and stored in 
a freezer at –20°C until further analysis of nutritional 
properties.  

 
Physicochemical analysis 

Proximate analysis: The minced breast and thigh meat 
samples which have not contained skin were employed to 
determine their proximate composition according to the 
Standard procedures of the Association of Official 
Analytical Chemists (AOAC, 2003). 

Color measurements: Color parameters (L*, relative 
lightness; a*, relative redness; b*, relative yellowness) was 
assessed on the fresh surface of meat samples using a 
colorimeter (CR-400, Minolta Camera Co., Osaka, Japan). 
Color coordinates (L*, a*, b*) were recorded using the 
average value of ten repeated measurements taken from 
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different locations on the meat surface.  
Determination of total and soluble collagen content: 

The total collagen content of each sample was determined 
according to hydroxyproline method as described by Kong 
et al. (2008) with some modifications. Briefly, the sample 
(100 mg) was hydrolyzed with 25 mL of HCl at 110°C for 
18 h. Then the hydrolysate was clarified with activated 
carbon, filtered, neutralized with 10 M NaOH, and diluted 
with distilled water to a final volume of 250 mL. The 
amount of hydroxyproline was determined by a 
spectrophotometer (DU 530, Beckman Instruments Inc., 
Fullerton, CA, USA) at 550 nm wavelength. Total collagen 
concentration (mg of collagen per g of meat) was calculated, 
assuming that collagen weighed 7.25 times the measured 
hydroxyproline value. Soluble collagen was extracted 
according to the method of Wattanachant et al. (2004). The 
collagen solubility was expressed as the percentage of the 
soluble collagen compared to total collagen. 

Cooking loss and pressing loss determination: The 
cooking loss of the sample was determined according to the 
method of Li et al. (2012) previously reported. Cooking loss 
was calculated as the difference in sample weight before 
and after cooking, and expressed as a percentage of the 
initial sample weight.  

Pressing loss was measured according to the method of 
Li et al. (2012) by using a compression machine (YYW-2, 
Nanjing Soil Instrument, Nanjing, Jiangsu, China). Pressing 
loss was calculated as a percentage of weight loss based on 
measurements before and after compression of meat, and 
expressed as a percentage of the original weight of the 
sample.  

Warner-Bratzler shear force measurements: Warner-
Bratzler shear force (WBSF) measurement was determined 
in triplicate on the same sample used for cooking loss 
determinations (Li et al., 2012). Three slices (1×1×3 cm) 
from each cooked sample were removed from each chicken 
meat parallel to the muscle fiber orientation. A single, peak 
shear force measurement was obtained for each core using a 
Warner-Bratzler meat shear machine (Salter 235, Manhattan 
KS, USA) and an average shear force (WBSF) was 
calculated and recorded for each muscle. A larger value 
indicated greater shear force and therefore, tougher meat. 

 
Nutritional value analysis 

Amino acid composition: Amino acid content in the 
freeze-dried meat samples was determined based on 
previously reported methods (Li et al., 2011). The amino 
acids were determined in triplicate using the Amino Acid 
Analyzer (L-8900, HITACHI, Tokyo, Japan), and results 
were presented gram of amino acids per 100 gram of freeze-
dried meat samples (g/100 g).  

Fatty acid profile: Fatty acid composition was analyzed 

by the original method of Jung et al. (2010). Fatty acid 
composition was analyzed by a gas chromatograph (GC-
2010, Shimadzu, Tokyo, Japan) and a 100-m capillary 
column (SP 2560, Supelco, Bellefonte, PA, USA) with a 
split ratio of 100:1. The temperature programme as follows: 
The ramped oven temperature was 140°C for 2 min, and 
increased to 225°C at 5°C/min and maintained for 45 min; 
the inlet temperature was 240°C and the detector 
temperature 240°C. The injection volume was 1 μL and the 
carrier gas was nitrogen. The fatty acid methyl esters 
(FAMEs) were identified by comparing the retention times 
to those of a standard FAME mixture (Supelco 37 
Component FAME mix, Sigma, Bellefonte, PA, USA). 

Mineral composition: Mineral elements content in the 
samples were analyzed as described previously by Abid et 
al. (2014). All samples were analyzed in triplicates by 
inductively coupled plasma optical emission spectrometer 
(ICP-OES, OPTIMATM 2100 DV, Perkin Elmer Inc., 
Shelton, CT, USA). The proper standards for each mineral 
element were made within the concentration range of 
mineral elements contained in the sample. Gas flow 
parameters of the ICP-OES included plasma of 15 L/min, 
auxiliary of 0.2 L/min and nebulizer of 0.8 L/min. The 
following chemical elements were determined in the 
prepared solutions: phosphorus, potassium, calcium, 
sodium, aluminium, copper, iron, magnesium, zinc, 
manganese and selenium.  

 
Statistical analysis 

Experimental results were expressed as means±standard 
deviation of triplicate determinations. The data were 
analyzed by one-way analysis of variance. Tests of 
significant differences were determined by Duncan’s 
multiple range tests at p = 0.05 or independent sample T- 
test (p = 0.05). A two-tailed Pearson’s correlation 
coefficient was conducted to determine the correlations 
among variables. Principal component analyses (PCA) was 
carried out with the proximate compositions and 
physicochemical date using the PRIN-COMP procedure of 
the SPSS software. Statistical analyses were performed 
using the SPSS version 17.0 (SPSS Inc., Chicago, IL, USA) 
software package for Windows.  

 
RESULTS AND DISCUSSION 

 
Proximate composition and collagen characteristics 

The proximate compositions of breast meat and thigh 
meat from 817C, AAB and HLB are presented in Table 1. It 
was found that chicken breeds had an obvious effect on 
proximate compositions of meat. For breast meat, the 
moisture, ash, intramuscular fat (IMF) and protein content 
of different chicken breeds was in the range of 74.42 to 
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74.93, 1.11 to 1.40, 1.12 to 2.03, and 20.46 to 22.37 g/100 g, 
respectively. For thigh meat, the moisture, ash, IMF and 
protein content of variant chicken breeds was in the range 
of 74.46 to 76.62, 0.96 to 0.97, 3.12 to 3.89 and 18.17 to 
19.46 g/100 g, respectively. In addition, Table 1 also 
showed that the protein content in the breast meat was 
significantly higher (p<0.05) than that in the thigh meat 
regardless of chicken breeds. Besides, for the three types of 
chicken, 817C and HLB showed higher protein contents 
than AAB regardless of the meat portions. As shown in 
Table 1, the content of IMF in breast, contrary to the 
content of protein, was lower than in thigh. Similar results 
were also reported in Huda et al. (2011) for duck meat and 
Jaturasitha et al. (2008) for chicken meat. Additionally, 
817C exhibited the lowest values of IMF for both meat 
portions. Similar results have also been observed by 
Jayasena et al. (2013) that native broilers had a lower fat 
content in both meat portions than commercial broilers. 
Jung et al. (2011) stated that the relatively low fat content of 
the native chicken meat probably due to the unique 
compositional characteristics. According to the proximate 
analysis, one can unequivocally state that the 817C 
represent a good source of protein and possesses lower fat 
content. 

Collagen content plays a role in the overall tenderness 
of muscle, and Jaturasitha et al. (2008) demonstrated that 
the tenderness of meat was negatively correlated with 
collagen content. As shown in Table 1, it was obvious noted 
that soluble collagen, total collagen and collagen solubility 
of thigh meat were higher (p<0.05) than that in breast meat 
regardless of chicken breeds except for the collagen 
solubility of 817C. Furthermore, it was also found that 
soluble collagen, total collagen and collagen solubility of 
817C, AAB and HLB exhibited significantly difference 
(p<0.05) regardless of the meat portions. Especially, the 
HLB showed the highest total collagen of breast meat and 
thigh meat, which were 4.01 and 7.47 mg/g, respectively, 
whereas the HLB also exhibited the lowest collagen 
solubility in both meat portions. Differences in the collagen 
characteristics among the three breeds could be attributed to 
differences in the age of the birds at slaughter 
(Wattanachant et al., 2004). It has also been demonstrated 
by Foegeding et al. (1996) that the solubility of collagen 
decreased with increased collagen cross-linking, and cross-
linking increases as an animal ages. Therefore, older HLB 
had higher total collagen with more highly cross-linked 
collagen as indicated by the less-soluble collagen content 
compared with younger breeds of 817C and AAB. 

 

Table 2. Evolution of color and textural properties of breast meat and thigh meat from 817 crossbred chicken (817C), Arbor Acres 
broiler (AAB) and Hyline brown (HLB) 

Samples 
Breast meat Thigh meat 

817C AAB HLB 817C AAB HLB 

L* 51.46±1.00Ab 53.18±0.82Aa 50.23±0.56Ac  49.62±1.11Ba 47.72±0.60Bc 48.77±0.50Bb 
a* 7.08±0.78Ba 5.87±0.54Bb 4.54±0.14Bc  12.30±1.24Ab 9.55±0.56Ac 15.01±0.47Aa 
b* 12.85±1.33Aa 3.37±0.65Bb 0.72±0.06Bc  9.94±1.46Ba 4.43±0.57Ab 0.79±0.04Ac 
Cooking loss (%) 17.20±0.76Ac 20.24±0.82Ab 22.57±0.77Ba  17.43±1.13Ac 20.08±0.85Ab 23.60±0.64Aa 
Pressing loss (%) 20.77±0.79Bc 26.78±1.36Aa 25.61±0.61Ab  24.62±1.63Ab 26.45±1.32Ba 25.60±0.39Aab

WBSF (N) 24.12±2.75Bc 49.75±3.86Bb 53.49±2.30Ba  30.88±2.93Ac 63.88±2.92Ab 80.42±2.58Aa 
WBSF, Warner-Bratzler shear force. 
Data are presented as mean±standard deviation (n = 3).  
Different small letter in the same row indicated significantly (p<0.05) different among AAB, 817C, and HLB for breast meat or thigh meat.  
Means with different capital letters in the same row indicated significantly (p<0.05) different between breast meat and thigh meat at a same breed. 

Table 1. Proximate composition and collagen characteristics of breast meat and thigh meat from 817 crossbred chicken (817C), Arbor 
Acres broiler (AAB) and Hyline brown (HLB) 

Samples 
Breast meat Thigh meat 

817C AAB HLB 817C AAB HLB 

Moisture (g/100 g) 74.75±0.43Ba 74.93±0.20Ba 74.42±0.28Ab  75.54±0.77Ab 76.62±0.61Aa 74.46±0.53Ac

Ash (g/100 g) 1.40±0.05Aa 1.17±0.07Ab 1.11±0.04Ab  0.97±0.04Ba 0.96±0.05Ba 0.97±0.04Ba 

Intramuscular fat (g/100 g) 1.12±0.10Bc 2.03±0.09Ba 1.62±0.09Bb  3.12±0.08Ab 3.88±0.17Aa 3.89±0.12Aa

Protein (g/100 g) 22.36±0.58Aa 20.46±0.44Ab 22.37±0.50Aa  19.42±0.48Ba 18.17±0.47Bb 19.46±0.47Ba 

Soluble collagen (mg/g) 0.96±0.06Ba 0.67±0.01Bb 0.71±0.04Bb  1.48±0.06Ab 1.57±0.08Aa 1.36±0.06Ac

Total collagen (mg/g) 3.14±0.16Bb 2.11±0.12Bc 4.01±0.14Ba  5.87±0.34Ab 4.90±0.17Ac 7.47±0.20Aa

Collagen solubility (%) 30.70±1.58Aa 31.99±2.05Aa 17.76±0.97Ab  25.34±1.23Bb 32.27±1.78Aa 18.21±0.83Ac

Data are presented as mean±standard deviation (n = 3).  
Different small letter in the same row indicated significantly (p<0.05) different among AAB, 817C, and HLB for breast meat or thigh meat.  
Means with different capital letters in the same row indicated significantly (p<0.05) different between breast meat and thigh meat at a same breed. 
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Color and textural properties 
Color and textural parameters of breast meat and thigh 

meat from different breeds are shown in Table 2. Muscle 
color, an important trait in chicken production, was affected 
by the breeds (Table 2). The 817C chicken had significantly 
higher a* and b* values (p<0.05) than AAB and HLB for 
breast meat. In addition, the thigh meat of 817C showed 
largest L* and b* values. Therefore, the 817C chicken was 
significantly more red and yellow than the AAB broiler and 
HLB layer. Generally, native breeds have darker meat than 
improved breeds (Wattanachant et al., 2004; Jayasena et al., 
2013). In addition, according to Hoffman et al. (2009), meat 
color was also associated with the concentration of haem 
pigments present in the muscle, especially myoglobin. 

As shown in Table 2, the cooking loss and WBSF of 
HLB was significant higher (p<0.05) than 817C and AAB, 
while 817C showed the lowest values of pressing loss, 
cooking loss and WBSF for both meat portions. Lower 
cooking loss and pressing loss of meat is beneficial because 
it will minimize weight loss especially during the 
processing of manufactured meat products. In addition, the 
value of WBSF in the thigh meat was significantly higher (p 
<0.05) than that in the breast meat for the three chicken 
breeds. This result was probably due to the difference in 
total and soluble collagen contents between the muscles. As 
shown in Table 1, the soluble and total collagen contents in 
the thigh meat was higher than the breast regardless of the 
chicken breeds whereas the corresponding WBSF value in 
thigh meat was higher. The correlation analysis obtained in 
Table 3 also supported that total collagen content 
significantly (r = 0.503) correlated with WBSF. In addition, 
cooking loss and WBSF is also highly correlated (r = 0.820) 
showed in Table 3.  

 
Principal component analysis for the quality 

characteristics of chicken meats 
PCA was conducted to provide an easy visualization of 

the relationships among proximate compositions (moisture, 
ash, IMF, protein), collagen characteristics (total collagen, 
soluble collagen, collagen solubility), color properties (L*, 
a*, b*), cooking loss, pressing loss and WBSF of chicken 
meats. Results for PCA applied to parameter values are 
summarized in Figure 1. Three principal components were 
extracted from statistical analysis, which explained 87.29% 
of the total variance in the dataset. The remaining principal 
components, which accounted for a very small proportion 
of total variability, were probably ineffective. The loadings 
in the PCA loading plot expressed not only how well the 
principal components were correlated with the original 
variables, but also how correlated variables were explained 
by the same PC and less correlated variables were explained 
by different PC (Xiao et al., 2014). As shown in Figure 1, 
soluble collagen, a*, lipid, total collagen, cooking loss and 
WBSF were found to be similarly loaded on PC1, which 
indicated positive correlations among soluble collagen, a*, 
lipid, total collagen, cooking loss and WBSF. In addition, 
the correlation results among the a*, total collagen, cooking 
loss and WBSF were similar to the conclusions drawn from 
the correlation analysis (Table 3), which suggested that total 
collagen content, cooking loss significantly correlated with 
WBSF. Thus, PCA could be helpful to provide valuable 
information on relationships among proximate composition, 
collagen characteristics, color properties, cooking loss, 
pressing loss and WBSF of chicken meats. 

 
Amino acid composition 

The amino acid profiles of breast meat and thigh meat 
from 817C, AAB, and HLB are depicted in Table 4. In the 
present study, it was found that types of chicken showed 
significant differences (p<0.05) in their amino acids 

Table 3. Pearson’s correlation coefficient between proximate composition, collagen characteristics, color and textural properties of 
chicken meat 

 Moisture Ash IMF Protein T-collagen S-collagen C-solubility C-loss P-loss WBSF L* a* b*

Moisture 1             

Ash –0.341** 1            

IMF 0.443** –0.853** 1           

Protein –0.566** 0.741** –0.884** 1          

T-collagen 0.038 –0.694** 0.771** –0.503** 1         

S-collagen 0.551** –0.624** 0.822** –0.763** 0.741** 1        

C-solubility 0.510** 0.329* –0.115 –0.210 –0.583** 0.069 1       

C-loss –0.285* –0.395** 0.300* –0.035 0.346** –0.144 -0.635** 1      

P-loss 0.060 –0.276* 0.194 –0.291* –0.255* –0.266** 0.148 0.333** 1     

WBSF 0.000 –0.591** 0.655** –0.450** 0.503** 0.217 –0.400** 0.820** 0.393** 1    

L* –0.347** 0.640** –0.706** 0.576** –0.728** –0.767** 0.266* –0.206 0.298* –0.458** 1   

a* 0.120 –0.583** 0.789** –0.634** 0.885** 0.776** –0.275* 0.129 –0.176 0.378** –0.572** 1  

b* 0.171 0.473** –0.334** 0.154 –0.22 0.168 0.498** –0.897** –0.572** –0.845** 0.167 0.005 1 

IMF, intramuscular fat; T-collagen, total collagen; S-collagen, soluble collagen; C-solubility, collagen solubility; C-loss, cooking loss; P-loss, pressing 
loss; WBSF, Warner-Bratzler shear force. 
** Correlation is significant at the 0.01 level (2-tailed). * Correlation is significant at the 0.05 level (2-tailed). 
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contents with the exception of arginine, methionine and 
tyrosine in breast. When compared the indices of meat 
portions, the breast showed higher (p<0.05) overall amino 
acids contents and the essential amino acid/non-essential 

ratios (E/NE) than thigh meat, except for several individual 
amino acids in the non-essential fraction. 

In the essential fraction, the predominant amino acids 
were lysine and leucine among all groups. It was noted that 

Table 4. Amino acids composition of breast meat and thigh meat (g/100 g dry weight) from 817 crossbred chicken (817C), Arbor Acres 
broiler (AAB) and Hyline brown (HLB) 

Amino acids 
Breast meat Thigh meat 

817C AAB HLB 817C AAB HLB 

Essential         
Arginine (Arg) 4.692±0.133Aa 4.547±0.124Aa 4.668±0.082Aa  4.377±0.208Bab 4.507±0.122Aa 4.207±0.089Bb

Histidine (His) 2.728±0.112Ab 2.474±0.062Ac 3.390±0.051Aa  1.967±0.072Bb 1.999±0.040Bab 2.048±0.045Ba

Isoleusine (Ile) 3.463±0.063Aa 3.308±0.072Ab 3.396±0.068Aab  3.017±0.070Bb 3.167±0.087Ba 3.004±0.103Bb

Leucine (Leu) 6.128±0.143Aa 5.905±0.132Ab 6.107±0.109Aa  5.442±0.203Bb 5.709±0.115Ba 5.428±0.129Bb

Lysine (Lys) 6.470±0.140Aa 6.268±0.103Ab 6.405±0.117Aab  5.903±0.147Bb 6.123±0.139Aa 5.825±0.140Bb

Methionine (Met) 1.925±0.063Aa 1.880±0.040Aa 1.931±0.068Aa  1.560±0.031Bb 1.756±0.050Ba 1.534±0.056Bb

Phenylalanine (Phe) 3.048±0.074Aa 2.917±0.063Ab 2.976±0.072Aab  2.613±0.051Bb 2.844±0.091Aa 2.691±0.081Bb

Threonine (Thr) 4.172±0.088Aa 3.559±0.083Ab 3.318±0.076Ac  3.466±0.074Ba 3.562±0.100Aa 3.176±0.044Bb

Valine (Val) 3.637±0.079Aa 3.462±0.094Ab 3.568±0.053Aab  3.122±0.107Bab 3.256±0.085Ba 3.014±.102Bb 
Total essential  36.263±0.745Aa 34.318±0.494Ab 35.760±0.556Aa  31.466±0.462Bb 32.922±0.530Aa 30.927±0.655Bb

Non-essential        
Alanine (Ala) 4.659±0.103Ab 4.875±0.115Aa 4.881±0.074Aa  3.790±0.088Bc 4.273±0.092Ba 4.116±0.071Bb

Aspartic acid (Asp) 6.250±0.294Aa 5.737±0.352Bb 5.589±0.130Ab  5.957±0.213Ab 6.577±0.181Aa 5.418±0.136Ac

Cysteine (Cys) 0.543±0.011Ac 0.785±0.040Aa 0.620±0.046Ab  0.460±0.037Bb 0.612±0.044Ba 0.668±0.058Aa

Glutamic acid (Glu) 11.037±0.264Ab 11.827±0.633Aa 11.079±0.104Ab  9.730±0.330Bb 10.456±0.196Ba 10.210±0.212Aa

Glysine (Gly) 2.732±0.068Aa 2.590±0.057Bb 2.395±0.086Bc  2.492±0.051Bc 2.888±0.091Aa 2.773±0.065Ab

Proline (Pro) 4.712±0.150Aa 4.506±0.157Bb 4.468±0.128Ab  3.864±0.068Bc 5.042±0.154Aa 4.547±0.117Ab

Serine (Ser) 3.000±0.068Ac 3.924±0.112Aa 3.653±0.092Ab  2.497±0.045Bb 2.819±0.078Ba 2.807±0.089Aa

Tyrosine (Tyr) 2.531±0.065Aa 2.475±0.027Aa 2.487±0.067Aa  2.276±0.075Bb 2.399±0.098Aa 2.231±0.073Bb

Total non-essential 35.464±0.379Ab 36.718±0.659Aa 35.170±0.297Ab  31.066±0.476Bc 35.066±0.158Ba 32.769±0.222Bb

E/NE 1.023±0.022Aa 0.935±0.022Ab 1.017±0.015Aa  1.013±0.022Aa 0.939±0.014Ab 0.944±0.017Bb

E/NE, essential to non-essential amino acid ratio. 
Data are presented as mean±standard deviation (n = 3).  
Different small letter in the same row indicated significantly (p<0.05) different among AAB, 817C, and HLB for breast meat or thigh meat.  
Means with different capital letters in the same row indicated significantly (p<0.05) different between breast meat and thigh meat at a same breed. 

Figure 1. Principal component analysis (PCA) loading plot of moisture, ash, lipid (intramuscular fat), protein, L*, a*, b*, total collagen,
soluble collagen, collagen solubility, cooking loss, pressing loss and Warner-Bratzler shear force (WBSF) measurement of chicken meat.

 



Chen et al. (2016) Asian Australas. J. Anim. Sci. 29:855-864 

 

861

the leucine presented significantly higher (p<0.05) values in 
breast meat of 817C and HLB compared to AAB. In 
addition, the lysine content of 817C also showed 
significantly higher value than AAB in breast meat. The 
contents of lysine (values over 5.82 g/100 g dry weight) and 
leucine (values over 5.43 g/100 g dry weight) observed in 
current study were higher than those obtained by 
Wattanachant et al. (2004) from Thai indigenous and broiler 
chicken. Regarding total essential amino acids, significant 
differences were found among all three groups for both 
meat portions. 817C and HLB contained relatively higher 
total essential amino acids content than AAB in breast meat. 
On the other hand, glutamic acid were the most abundant 

amino acid found in the non-essential fraction, followed by 
aspartic acid, proline and alanine, while the lowest values 
were reported for cysteine. In comparison to other red meats 
such as eland and cattle (Bartoň et al., 2014) and in white 
meats such as rooster (Franco et al., 2012) or goose meat 
(Geldenhuys et al., 2015), glutamic and aspartic acid in the 
non-essential fraction and lysine and leucine in the essential 
fraction were also the major amino acids. Furthermore, for 
the E/NE, the mean values of the three chicken breeds in the 
present study were much higher than those obtained by 
Wattanachant et al. (2004) and Franco et al. (2012) reported. 
In addition, as shown in Table 4, the relatively higher E/NE 
values were recorded in 817C and HLB for breast meat and 

Table 5. Fatty acid composition (g/100 g of total fatty acids) of breast meat and thigh meat from 817 crossbred chicken (817C), Arbor 
Acres broiler (AAB) and Hyline brown (HLB) 

Fatty acid 
Breast meat Thigh meat 

817C AAB SH 817C AAB SH 

C14:0 0.485±0.032Ab 0.420±0.031Bc 0.690±0.039Ba  0.505±0.041Ac 0.554±0.023Ab 0.905±0.040Aa

C15:0 1.857±0.048Ac 2.525±0.147Aa 2.232±0.076Ab  0.881±0.047Ba 0.914±0.047Ba 0.751±0.049Bb

C16:0 24.12±0.990Ab 24.149±0.721Ab 26.08±0.717Aa  22.319±0.647Bb 25.176±0.829Aa 24.819±1.068Aa

C17:0 0.653±0.036Ab 0.830±0.022Aa 0.626±0.076Ab  0.408±0.013Ba 0.202±0.018Bc 0.354±0.014Bb

C18:0 9.451±0.268Ab 10.322±0.577Aa 9.028±0.655Ab  7.523±0.326Ba 7.547±0.385Ba 7.438±0.220Ba

C20:0 0.056±0.004Aa 0.059±0.003Aa 0.048±0.002Bb  0.055±0.001Aa 0.038±0.001Bc 0.053±0.001Ab

C21:0 1.209±0.061Ba 0.369±0.006Bb 0.411±0.034Bb  1.937±0.115Aa 0.572±0.045Ab 0.632±0.036Ab

C23:0 2.518±0.053Ac 4.405±0.138Ab 5.364±0.188Aa  2.476±0.212Aa 2.273±0.219Ba 2.091±0.088Bb

C14:1 0.092±0.017Ba 0.090±0.008Ba 0.018±0.002Bb  0.172±0.007Aa 0.166±0.011Aa 0.049±0.005Ab

C16:1 3.797±0.088Ba 3.801±0.206Ba 2.400±0.157Bb  5.086±0.079Ab 5.367±0.105Aa 3.356±0.046Ac

C18:1 33.804±1.642Aa 28.544±1.966Bb 30.439±1.533Bb  33.786±0.695Ab 35.228±0.656Aa 33.298±0.667Ab

C17:1 0.115±0.013Bb 0.096±0.009Bc 0.183±0.005Ba  0.206±0.009Ab 0.208±0.014Ab 0.301±0.016Aa

C20:1 0.323±0.016Ab 0.471±0.025Aa 0.162±0.010Ac  0.275±0.015Bb 0.367±0.021Ba 0.175±0.015Ac

C22:1 0.032±0.002Bc 0.128±0.007Aa 0.043±0.002Bb  0.053±0.004Ac 0.072±0.003Bb 0.070±0.007Aa

C24:1 0.652±0.018Ac 1.107±0.155Aa 0.909±0.036Ab  0.533±0.031Ba 0.544±0.031Ba 0.304±0.023Bb

C18:2n-6 19.859±0.743Bab 19.467±0.569Bb 20.914±1.133Ba  23.446±0.886Aa 19.656±0.939Bb 23.683±0.708Aa

C18:3n-3 0.106±0.009Bb 0.112±0.013Bb 0.168±0.011Ba  0.159±0.011Ac 0.177±0.009Ab 0.199±0.011Aa

C20:2n-6 0.376±0.028Ab 0.699±0.034Aa 0.113±0.012Ac  0.224±0.016Ba 0.213±0.012Ba 0.118±0.017Ab

C20:3n-6 0.735±0.024Ab 1.365±0.041Aa 0.345±0.032Ac  0.426±0.024Bb 0.512±0.013Ba 0.201±0.009Bc

C20:4n-6 0.053±0.002Ab 0.065±0.001Aa 0.048±0.002Ac  0.038±0.002Ba 0.023±0.003Bb 0.038±0.001Ba

C20:5n-3 0.214±0.012Aa 0.139±0.012Ab 0.045±0.004Ac  0.103±0.020Ba 0.040±0.002Bb 0.030±0.002Bb

C22:6n-3 0.223±0.019Ab 0.426±0.004Aa 0.421±0.014Aa  0.220±0.005Aa 0.113±0.019Bb 0.114±0.006Bb

∑SFA 40.345±0.975Ab 43.078±1.222Aa 44.471±0.950Aa  36.103±0.612Ba 37.276±0.787Ba 37.042±1.060Ba

∑MUFA 38.816±1.644Aa 34.237±2.075Bb 34.142±1.649Bb  40.110±0.670Ab 41.951±0.713Aa 38.677±0.617Ac

∑n-3 PUFA 0.543±0.029Ac 0.677±0.011Aa 0.597±0.026Ab  0.482±0.011Ba 0.330±0.014Bb 0.325±0.009Bb

∑n-6 PUFA 21.023±0.729Ba 21.596±0.545Aa 21.381±1.090Ba  24.134±0.882Aa 20.403±0.952Ab 24.010±0.727Aa

∑PUFA 21.566±0.714Ba 22.273±0.541Aa 21.979±1.069Ba  24.616±0.882Aa 20.733±0.960Bb 24.335±0.727Aa

∑DFA 69.833±2.152Ba 66.831±1.675Bb 65.149±2.137Bb  72.249±0.695Aa 70.231±1.247Ab 70.450±0.731Ab

∑EFA 21.018±0.741Bab 19.644±0.570Ab 21.091±1.120Ba  23.643±0.891Aa 19.856±0.946Ab 23.889±0.713Aa

PUFA/SFA 0.535±0.026Ba 0.517±0.022Aab 0.495±0.030Bb  0.682±0.033Aa 0.557±0.035Ab 0.657±0.029Aa

18:0+18:1/16:0 1.797±0.125Aa 1.611±0.093Bb 1.513±0.027Bb  1.852±0.062Aa 1.701±0.063Ab 1.685±0.092Ab

SFA, saturated fatty acids; MUFA, monounsaturated fatty acids; PUFA, polyunsaturated fatty acids; DFA, desirable fatty acids (sum of 
MUFA+PUFA+C18:0); EFA, essential fatty acids (including linoleic acid, linolenic acid, and arachidonic acid).  
Data are presented as mean ± standard deviation (n = 3).  
Different small letter in the same row indicated significantly (p<0.05) different among AAB, 817C, and HLB for breast meat or thigh meat.  
Means with different capital letters in the same row indicated significantly (p<0.05) different between breast meat and thigh meat at a same breed. 
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in 817C for thigh meat, whereas AAB recorded the lowest 
values for both meat portions. Therefore, the results 
indicated that types of chicken affected the amino acid 
composition considerably. Similar observation was also 
reported in previous studies. Zhao et al. (2011) 
demonstrated that the lysine content significantly differed 
between 120 d old native chicken and 42 d old commercial 
broiler. Moreover, Watanabe et al. (2014) also stated that 
the levels of amino acids in meat were influenced by the 
slaughter age. Therefore, the difference may be due to these 
chicken breeds were slaughtered at different market ages. 
Considering the human requirements (g/100 g per d) of 
amino acids listed in the World Health Organization’s report 
(WHO, 2007), 817C and HLB would be a valuable source 
of these essential amino acids. 
 
Fatty acid composition 

The fatty acid profiles of breast meat and thigh meat 
from the three types of chicken are summarized in Table 5. 
The major fatty acids observed in the chicken meat from 
817C, AAB, and HLB were oleic (C18:1), palmitic (C16:0) 
and linoleic acids (C18:2), as expected. They accounted for 
approximately 80% of total fatty acids, in line with the 
results reported by previous studies (Franco et al., 2012; 
Jayasena et al., 2013). In general, the chicken breeds had a 
remarkable effect (p<0.05) on all individual fatty acids in 
both meat portions except for stearic acid (C18:0) in thigh 
meats. 

In regard to the total saturated fatty acids (SFA) of 
breast meat, 817C showed significantly lower values 
(40.345%) in comparison to AAB and HLB, while there 
were no significant differences (p>0.05) in the thigh meat 
between the three breeds. Amongst the fatty acids profile of 
meats, the high levels of unsaturated fatty acids (FAs) are 

usually associated to poultry, and unsaturated FAs are 
considered to be beneficial to human health (Matitaputty et 
al., 2015). Within the monounsaturated fatty acids (MUFA) 
group, the 817C had greater level of oleic acid (C18:1) than 
the other two breeds in breast, whereas in thigh meat it was 
noted that AAB showed higher levels of oleic acid. Within 
the n-6 PUFA group, a tendency of linoleic acid (C18:2n-6) 
to be higher in both breast and thigh meat of HLB was 
noted, in accordance with the results of Contreras-Castillo 
et al. (2008). Another observation, that the n-3 FAs, 
especially eicosapentaenoic acid and docosahexaenoic acid 
(DHA), as a typical FA in marine fish (Chauton et al., 2015), 
were also detected in chickens in spite of the very minor 
amount.  

To assess the nutritional value and consumer health of 
IMF, the total desirable fatty acids (DFA), total essential 
fatty acids (EFA), PUFA/SFA, as well as 18:0+18:1/16:0 
were determined. Previous studies reported that EFA and 
DFA have an important role regarding to biological activity. 
In the present study, the proportion of DFA 
(18:0+MUFA+PUFA) in the IMF of breast and thigh of the 
three breeds ranged from 65.15% to 69.83%, 70.23% to 
72.25%, respectively, within the range demonstrated by 
Rikimaru and Takahashi (2010). Additionally, meat from 
817C chickens had higher amounts (p<0.05) of DFA than 
the muscles from the other chicken groups. EFA are very 
important for humans because they cannot be synthesized in 
the body and must be obtained through the dietary 
supplement (Jayasena et al., 2013), thus the higher EFA 
contents of 817C and HLB (Table 5) can be an attractive 
nutritional quality trait for health-conscious consumers. The 
ratios of PUFA/SFA are known to be important factors 
influencing cardiovascular disease (Yousefi et al., 2012). In 
the present study, 817 had more favorable PUFA/SFA ratios 

Table 6. Mineral composition (mg/100 g dry weight) of breast meat and thigh meat from 817 crossbred chicken (817C), Arbor Acres 
broiler (AAB) and Hyline brown (HLB) 

Mineral Breast meat Thigh meat 

 817C AAB HLB 817C AAB HLB 

Macroelements       

Calcium 20.23±1.08Ba 17.82±0.61Bb 18.22±0.21Bb 31.53±2.89Aa 26.07±2.53Ab 27.82±1.48Ab

Potassium 1,233.17±11.34Ab 1,477.78±12.08Aa 1,150.29±10.16Ac 1,066.09±10.26Bb 1,314.59±9.79Ba 953.14±8.62Bc

Phosphorus 926.49±9.20Aa 935.21±7.44Aa 857.66±7.03Ab 774.25±7.25Bb 845.40±6.98Ba 661.99±7.02Bc

Magnesium 121.68±5.53Aa 111.08±1.39Ab 105.08±6.69Ab 105.20±4.12Ba 94.26±5.69Bb 78.02±5.09Bc

Sodium 146.77±3.61Ba 127.34±2.83Bb 129.87±1.47Bb 175.52±5.30Aa 156.16±3.74Ab 158.07±1.67Ab

Microelements       

Selenium 0.11±0.00Ba 0.06±0.01Bb 0.07±0.00Bb 0.16±0.00Aa 0.12±0.01Ab 0.16±0.01Aa

Zinc 2.26±0.12Ba 2.23±0.09Ba 1.79±0.05Bb 7.97±0.29Aa 7.59±0.24Ab 5.58±0.15Ac

Iron 3.04±0.20Ba 2.61±0.10Bb 2.26±0.12Bc 4.31±0.28Aa 3.94±0.14Ab 3.66±0.32Ab

Manganese 0.36±0.02Aa  0.27±0.02Bb 0.35±0.01Aa 0.37±0.00Aa 0.32±0.01Ab 0.36±0.01Aa

Aluminium 1.06±0.12Ba 0.92±0.08Bb 0.75±0.04Bc 1.24±0.19Aa 1.11±0.05Ab 1.00±0.02Ab

Data are presented as mean±standard deviation (n = 3).  
Different small letter in the same row indicated significantly (p<0.05) different among AAB, 817C and HLB for breast meat or thigh meat.  
Means with different capital letters in the same row indicated significantly (p<0.05) different between breast meat and thigh meat at a same breed. 
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than AAB in breast meat, but no difference found in thigh 
meat for these two chicken breeds. On the other hand, 
Banskalieva et al. (2000) suggested that the 18:0+18:1/16:0 
could be useful in describing the potential health effects of 
different types of lipids. In the current study 817C also had 
more desirable 18:0+18:1/16:0 ratios in both meat portions. 
Overall, these results indicate that 817C chickens have 
more DFA composition to human compared to those from 
the old HLB and AAB.  

 
Mineral composition 

The mineral composition of breast meat and thigh meat 
from 817C, AAB, and HLB are indicated in Table 6. In the 
present study, potassium occurred in the highest 
concentration, followed by phosphorous. This finding is 
similar to the results of Majewska et al. (2009) who also 
reported that potassium and phosphorous were the 
predominant minerals in chicken and ostrich meat. The 
potassium content was significantly higher (p<0.05) in 
AAB chicken than the other breeds studied in both portions. 
It has always been noted that vegetables, fruits and milk are 
the main sources of potassium in the diet. However, the 
present results indicated that 100 g of AAB chicken breast 
meat, would provide nearly 24% of the required potassium 
in the diet (minimum requirement is 1,500 mg/d). 

The microelements detected in this study were selenium, 
zinc, iron, manganese and aluminium. Similar to amino acid 
and fatty acid compositions, minor minerals was also found 
to vary with the different types of chicken investigated, and 
817C exhibited the highest amounts of minor minerals in 
both breast and thigh meat portions. Meat is a major source 
of iron and zinc, it is well known that the levels of total iron 
and zinc in the meat is of great importance, because of 
regular dietary intake of these minor minerals has been 
suggested to reduce the incidence of many diseases and 
exert a beneficial effect on human health (Lombardi-Boccia 
et al., 2005). Furthermore, the levels of iron in 817C 
chicken meat were higher than that found in chicken and 
turkey reported by Lombardi-Boccia et al. (2005). 
Therefore, 817C showed the highest levels of minor 
minerals, and thus it can be considered as the best 
nutritional contribution to microelements requirements of 
human dietary.  

 
CONCLUSION 

 
The results from this study demonstrated that the 

physicochemical characteristics differed among breeds. At 
the typical market age, the 45-d-old 817C was preferable to 
the 40-d-old AAB broiler and 560-d-old HLB layer due to 
its lower fat, higher protein and the better color and texture 
properties (lower values of cooking loss, pressing loss and 
WBSF), which would meet the preference of those 

consumers looking for chicken meat in this niche market. 
Furthermore, there was a clear relationship among 
proximate composition, collagen characteristics, color and 
texture attributes of chicken meat by Pearson’s correlation 
analysis and PCA. In light of a health point of view, the 
crossbred chickens (i.e. 817C) seem superior than the other 
two breeds for the higher E/NE ratios, microelements 
content as well as the more desirable fatty acid profile (both 
meat portions). In conclusion, meat of crossbred chickens 
was judged to have better physicochemical characteristics 
and nutritional properties than imported broilers and spent 
hens. Therefore, the results from this study will provide 
valuable information for the meat product processing, and 
as well as can help consumers who prefer premium chicken 
meat. 
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