
 

 

 

INTRODUCTION 

 

Meat is a concentrated nutrient source and varies widely by 

category (Cosgrove et al., 2005). Variation in meat quality is 

vast, and several factors affect meat quality, including genetic 

factors like proper selection of breeds or genetic line ( Dal 

Bosco et al., 2012; Zhao et al., 2012) and birds sex (López et 

al., 2011). In addition, slaughtering age, nutrition and 

production system also influence on meat quality (Sogunle et 

al., 2010). Native breeds have better meat quality, native 

breeds chicken meat have been liked and demanded in other 

countries, that conferred that native breed chickens offer 

good-quality meat. (Fanatico et al., 2005a; Fanatico et al., 

2005b; Walley et al., 2015). 

Glycogen is a polymer of glucose that is multibranched and 

that polymers have ability to store glucose when its sufficient 

amount in body with a minor effect on osmotic pressure, and 

utilized when required (Roach et al., 2012). The quantity of 

glycogen in the muscle tissue depends on the animal species 

and muscle type (Monin et al., 2003; Przybylski et al., 1994). 

Classically, a decrease in pH is considered to happen because 

of postmortem glycolysis, with glycogen converting into 

lactic acid (Scheffler et al., 2011). Previous reports have 

shown that the level of muscle glycogen in chicken is one of 

the leading factors affecting not only alteration in the eventual 

pH of meat (pHu) at death but also its water-holding capacity, 

as well as other physical properties, including color and 

firmness (Berri et al., 2008). Muscle glycogen and free 

glucose also play a critical role as a raw material of glycolysis. 

Evidence has been found that in mammals and recently in 

chicken muscle glycogen is controlled genetically; 

consequently, meat quality is also genetically controlled 

(Berri, Besnard and Relandeau, 2008). In mammals, 

especially in pigs, mice, and humans, a major PRKAG3 gene 

is in charge of changes in muscle glycogen content (Ciobanu 

et al., 2001). For chicken, no evidence shows that a key gene 

is included in the working of muscle glycogen content. Until 

now, a small number of studies have surveyed muscle-
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In this study, meat quality and muscle glycogen were compared in two indigenous chicken breeds with one commercial Avian 

broiler breed (Wuding, Daweishan mini, Avian broilers, n = 150) at 3rd, 4th, and 5th month of age in thigh and breast muscles. 

In a comparison of breeds, Daweishan mini chickens had lower breast and thigh muscle shear force and higher muscle glycogen 

and higher breast muscle 45 min pH and 24 h pH while lowered thigh muscle cooking loss at 5th month, whereas higher thigh 

muscle water loss at 4th month and lower moisture contents at 3rd month (P>0.05). Wuding chickens had higher water loss in 

breast muscle and crude fat contents at all ages whereas, higher thigh muscle water loss at 4th month. Avian broilers had higher 

thigh muscle shear force and lower 45 min and 24 h pH at 5th month and higher fiber diameter and lower fiber density (P>0.05). 

Higher thigh muscle water loss and breast muscle 45 min pH at 3rd month (P<0.05) with higher breast muscle color a* value 

at 4th month. Daweishan mini chicken’s breast muscle gene expression of PRKAA2 and PRKAB2 were higher (P<0.05). 

Whereas, Wuding chicken’s breast muscle of PRKAG3 and PFKM gene expressions at 3rd and 5th month, GS at 3rd month were 

significantly higher (P<0.05). In thigh muscle PRKAA2 and PRKAG3 at 5th month, GS gene at 4th and 5th months were higher 

than Daweishan mini chickens and Avian broilers (P<0.05). However, Wuding and Daweishan mini chickens showed higher 

gene expressions than Avian broilers, but only PRKAG3 gene at 4th month were significantly higher in Avian broilers (P<0.05). 

These results can allocate fruitful, necessary information for knowing the biological function that is in charge for breed 

differences in meat quality.  
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glycogen-related-gene expression in chicken. Additionally, 

our study is the first to look into the relationship of meat 

quality variation and muscle-glycogen-related genes in 

different breeds at different ages. Therefore, the three chicken 

breeds are the Wuding chicken, whose habitat is the basin area 

of a subtropical environment (Sheng et al., 2013); the 

Daweishan Mini chicken which is distributed in the tropical 

and subtropical geographical zone in Pingbian County of 

Yunnan Province (Jaturasitha et al., 2008); and the avian 

broiler, the popular fast-growing broiler breed. These are the 

three different breeds living in various altitudes. Various 

reports have indicated that meat quality traits are affected by 

breed (Guan et al., 2013), so these are perfect experimental 

materials to study different meat qualities and the mechanism 

of muscle glycogen; therefore,expressions of some glycogen-

related genes that have correlation effect on meat qualty were 

also analyzed. We intended to evaluate the impact of different 

muscle glycogen contents on meat quality and genes 

associated with this mechanism.  

We provide a basis for an improved understanding of which 

mechanisms that may be responsible for glycogen storage in 

muscle and provide a favorable way to improve meat quality 

in chickens. 

 

MATERIALS AND METHODS 

 

Feeding and management: Two native breeds’ Wuding and 

Daweishan Mini chicken and one commercial broiler have 

been studied. In total 450 1-day-old hatched chicks were 

selected from each breed and were divided into nine groups 

(50 chicks/pen, three pens for each breed) and birds were 

allocated to a continuous lighting program (1 h darkness per 

24 h) up to 6 weeks of age. All genotype birds were offered 

full access to feed and water. All birds were fed by a diet 

formulation based on recommendations by the NRC. (NRC., 

1994). The diet content was provided in Table 1. 

All procedures including chickens received earlier sanction 

by Institutional Animal Care and Use Committee of 

YUNNAN AGRICULTURAL UNIVERSTY.  

Slaughtering, Sample Collection, and Preservation: To 

measure the meat quality parameters, at age of month 3, 4 and 

5, 45 chickens from each breed (equivalent to 15 or 16 birds 

per pen) were fasted for 12 h, weighed, sacrificed by cervical 

dislocation. Birds Samples were collected (~5.0 g each) from 

each bird left side breast (pectoralis major), and leg (biceps 

femoris) muscles were frozen in liquid nitrogen and then 

stored at - 80°C until analysis, breast and leg muscles were 

taken from right side for meat quality analysis, pH, drip loss, 

shear force, fiber diameter, fiber density and color and 

individually examined them and completing the task in one 

day, the rest of the pectoralis major muscles were ground, and 

stored in a −80°C freezer until use for protein, total lipid, and 

were analyzed in one week. 

Two pH measurements were recorded; 45min pH and 24 h pH 

was measured in triple by a Water Proof Digital pH Meter CT-

6021A LCD (Hunt Gold from China).  

The instrumental colour of meat were determined on the 

dorsal surface of every breast and thigh fillet (bone side) in 

part free of visible color defects (bruises, discolorations, 

hemorrhages), Association of Official Analytical Chemists 

(Horwutz, 2000). Colour profile was done by a TC-PIIG 

colorimeter (Beijing Optical Instrument Factory, China). 

 

Table 1. Compositions and nutrient levels in the diets 

Diet composition (%)  Chick diet Adult chicken 

diet 

Corn  64.66  67.90 

Soy protein  30.20  18.12 

Wheat bran  0.00  10.00 

Soya oil  1.10  0.00 

Calcium hydrogen phosphate  1.50  1.50 

Stone meal  0.70  0.60 

Flour  0.41  0.46 

Met  0.08  0.07 

Salt  0.35  0.35 

Compound premix1  1.00  1.00 

Total  100.00 100.00 

Nutrient levels 
  

Metabolism energy (kcal/kg)  2900.00 2780.00 

Crude protein (%)  19.30  15.50 

Calcium (%)  0.85  0.80 

Total phosphorus (%)  0.61  0.64 

Available phosphorus (%)  0.37  0.37 

Salt (%)  0.37  0.37 

Lys (%)  0.98  0.75 

Met (%)  0.39  0.32 

Methionine + Cystinol (%)  0.73  0.60 
1Supplied per kilogram of diet: vitamin A, 15,000 IU; vitamin D3, 

3300 IU; vitamin E, 62.5 mg; vitamin K, 3.6 mg; 

vitamin B1, 3 mg; vitamin B2, 9 mg; vitamin B6, 6 mg; vitamin 

B12, 0.03 mg; niacin, 60 mg; calcium pantothenate, 18 mg; folic 

acid, 1.5 mg; biotin, 0.36 mg; choline chloride, 600 mg; Fe, 80 mg; 

Cu, 12 mg; Zn, 75 mg; Mn, 60 mg; I, 0.35 mg; Se, 0.15 mg; growth 

promoting agent, 30 mg; and antioxidant, 100 mg 

 

Measurements of drip loss were made 48 h after the muscle 

was cut from the carcass by weighing the amount of water and 

exudates collected in the bottom of the bag (bag weight + drip 

loss − initial bag weight). 

Cooking loss measurements were performed by weight the 

muscle sample and placed in sterile plastic bags, cooked by 

immersion and water bath set at 80°C for 10 mint, use 

thermometers for internal cook of each meat sample, left out 

to cool for 12 hours at 4°C. Cooking loss was calculated by 

weight loss percentage during cooking (Symeon et al., 2010). 

The fiber diameter and density values of the chicken meat 

were measured according to Guan et al. (2013) Pieces (0.2 

cm×0.2 cm×0.5 cm) were excised from the central part of the 
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leg and breast muscles. They were soaked in 20% nitric acid 

solution for 24 hours, then 1 mm×1 mm× 1 mm slices were 

cut, and place two drops of glycerin and then these slices were 

placed on a glass slide, after that the fibers were separated and 

distributed uniformly by hand using a dissecting needle. 

Fibers were covered with cover glasses, and fiber diameters 

were examined by using an electron microscope, for each 

sample about hundred-fiber diameters were measured by 

imaging program and Image-Pro-Plus software (Eastman 

Kodak Company, New Haven, CT, USA) and the (mean) 

values used to represent fiber diameter. 

A Meullenet-Owens razor shear (MORS) method was used to 

evaluate the shear force of the cooked breast and thigh fillets. 

(Cavitt et al., 2004; Fanatico et al., 2007).  

Proximate Composition: Breast and thigh meats were 

evaluated from each bird for a proximate composition 

according to the methodology described by Owens et al. 

(2000). Briefly, for moisture content 2g samples were 

measured drying in an oven at 102°C upto15 h. Crude protein 

and crude fat contents were analysed by using Soxhlet 

extraction technique (Shanghai Yhchem Technology Co., 

Ltd.) and the Kjeldahl method (Kjeldahl Analyzer RAY-

K9840) respectively. 

Muscle glycogen was performed by using Nanjing Jiancheng 

Institute of Biotechnology production of muscle glycogen 

assay kit, measured by the instructions. 

Gene Expression: To determine the gene expression in 

muscles as described previously by Li et al. (2003), real-time 

PCR (qpcr) was done. The primers were synthesized by 

Shanghai Biological Engineering Co. Ltd.; China has shown 

in Table 2. The polymerized product was specified through 

electrophoresis by running an agarose gel (0.8%) and DNA 

sequencing. Expression of all genes were determined using 

18S, Gene expression data for muscle were acuired from 

every single chicken of all breed and ages, and all analyses 

were conducted three times. To compare the effects of 

different treatments on candidate genes, t-tests were 

performed on cycle threshold (Ct) values of targeted gene 

expression and normalized with 18S threshold values 

homogenization of breast and leg muscle Tissues were 

performed by using Trizol-Reagent from Invitrogen 

Corporation, Carlsbad, CA, USA, and isolation of total RNA 

was performed by following manufacturer kit protocol. Kits 

provided by Trans Gen Biotech, Beijing, were used to 

reverse-transcribe mRNA into cDNA; a 10-µL reaction 

system was used, and the manufacturer instructions were 

followed. The real-time RT-PCR analysis was done for 

candidate and reference gene expression and 18S iCycler 

Real-Time Detection System (Bio-Rad Laboratories Inc., 

USA) was used and SYBR Green master mix from china 

dalian [iQTM SYBR-Green® Supermix, TaKaRa 

Biotechnology]. The 25 µL volume was used for Quantitative 

PCR following the manufacturer instructions. 

Statistical analysis: All initial data were analyzed using 

Microsoft Excel (Office 2013) and subjected to one-way 

ANOVA using Statistical analysis 18.0 software (IBM 

Corporation, Somers, NY, USA), t-test or variance analysis 

for comparisons using the Bio-Rad CFX Manager 3.1 

software. The PCR primers were designed using Primer 5.0 

software and synthesized by Shanghai Chemical Company 

(China). Means were considered statistical significantly 

difference at (P<0.05) and (P<0.01).  

 

Table 2. Name of primers, primer sequencing, length and 

annealing temperature 
Primer 
Name 

Primer sequence Annealing 
temp. (℃) 

Length(bp) 

18s F:CGCGTGCATTTATCAGACCA 

R:ACCCGTGGTCACCATGGTA 

58 148bp 

PRKA
G3 

F:GTTGTTAATGCTGCCGGTCA 
R:TGGAGGATGTCAGAGAGGGA 

58 272bp 

PRKAB

2 

F:CAGTGTTTTCAGCTCCCAC 

R: GAGGTCCAGGATAGCGACAA 

58 227bp 

PRKA

A2 

F:TCGCCTACCACCTTGTCATT 

R:ACACCTCGGCCATAATGTCA 

58 291bp 

GS F:GGACTTCGACCTGGACAAGA 

R:CCAAACTTCTCCTTCACCGC 

58 255bp 

PFKM F:TCTCAACACCATCACCACGA 
R:GCTTCACCGTCGTCTTCATC 

58 233bp 

2The primers were synthesized by Shanghai Biological Engineering Co. 

Ltd., China. The specificity of the amplified product was verified by 

electrophoresis on 0.8% agarose gel and by DNA sequencing. Expression 
of all test genes was determined relative to that of 18S, which was used as 

a control gene. Gene expression data for muscle were obtained from 20 

chickens of each breed and each age, and all assays were performed in 
triplicate. To compare the effects of different treatments on tissues, we 

performed t-tests on cycle threshold (Ct) values of targeted gene expression 

normalized to 18S threshold values. 

 

RESULTS 

 

In the present experiment, meat quality was significantly 

effected by different breeds and difference in slaughtering 

age. Both breed and age were influenced on drip loss, shear 

force of breast muscle, color a* value, crude protein, fat 

contents of the thigh muscle, muscle glycogen, muscle fiber 

diameter and density of breast and thigh muscles. 

pH (45 min) has a significant effect on the breed and age. pH 

(45 min) significantly higher (P<0.05) in broiler breast 

muscle at 3rd month (Fig. 3a) and lower in thigh muscle at 5 

month (Fig. 6a ), breed and age had not a large influence on 

24 h pH, thigh muscle 24 h pH was not affected by breed and 

age (Fig. 6b). Breast 24 h pH was higher in the Daweishan 

mini chickens at 5 month (Fig. 3b). Age had only influence on 

pH 45min values in thigh muscle, it reduced to the age of 

broiler but enhanced in Wuding chickens (Fig. 6a). Breed and 

age had significantly affects on color a* and b* values. In 

relation to color variables, breed and age had no effects on 

lightness (L*) values of meat (Fig. 2c, 5a). The meat color b* 

value was significantly higher in Daweishan Mini chicken’s 

breast and thigh muscles at 5 month (P<0.05; Fig. 2a, 5b) and 
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color a* value in thigh muscle, on the other hand Wuding 

chickens at the 3rd and 4th month of age, while breast muscle 

color a* value was higher in broiler at 4 month (P<0.05; Fig. 

5a.2b). Wuding and Daweishan mini chickens were 

significantly lower shear force in thigh muscle at 5 month 

(P<0.01; Fig.4b), and lowered in Daweishan mini chickens 

breast muscle at all ages (P<0.05; Fig.1b). Age also has a 

significant influence on shear force of breast and thigh 

muscle, increased with age in all breeds.  

 

(a) 

 
(b) 

 
(c) 

 
Figure 1. Comparative analysis of breast muscle shear 

force, water loss rate and cooking loss of Mini 

chicken, Wuding chicken and Broiler at the age 

of 3, 4, and 5 months. (a) Comparison of chicken 

breast muscle water loss rate, (b) Comparison of 

chicken breast muscle shear force, and (c) 

comparison of chicken breast muscle cooking 

loss. The difference marked with "*" indicates that 

the difference between breeds where "**" showed 

differences at (P<0.01), while month differences 

indicated by lowercase (P<0.05). 

(a) 

 
(b) 

 
(c) 

 
Figure 2. Comparative analysis of breast muscle meat 

color’s (a) b* value, (b) a* value, and (c) L* value 

in Mini chicken, Wuding chicken and Broiler at 

the ages of 3, 4, and 5 months. The difference 

marked with "*" indicates that the difference 

between breeds where "**" showed differences at 

(P<0.01), while month differences indicated by 

lowercase (P<0.05). 
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Age also has a significant effect on cooking loss, it increases 

with the age in all breeds, while breed had only effect on thigh 

muscle. Cooking loss in thigh muscle was also lower in the 

Daweishan mini chickens at 5th month (Fig. 4c), but the breast 

muscle was not affected by breed although age has significant 

influence (Fig. 1c), water loss rate also affected by age of 

birds, it decreases with age in all breeds lower at 4th and 5th 

month than the 3rd month. Only the Wuding chickens thigh 

muscle had higher water loss at 4th month than 3rd month, 

breed also have a sigificant influences. Water loss rate was 

higher (P<0.05) in the Wuding breast muscle at all ages and 

leg muscles at 4 month, while it also higher in broiler thigh 

muscle at 3rd month (Fig. 1a & 4a). In addition, the Wuding 

and Daweishan mini chickens had significantly lower fiber 

diameter (P>0.01) and increasing with age (Fig. 9a,b) and 

higher fiber density which decreases with age (Fig. 16a,b) in 

breast and thigh muscle than the broiler. 

 

(a) 

 
(b) 

 
Figure 3. Comparative analysis breast muscle pH after: 

(a) 45minutes, (b) 24 hours in Mini, Wuding and 

Broiler chicken at the age of 3-, 4-, and 5-months. 

The difference marked with "*" indicates that the 

difference between breeds where "**" showed 

differences at (P<0.01), while month differences 

indicated by lowercase (P<0.05). 

 

Proximate composition was also affected by breed and age. 

Moisture content was only affected by breed and significantly 

reduced in breast and thigh muscles in the Daweishan mini 

chickens at 3rd month of age (P<0.05) (Fig. 7b & 8b).  

 

(a) 

 
(b) 

 
(c) 

 

 
Figure 4. Comparative analysis of thigh muscle shear 

force, water loss rate and cooking loss of Mini 

chicken, Wuding chicken and Broiler chicken at 

the age of 3, 4, and 5 months. (a) Comparison of 

chicken thigh muscle water loss rate, (b) 

Comparison of chicken thigh muscle shear force, 

a 

a 
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and (c) comparison of chicken thigh muscle 

cooking loss. The difference marked with "*" 

indicates that the difference between breeds where 

"**" showed differences at (P<0.01), while month 

differences indicated by lowercase (P<0.05). 

(a) 

   
(b) 

 
(c) 

  
Figure 5. Comparative analysis of thigh meat color’s, (a) 

L* value, (b) b* value, and (c) a* value in Mini, 

Wuding and Broiler chickens at the age of 3-, 4-, 

and 5-months. The difference marked with "*" 

indicates that the difference between breeds where 

"**" showed differences at (P<0.01), while month 

differences indicated by lowercase (P<0.05). 

 

(a) 

 
(b) 

  
Figure 6. Comparative analysis of thigh muscle pH at time 

interval of (a) 45min and (b) 24 hours in Mini 

chicken, Wuding chicken and Broiler at the age 

of 3, 4, and 5 months. The difference marked with 

"*" indicates that the difference between breeds 

where "**" showed differences at (P<0.01), while 

month differences indicated by lowercase (P<0.05). 

 

Age had no significant influences on the moisture contents of 

breast muscle, but the moisture contents of thigh muscle were 

affected in the broiler and Wuding chickens the lower thigh 

muscle’s moisture at 4th month than 3 and 5 month. Breast 

crude fat was not affected by breed and age (Fig. 7a), while 

the thigh fat was increasing with the age in the Wuding and 

broiler chickens. Whereas, broilers had significantly lower 

crude fat content at 3 month and the Wuding have higher fat 

a 
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contents at 4 and 5 month in thigh muscle (P<0.05) (Fig. 8a). 

Crude protein was not affected by breed and age in breast and 

thigh muscle (Fig. 8c,7c). There is a significantly higher 

breast muscle glycogen (P<0.05) at 3 month in the Daweishan 

mini chickens while at age of 3rd and 5th month in the Wuding 

and the Daweishan mini chickens than broilers (Fig. 10a,b).  

(a) 

   
(b) 

   
(c) 

  
Figure 7. Comparative analysis of breast muscle’s: (a) 

crude fat content (%), (b) muscle moisture 

content, and (c) crude protein in Mini-, Wuding- 

and Broiler-chickens at of 3-, 4-, and 5-months of 

age. The difference marked with "*" indicates that the 

difference between breeds and lowercase letters indicate 

difference between months significant differences 

(P<0.05), where "**" indicate significant differences 

(P<0.01).  

 (a) 

 
(b) 

  
(c) 

 
Figure 8. Comparative analysis of chicken thigh’s (a) 

crude fat content (%), (b) moisture content and 
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(c) crude protein in Mini-, Wuding- and Broiler-

chicken at 3-, 4- and 5-months of age. The 

difference marked with "*" indicates that the difference 

between breeds and lowercase letters indicate difference 

between months significant differences (P<0.05), where 

"**" indicate significant differences (P<0.01). 

     

     
Figure 9. Comparative analysis of: (a) Breast muscle fiber 

diameter, (b) thigh muscle fiber diameter in the 

three different breeds of chickens at the age of 3-

, 4-, and 5-months. The difference marked with "*" 

indicates that the difference between breeds and lowercase 

letters indicate difference between months significant 

differences (P<0.05), where "**" indicate significant 

differences (P<0.01). 

 

Age had a significant effect on meat quality, irrespective of 

breeds shear force, cooking loss, muscle glycogen, muscle 

fiber diameter was increased with the age, higher at 4th and 5th 

month than the 3rd month while water loss and muscle fiber 

density was decreased with the age.  

However, meat color L* value, thigh muscle 24 h pH (Fig. 

6b), thigh meat color b* value (Fig. 5b), breast fat content 

(Fig. 7a) and crude protein content (Fig 7c & 8c) similar for 

the breeds and slaughter age groups, had no significantly 

differences for age and breed  in both thigh and breast 

muscles.  

Higher expressions of PRKAG3 mRNA expression levels 

were found in Wuding chickens at 3rd month in breast muscle 

and 5 month in breast and thigh muscles, (P<0.05). Higher 

expression of PRKAG3 gene were found in Daweishan mini 

chickens  than broiler breast and thigh muscle at 3rd and 4th 

month respectively, the expressions were higher in broilers 

(P<0.05) only in thigh muscle at 4th month than the Wuding 

and the Daweishan mini chickens while thigh muscle of all 

breeds had significant differences with the age, but the breast 

muscle had only significant difference in the Wuding and the 

Daweishan mini chickens (Fig. 11a,b).  

 

  

   
Figure 10. Comparative analysis of: (a) breast muscle 

glycogen content (b) thigh muscle glycogen 

content in three different breeds of the chickens 

at the age of 3-, 4- and 5-months. Figure 10.b shows 

that the 3- and 5-month-old broiler thigh muscle glycogen 

content was significantly lower than Miniature and 

Wuding chicken (P<0.01) and at 4-months of age the 

difference was not significantly different. The difference 

marked with "*" indicates that the difference between 

breeds and lowercase letters indicate difference between 

months significant differences (P<0.05), where "**" 

indicate significant differences (P<0.01). 

       
Figure 11.a Changes of chicken breast muscle PRKAG3 

gene mRNA expression. Comparative at the same 

months figure, among chickens the difference marked with 

"*" indicates that the difference between breeds and 

lowercase letters indicate difference between months 

significant differences (P<0.05), where "**" indicate 

significant differences (P<0.01).  figure 11.a, three months 

old chicken breeds PRKAG3 gene expression levels of 

Miniature chicken and Wuding chickens significantly 
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higher than broiler (P<0.05), 5-month-old Wuding chicken 

gene expression was significantly higher than the 

Miniature chicken and broilers (P<0.05). Three-month-

old, Miniature chicken and Wuding chicken was 

significantly higher than four or five months (P<0.05). 

Broiler was not significant difference. 

 
Figure 11.b Changes of Chicken thigh muscle PRKAG3 

gene mRNA expression. Comparative at the same 

months figure among chickens, the difference marked with 

"*" indicates that the difference between breeds and 

lowercase letters indicate difference between months 

significant differences (P<0.05), where "**" indicate 

significant differences (P<0.01). Three different chicken 

breeds thigh muscle PRKAG3 expression in different 

segments are shown in Figure 11.b, 4-month-old Miniature 

chicken and broiler thigh muscle mRNA expression was 

significantly higher than Wuding chicken (P<0.05), 5-

month-old Wuding chicken the expression was 

significantly higher than Miniature chicken and broilers 

(P<0.05). With the growth of age, broiler chickens and 

Miniature 3 months and 4 months were significantly 

higher than 5 months (P<0.05), in contrast, Wuding 

chicken 5 months was significantly higher than in 3 and 4 

months (P<0.05). 

 

     
Figure 12.a Chicken breast muscle PRKAB2 gene mRNA 

expression changes. Comparative at the same months 

figure among chickens, the difference marked with "*" 

indicates that the difference between breeds and lowercase 

letters indicate difference between months significant 

differences (P<0.05), where "**" indicate significant 

differences (P<0.01). Three different chicken breeds 

breast muscle PRKAB2 expression in different segments 

of age are shown in Figure 12.a, 3-month-old Miniature 

chicken and Wuding chicken and its PRKAB2 mRNA 

gene expression was significantly higher than the broilers 

(P<0.05). With months of growth, all chicken gene 

expressions were decreased, but the Miniature chicken 

was significantly lower than the other chickens (P<0.05). 

Other differences were not significant. 

 
Figure 12.b Chicken thigh muscle PRKAB2 gene mRNA 

expression changes. Comparative at the same months 

figure among chickens, the difference marked with "*" 

indicates that the difference between breeds and lowercase 

letters indicate difference between months significant 

differences (P<0.05), where "**" indicate significant 

differences (P<0.01). Figure 12.b Three different chicken 

breeds thigh muscle PRKAB2 expression changes as 

shown in figure, 3 months old broiler, Mini and Wuding 

chicken PRKAB2 mRNA gene expression, but the 

difference was not significant. 4- and 5-months old 

Miniature and Wuding chicken’s mRNA expression were 

higher than broilers, the difference was not significant. 

With the growth of age these three breeds were gradually 

reduced, but the Miniature and Wuding chicken’s not 

significant, however 3-month-old broilers were 

significantly lower than four or five months of age 

(P<0.05). 

    
Figure 13.a Chicken breast muscle PRKAA2 gene mRNA 

expression changes. Comparative at the same months 

figure among chickens, the difference marked with "*" 

indicates that the difference between breeds and lowercase 

letters indicate difference between months significant 

differences (P<0.05), where "**" indicate significant 

differences (P<0.01). Three different chicken breeds 

PRKAA2 breast muscle gene expression of different 

months of age are shown in Figure 13.a, 3 months old 

Miniature and Wuding chicken’s PRKAA2 mRNA gene 

expression was significantly higher than that of broilers 

(P<0.05), 4 and 5 months old Wuding chicken’s gene 

expression was significantly higher than the Miniature 
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chicken and broiler (P<0.05). With months of growth, 

Miniature chicken gene expression decreased, three 

months were significantly higher than four or five months 

(P<0.05). Wuding chicken first increased and then 

decreased, broiler chicken gradually increased, but the 

difference was not significant. 

 
Figure 13.b Chicken thigh muscle PRKAA2 gene mRNA 

expression changes. Comparative at the same months 

figure among chickens, the difference marked with "*" 

indicates that the difference between breeds and lowercase 

letters indicate difference between months significant 

differences (P<0.05), where "**" indicate significant 

differences (P<0.01). Three different chicken breeds thigh 

muscle PRKAA2 expression in different segments are 

shown in Fig. 13.b, 3-month-old broiler PRKAA2 mRNA 

expression levels of the gene slightly higher than 

Miniature and Wuding chicken, the difference was not 

significant. 4 and 5-month-old Miniature and Wuding 

chicken’s mRNA expression level is higher than the 

broiler, but no significant difference. But 4 and 5 months 

were significantly different (P<0.05). With months of 

growth, Miniature and Wuding chicken’s gene expression 

increased gradually, four and five months was 

significantly higher than 3 months (P<0.05). The 

difference was not significant. 

  
Figure 14.a Chicken breast muscle GS gene mRNA 

expression changes. Comparative at the same months 

figure among chickens, the difference marked with "*" 

indicates that the difference between breeds and lowercase 

letters indicate difference between months significant 

differences (P<0.05), where "**" indicate significant 

differences (P<0.01). Three different chicken breeds 

breast GS mRNA expression in different segments are 

shown in Fig. 14a, 3-month-old Miniature and Wuding 

chicken’s GS gene mRNA expression levels were 

significantly higher than broilers (P<0.01), 4- and 5-

month-old chicken’s mRNA expression was significantly 

higher than Miniature and broilers (P<0.05). With the 

growth of age, 3-month-old Miniature chicken was 

significantly higher than four and five months (P<0.01), 

while 3 months and 5 months was significantly higher than 

4 months (P<0.05), broiler difference not significant. 

 
Figure 14.b Chicken thigh muscle GS gene mRNA 

expression changes. Comparative at the same months 

figure among chickens, the difference marked with "*" 

indicates that the difference between breeds and lowercase 

letters indicate difference between months significant 

differences (P<0.05), where "**" indicate significant 

differences (P<0.01). Three different chicken breeds thigh 

muscle GS mRNA expression in different segments are 

shown in Fig. 14.b, 3-month-old broiler and Miniature 

chicken mRNA expression slightly higher than Wuding 

chicken, but the difference was not significant. 4 and 5-

month-old Miniature and Wuding chicken’s GS gene 

mRNA expression were significantly higher than the 

broilers (P<0.05). With months of growth, Wuding 

chicken gene expression gradual increased, but the 

difference was not significant. Miniature chicken and 

broilers gene expression decreased, which was 

significantly higher (P<0.05). 

 
Figure 15.a Chicken breast muscle PFKM gene mRNA 

expression changes. Comparative at the same months 

figure among chickens, the difference marked with "*" 

indicates that the difference between breeds and lowercase 

letters indicate difference between months significant 

differences (P<0.05), where "**" indicate significant 

differences (P<0.01). Three different chicken breeds 

breast muscle PFKM gene expression in different 

segments of age are shown in Fig. 15.a, 3-month-old 

Miniature and Wuding chicken’s PFKM mRNA 

expression were significantly higher than the broilers 

(P<0.05), 4 and 5 months old Wuding chicken mRNA 

expression was higher than the Miniature chicken and 
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broiler chicken, five months old Wuding chicken was 

significantly higher than the other two chickens (P<0.05). 

With after months of growing Miniature, Wuding and 

broiler chicken were first increased and then decreased, 

and the difference was significant (P<0.05), while broiler 

gradually increased, but the difference was not significant. 

 
Figure 15.b Chicken thigh muscle PFKM gene mRNA 

expression changes. Comparative at the same months 

figure among chickens, the difference marked with "*" 

indicates that the difference between breeds and lowercase 

letters indicate difference between months significant 

differences (P<0.05), where "**" indicate significant 

differences (P<0.01). PFKM thigh muscle segments 

expression in different months are shown in Figure 15.b, 

where the inter-species and months was not significant. 

With months of growth, after Wuding and Miniature 

chicken were first increased and then decreased, while 

broilers decreased. 

 

PRKAB2 mRNA expression levels at 3rd month were greater 

(P<0.05) in breast muscle of the Daweishan mini chickens 

while broilers thigh muscle and the Daweishan mini chicken’s 

breast muscle decreases significantly with the age (Fig. 

12a,b). PRKAA2 mRNA expression level of the Daweishan 

mini chickens in breast muscle was higher (P<0.05) at 3rd 

month than the Wuding chickens and broilers and in thigh 

muscle whereas the Wuding chickens was also higher at 4th 

and 5th month while the Daweishan mini chickens was also 

significantly higher than the broilers. Gene expression in 

breast muscle decreases with the age but in thigh muscle of 

the Wuding and the Daweishan mini chickens gene 

expressions were significantly increasing with the age (Fig. 

13a,b).  

GS mRNA expression levels were significantly affected by 

age it was higher in Wuding breast muscle at 3rd, 4th and 5th 

month whereas in thigh muscle 4th and 5th months was higher 

(P<0.01), breast muscle GS gene mRNA expression was 

higher in the Daweishan mini chickens than broilers (Fig. 14 

a,b). 

Higher expression levels of PFKM were found in breast 

muscles of Wuding and the Daweishan mini chickens at 3rd 

month and also noticeably higher in the Wuding chickens at 

5th month (P<0.05), the Wuding and the Daweishan mini 

chicken’s breast muscle also significantly affected by age, in 

the Daweishan mini chickens it decreases with the age and in 

the Wuding chicken 3rd and 5th months were higher than 4th 

month, thigh muscles were also higher in the Wuding and the 

Daweishan mini chickens, but the difference was not 

significant (Fig. 15 a,b). 

 
Figure 16. Comparative analysis of: (a) Breast muscle 

fiber density, (b) thigh muscle fiber density in the 

three different breeds of chickens at the age of 3-

, 4-, and 5-months. The difference marked with "*" 

indicates that the difference between breeds and lowercase 

letters indicate difference between months significant 

differences (P<0.05), where "**" indicate significant 

differences (P<0.01). 

 

DISCUSSION 

 

Poultry meat quality has several aspects overall; quality traits 

are reliant on some factors, age, sex and genotype stand out 

with biological factors (Bokkers and Koene, 2003; 

Hellmeister Filho et al., 2003). The originality of our study 

lies in comparing three different chicken breeds, which 

hypothesized to have variations in muscle glycogen because 

of fat and lean chicken (Sibut et al., 2008), and slow growing 

and fast-growing chickens. Fernandez et al. (2001) had found 

to have meat quality differences with change in muscle 

glycogen content, therefore important to find mechanisms 

related with change in muscle glycogen with meat quality 

(Fernandez et al., 2001). The metabolite content and the pH 

of postmortem muscle have previously been shown to 

influence the quality measures (Huff-Lonergan et al., 2002). 
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The 45 min pH was higher in broiler breast muscle than native 

Wuding and Daweishan Mini chickens but decreases with age 

in broilers whereas, it increases with the age in the Wuding 

and the Daweishan Mini chicken. Consistent with authors 

who found that the rate of initial pH drop is more rapid in the 

breast muscle of older native chickens(12 week) than younger 

native chickens(6-8 weeks ( Debut et al., 2003), while 24 h 

pH in breast muscle was not significant for breeds and age, 

these findings were consistent with result of Debut et al. 

(2003) who fail to find any differences in pHu of breast meat 

from native and broiler birds. According to Przybylski (1994) 

at the time of slaughtering, glycogen level in the muscles 

causes the ultimate pH value of meat, current findings showed 

that glycogen contents of thigh and breast muscles in the 

Wuding and Daweishan mini and the chickens were 

significantly higher than the broilers, a higher 24 h pH and 45 

min pH in thigh muscle at 5th month was found in Daweishan 

mini chickens. The ultimate pH was considered by the initial 

content of muscle glycogen at slaughtering time, but the rate 

of drop in pH drop is typically dependent on glycolytic 

enzymes activity just after death (Bendall, 1973). Scheffler 

(2007) recommended that higher stores of muscle glycogen 

are in charge of an extended decline in postmortem pH. Crude 

fat contents and water loss were higher in the Wuding chicken 

and a progressive association between body fatness and 

muscle glycogen content (Berri et al., 2001; Sibut Bihan-

Duval et al., 2008) and a negative association between fat 

content and water loss (Hovenier et al., 1992; Lawrie, 1991) 

has already been observed which confirmed in our study. 

Color is an exterior possession that is important to consumers 

when they buy meat products (Fletcher, 2002). The Wuding 

and the Daweishan mini chickens had higher color a* and b* 

values than broiler, several factors affect meat and skin color, 

including genetics, feeding, and hem pigments (Fletcher, 

1999; Xiong et al., 1999). Lonergan et al. (2003) supposed 

that the differences in redness between genotypes were due to 

differences in muscle fiber type. It has been shown 

repetitively that increased fiber diameter is associated with 

decreased tenderness and/or increased shear force values 

(Khoshoii et al., 2013), while in this study, the agreement 

with previous studies that the higher muscle fiber diameter 

and lower fiber density and significantly higher shear force 

values were found in broiler chicken. Berri et al. (2004) 

observed that with increased in fiber size, both glycolytic 

potential and the postmortem glycolytic activity of the 

muscle’s decreased, consistent this lower fiber diameter lower 

muscle glycogen found in broilers.  

In a recent study on pigs helped to found relationship between 

gene expression to meat water loss, and strong relation with 

muscle pH, but muscle glycogen variations were not 

considered (Ponsuksili et al., 2008). Among the genes 

selected for expressions, all genes expressed differentially in 

Wuding, Daweishan mini native chicken breeds and broiler 

chickens’ breast and thigh muscles. PRKAG3 gene is reliable 

about variations in muscle glycogen content in different 

breeds. In chickens, the characteristics of PRKAG3 genes 

were also highly linked with myofiber as in other animals. In 

chicken, PRKAG3 gene has a good relationship with myofiber 

density (P<0.05), which was exposed by Chen et al. (2013). 

In our study, better meat quality, higher muscle glycogen, and 

the PRKAG3 gene was observed in Wuding and Daweishan 

Mini chickens. Previous studies on PRKAG3 indicated that 

the PRKAG3 gene is a major gene in mammals. Various 

studies observed that PRKAG3 is the main gene responsible 

for changes in meat pH, color lightness, drip loss and 

tenderness which affects meat quality traits (Yin et al., 2012), 

these studies shown an important role of PRKAG3 gene in 

meat quality. Our study is harmonious with the potential role 

of PRKAG3 in the regulation of muscle glycogen levels in 

chicken observed by many researchers (Ciobanu et al., 2001; 

Lindahl et al., 2004; Rohrer et al., 2012). In another study 

Zhao et al. (2006) who also found two SNPs caused amino 

acid substitutions on PRKAG3 gene from the five-chicken 

breed. Equivalent pig studies suggest that these subunits may 

act an important role in glycogen content and energy 

metabolism regulation in skeletal muscles (Li et al., 2006). 

These studies shown that maybe PRKAG3 has a major gene 

effect on meat quality traits (Gimeno-Alcañiz and Sanz, 

2003). PRKAB2 (protein kinase, AMP-activated, beta 2 non-

catalytic subunit) belongs to a protein kinase family that play 

an important part in regulating energy metabolism in 

eukaryote and have a central conserved area known as 

glycogen-binding domain (GBD), which responsible for 

connecting AMPK complexes with glycogen in cultured cells 

and cell-free systems (CFS) (Polekhina et al., 2003). PRKAB2 

is triggered by a rise in the proportion of adenosine 

monophosphate to adenosine triphosphate. Stimulated 

PRKAB2 goes on ATP generating pathways and prevents 

ATP consuming pathways (Thornton et al., 1998). PRKAB2 

can deactivate by phosphorylation glycogen synthase, the 

important enzyme in glycogen synthesis regulation (Hardie et 

al., 1998), and fatty acid oxidation activation (Yamauchi et 

al., 2003). Wang et al. (2008) found an association between 

the chicken PRKAB2 gene and tenderness of meat. Wang et 

al. (2009) also found the association between the PRKAB2 

gene on muscle fiber density, intramuscular fat content (IMF), 

and other meat quality traits to be significantly affected 

(P<0.05). So, have a major part in metabolism of glucose and 

fat, and have relationship with tenderness and fiber density, 

that are main factors responsible for better meat quality in 

domestic animals, the Wuding and the  Daweishan mini 

chickens have higher fiber density and better tenderness, 

higher intramuscular crude fat and higher muscle glycogen 

with higher PRKAB2 gene expression than in broiler, it 

showed that in breeding chickens, some sites in the PRKAB2 

gene and chicken production traits have some relevance, not 

only in improving meat yield, but also in improving meat 

quality.  
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Protein Kinase AMP-Activated Catalytic Subunit α2 

(PRKAA2), is a heterotrimeric protein comprising a catalytic 

subunit (α) and two rigid subunits (β and γ), belongs to  AMPK 

(Adenosine monophosphate-activated protein kinase), family 

(Kemp et al., 1999), whereas the α2 subunit is most expressed  

in liver, heart, and skeletal muscle (Stapleton et al., 1996; 

Stapleton et al., 1997). It was suggested that AMPK play role 

for increasing glycolysis in ischemia by stimulating 6-

phosphofructo-2-kinase, enzyme that is in charge for the 

production of fructose 2, 6-bisphosphate, a potent activator 

for glycolysis (Marsin et al., 2000). Pharmacological 

stimulation of AMPK by 5-aminoimidazole-4-carboxamide 

ribonucleotide caused increased glucose uptake equally in 

skeletal and cardiac muscles in an insulin-independent 

manner (Bergeron et al., 1999; Hayashi et al., 1998). Besides, 

a close association among higher AMPK activity and 

increased glucose uptake was observed in a different stress 

conditions (Hayashi, 2000). Xing et al. (2003) confirmed that 

AMPK α2 have an important part in ischemia-activated 

glucose uptake. Highly expressed PRKAA2 gene in the 

Wuding and the Daweishan mini chickens with higher muscle 

glycogen content than broilers, it showed that PRKAA2 may 

play a role in muscle glycogen metabolism.  

Phosphofructokinase (PFKM) muscle type that catalyzed the 

irreversible conversion of fructose-6-phosphate to fructose-1, 

6-bisphosphate, which is the main enzyme in glycolysis 

regulation. Kieldson et al. (2013) also found 

phosphofructokinase expression in the skeletal muscle, which 

is affected by genetic changes and have a relationship with a 

measure of insulin sensitivity, and analysis offers a view of 

PFKM as a main regulator of skeletal muscle and insulin 

sensitivity. Shen et al. (2014) also found that TP and LSP 

native breeds have superior meat quality and higher PFKM 

gene expression than flatland breeds (DLY). The Wuding and 

the Daweishan mini chickens also had better meat quality and 

higher PFKM gene expression than broiler. This research 

shows that PFKM gene has a relationship with meat quality 

and glycolysis regulation. Several studies were shown that 

PFKM may have direct relationship in controlling glycogen 

metabolism and meat quality. 

Glycogen synthase (GS) is a main enzyme of non-oxidative 

pathway of glucose metabolism and considered as have a 

strong impact on muscle glycogen and glycolysis in muscle. 

Glycogen synthase is rate limiting under a variety of 

conditions in animals (Azpiazu et al., 2000; Lawrence and 

Roach, 1997) and human beings (Perseghin et al., 1996; Vind 

et al., 2012). Dephosphorylation caused important variations 

in the kinetic properties of GS gene (Jensen and Lai, 2009). 

Thus, it is a consideration that insulin stimulates GS gene 

through the versatile interaction between phosphorylation and 

allosteric regulation. GS gene activity is positively correlated 

with changes in muscle glycogen (Danforth, 1965; Danforth 

and Harvey, 1964) and strongly dependent on glycogen levels 

in rodents (Prats et al., 2009) and in human skeletal muscles, 

resting state and after contraction of muscles (Danforth, 1965; 

Nielsen et al., 2001). Present study’s results showed that the 

Wuding and Daweishan mini chickens had greater muscle 

glycogen and also GS mRNA expression levels, results 

showed strong effect of muscle glycogen and glycolysis in 

muscles. Present experimental results shown that the Wuding 

and Daweishan mini chickens had better meat quality, higher 

muscle glycogen content. These results proved that the 

defined differences are found in native and broiler chickens 

for most genes and genes showing differential expression 

possibly contribute to characteristic flavor development in the 

Wuding and the Daweishan mini chickens. 

 

CONCLUSION 

 

The present study was aimed to compare three different 

chicken breeds at different ages, to identify differently 

expressed genes related to muscle glycogen content and their 

relationship with meat quality. The results of the study 

presented that the Daweishan mini and the Wuding chicken’s 

breast and thigh muscles had better meat quality traits and 

higher muscle glycogen (under present experimental 

condition) than broiler. PRKAB2, PRKAG3 than PRKAA2, 

GS, and PFKM gene expressions in the Wuding and 

Daweishan mini chickens’ breast and thigh muscles were also 

higher.  

The muscle glycogen status and related gene expressions of 

muscles might be related with meat quality in chicken. The 

study is also beneficial for genetic research related to muscle 

glycogen, providing an objective basis. The identification of 

differentially expressed genes makes targeted sequencing and 

genotyping efforts easier for further research. 
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