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			Abstract | The study was conducted to determine the effects of different levels of dietary SID methionine on growth performance, carcass yield, meat quality, myogenic gene expression of two coloured chicken groups. A total of 480 one-day-old chicks (240 Ri hybrid and 240 Luong Phuong) of uniform body weight was divided into a 2 × 3 factorial arrangement of treatments with four replicate cages of 20 chicks per treatment. Two factors include 2 chicken groups (Ri hybrid-slow-growing strain and Luong Phuong-fast-growing strain) and three dietary SID methionine concentration (low, adequate, high). The methionine levels were set up by the recommendation of Evonik (2010) for coloured chickens. At 12 weeks of age, 8 male and 8 female chicks per treatment were randomly chosen for the carcass yield, meat quality, and myogenic gene expression evaluation (myostatin, myf5, MEF2B). The results showed that the higher level of dietary SID methionine than that of Evonik recommendation (2010) improved growth performance in slow-growing colored chickens but had no effect on body weight gain in fast-growing strain. The increasing breast muscle yield and decreasing abdominal fat were observed in the fast-growing chicks fed high dietary SID methionine. The improvements in breast muscle of the fast-growing colored strain was reflected by increased mRNA expression of Myf5 and MEF2B but decreased expression of myostatin. 
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			INTRODUCTION

			 

			Methionine (Met) is usually the first limiting amino acid in most of the practical diets for broiler chicken (Ravindran and Bryden, 1999). Met is also an essential component in protein metabolism, provides methyl groups for choline and betaine synthesis (Corzo et al., 2006). Methionine also effects on lipid metabolism by stimulating the oxidative catabolism of fatty acids via carnitine synthesis (Nukreaw et al., 2011). Many studies have been reported the regulatory effects of Met on growth performance and breast meat yield in broilers (Hickling et al., 1990; Ahmed and Abbas, 2011; Bouyeh and Gevorgyan, 2011). Therefore, it is important to provide adequate Met to optimize broiler growth and production (Wen et al., 2017).

			 

			The Met contents given in the databases are generally minimum levels that satisfy general productive activities of broilers without strain being considered (Wen et al., 2017). Meanwhile, the different chicken groups may have differed Met requirement. Therefore, the responses of growth performance and productivity to dietary Met status may differ between strains (Wen et al., 2017).

			 

			The family of myogenic regulatory factors including myogenic differentiation factor 1 (myoD1), myogenic factor 5 (myf5), myogenin, and muscle regulatory factor 4 (MRF4), as well as the myocyte enhancer factor 2 (MEF2) family of transcription factors (MEF2A, B, C, and D), are known to be key regulators of skeletal muscle development (Hennebry et al., 2009; Townley-Tilson et al., 2010). The studies reported the expression of these factors affected by nutrition (essiential amino acids, cholecalciferol) in humans (Drummond et al., 2009) and animals (Alami-Durante et al., 2011). Myostatin is a negative regulator of skeletal muscle growth during the development and in the adult, and myostatin inhibition causes increased muscle mass (Wang and McPherron, 2012). Wen et al. (2014) also indicated that the increase in breast muscle growth in broilers fed +Met diets reflected the expected expression of myostatin, Myf5, and MEF2B genes. However, until now, little is known about the effects of Met on the expressions of these myogenic genes. Therefore, the objective of this study was to evaluate the effects of dietary SID Met concentrations on growth performance, breast and thigh muscle yields, meat quality, and the expression of these myogenic genes in fast- and slow-growing coloured chicken groups.

			 

			MATERIALS AND METHODS

			 

			Animals and experimental designs 

			The Luong Phuong chicken was selected as the fast-growing broiler strain (FG), and Ri hybrid chick (¼ Luong Phuong and ¾ Ri) was selected as the slow-growing broiler strain (SG). A total of 240 chicks from each strain were obtained from National Institute of Animal Sciences, Vietnam and raised from 0 to 12 weeks of age. At 12 weeks of age, these broiler strains were reached to slaughter-weight. The chickens were divided into a 2 × 3 factorial arrangement of treatments with four replicate cages of twenty chicks per treatment unit. Vaccination against Newcastle was done at 1st and 17th day of age, while vaccination for infectious bursal disease followed at 6th and 13th day of age, and vaccination against Avian influenza infection was done at 15th day of age.

			 

			The experimental diets were formulated based on corn, soybean meal, full fat soybean and fish meal using analyzed ingredient amino acid contents and published SID coefficients (Evonik, 2010). Three diets with low (0.44, 0.35, 0.31, 0.25), adequate (0.52, 0.43, 0.39, 0.33) and high (0.60, 0.51, 0.47, 0.41) SID methionine concentrations compared to SID methionine level recommended by Evonik (2010) for coloured chickens during 1-14, 15-30, 31-45, and from 46 days of age, respectively (Table 1). The adequate diets were formulated to meet SID methionine requirement of the color chickens according to Evonik’s (2010) at different ages. The low and the high SID methionine diets were formulated based on the adequate level ± 0.08%.

			 

			Feeding and measurement

			Chickens were housed in 1.2 × 2.5m pens and allowed free access to feed and water. The environmental temperature ranged from 30–35oC during the experimental periods. The body weight of chicks and feed were recorded by bi-weekly to calculate body weight gain (BWG), feed intake (FI), FCR (feed conversion ratio) and PER (protein efficiency ratio). PER was calculated based on the average weight gain of a test chicken group divided by its protein intake. Mortality was also recorded.

			 

			Sample collection

			At 12 weeks of age, 8 male and 8 female chicks per treatment were randomly selected and fasted for 12 h, but water was offered. The individual weight of the birds was obtained and recorded just before killing by cervical dislocation. They were allowed to bleed for 5 min, then put in pre-heated water and were plucked, scalded and washed. Evisceration and the cutting of the carcass into different parts were done manually. Weight of various parts was recorded using an electronic scale (Kern, Japan). The carcass yield was expressed as a percentage of the eviscerated carcass in the live weight.

			 

			Carcass analysis

			The pH was measured 15 min (pH15) and 24 h (pH24) after slaughter on breast meat using a pH meter (HI99163, Hanna) calibrated at pH 4.0 and 7.0. The pH15 and pH24 values were measured by directly inserting the glass electrode of the pH-meter into the center of the breast meat. Breast meat colour was measured using a reflectance colorimeter (Minolta Chroma Meter CR-400) as described by Schilling et al. (2012). Three colour readings were taken, each measured in triplicate. Colour was measured using the L* a* b* colour scale, where L* represents degree of lightness (0 = black to 100 = white), a* represents green (­a*) to red (+a*), and b* represents blue (­b*) to yellow (+b*). Colour for each sample was expressed in terms of CIE values for lightness (L*), redness (a*), and yellowness (b*) (Schilling et al., 2012). Values for each colour parameter were averaged together.

			 

			The samples weighing about 50 g was obtained from the breast meat was used to assess drip loss, boiling loss as described by Schilling et al. (2012). Drip loss was measured by keeping samples suspended in covered plastic bag on sieved plastic racks for 24 h at 2-4°C and calculated as percentage of weight loss during storage. Boiling loss was measured by immersing cooking bags in hot water (85°C) for approximately 20 min until an internal temperature of 80°C was reached. The bags were tempered at ambient temperature (20°C) for 30 min before opening to drain the liquid from each bag. Each sample was patted dry with one paper towel and reweighed. Cooking loss was reported as a percentage and calculated as [(initial weight – final weight)/ initial weight] × 100.

			Table 1: Ingredients and nutrient composition of experimental diets (as-fed basis). 

			
				
					
					
					
					
					
					
					
					
					
					
					
					
					
				
				
					
							Item
							
							1-14 days old

						
							
							15-30 days old

						
							
							31-45 days old

						
							
							From 46 days old

						
					

					
							LM
							AM
							HM
							LM
							AM
							HM
							LM
							AM
							HM
							LM
							AM
							HM
					

					
							Feed ingredients, %
					

					
							
							Corn, 7.65% CP

						
							
							48.70

						
							
							48.62

						
							
							48.54

						
							
							54.66

						
							
							54.58

						
							
							54.50

						
							
							56.67

						
							
							56.59

						
							
							56.51

						
							
							62.34

						
							
							62.26

						
							
							62.17

						
					

					
							
							SBM, 47.19%

						
							
							32.00

						
							
							32.00

						
							
							32.00

						
							
							27.25

						
							
							27.25

						
							
							27.25

						
							
							21.10

						
							
							21.10

						
							
							21.10

						
							
							20.00

						
							
							20.00

						
							
							20.00

						
					

					
							
							Fish meal, 64.60% CP

						
							
							-

						
							
							-

						
							
							-

						
							
							0.80

						
							
							0.80

						
							
							0.80

						
							
							0.40

						
							
							0.40

						
							
							0.40

						
							
							-

						
							
							-

						
							
							-

						
					

					
							
							Full-fat soya, 36.40% CP

						
							
							11.54

						
							
							11.54

						
							
							11.54

						
							
							9.50

						
							
							9.50

						
							
							9.50

						
							
							15.00

						
							
							15.00

						
							
							15.00

						
							
							10.40

						
							
							10.40

						
							
							10.40

						
					

					
							
							Oil

						
							
							4.08

						
							
							4.08

						
							
							4.08

						
							
							4.50

						
							
							4.50

						
							
							4.50

						
							
							4.05

						
							
							4.05

						
							
							4.05

						
							
							4.70

						
							
							4.70

						
							
							4.70

						
					

					
							
							DCP 19%

						
							
							1.50

						
							
							1.50

						
							
							1.50

						
							
							1.50

						
							
							1.50

						
							
							1.50

						
							
							0.90

						
							
							0.90

						
							
							0.90

						
							
							0.81

						
							
							0.81

						
							
							0.81

						
					

					
							
							Limestone

						
							
							1.36

						
							
							1.36

						
							
							1.36

						
							
							1.30

						
							
							1.30

						
							
							1.30

						
							
							1.43

						
							
							1.43

						
							
							1.43

						
							
							1.32

						
							
							1.32

						
							
							1.32

						
					

					
							
							L-Lysine.HCl

						
							
							0.18

						
							
							0.18

						
							
							0.18

						
							
							0.01

						
							
							0.01

						
							
							0.01

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
							
							-

						
					

					
							
							DL-Methionine

						
							
							0.14

						
							
							0.22

						
							
							0.30

						
							
							0.07

						
							
							0.15

						
							
							0.23

						
							
							0.04

						
							
							0.12

						
							
							0.20

						
							
							0.00

						
							
							0.08

						
							
							0.17

						
					

					
							
							L-Threonine

						
							
							0.10

						
							
							0.10

						
							
							0.10

						
							
							0.01

						
							
							0.01

						
							
							0.01

						
							
							0.01

						
							
							0.01

						
							
							0.01

						
							
							0.03

						
							
							0.03

						
							
							0.03

						
					

					
							
							Broiler 5001

						
							
							0.20

						
							
							0.20

						
							
							0.20

						
							
							0.20

						
							
							0.20

						
							
							0.20

						
							
							0.20

						
							
							0.20

						
							
							0.20

						
							
							0.20

						
							
							0.20

						
							
							0.20

						
					

					
							
							Salt

						
							
							0.20

						
							
							0.20

						
							
							0.20

						
							
							0.20

						
							
							0.20

						
							
							0.20

						
							
							0.20

						
							
							0.20

						
							
							0.20

						
							
							0.20

						
							
							0.20

						
							
							0.20

						
					

					
							
							Total

						
							
							100

						
							
							100

						
							
							100

						
							
							100

						
							
							100

						
							
							100

						
							
							100

						
							
							100

						
							
							100

						
							
							100

						
							
							100

						
							
							100

						
					

					
							Calculated nutrient composition
					

					
							
							DM, %

						
							
							88.4

						
							
							88.6

						
							
							89.1

						
							
							86.6

						
							
							86.9

						
							
							88.0

						
							
							85.9

						
							
							85.3

						
							
							86.2

						
							
							86.8

						
							
							87.1

						
							
							87.2

						
					

					
							
							ME, kcal/kg

						
							
							3039

						
							
							3037

						
							
							3034

						
							
							3106

						
							
							3103

						
							
							3100

						
							
							3156

						
							
							3153

						
							
							3151

						
							
							3201

						
							
							3198

						
							
							3195

						
					

					
							
							CP, %

						
							
							22.6

						
							
							22.5

						
							
							22.7

						
							
							20.2

						
							
							20.1

						
							
							21.2

						
							
							19.9

						
							
							19.9

						
							
							19.8

						
							
							17.2

						
							
							17.3

						
							
							17.4

						
					

					
							
							EE, %

						
							
							7.21

						
							
							7.53

						
							
							7.39

						
							
							7.75

						
							
							7.12

						
							
							7.88

						
							
							6.47

						
							
							6.41

						
							
							6.49

						
							
							7.69

						
							
							7.51

						
							
							7.91

						
					

					
							
							CF, %

						
							
							2.38

						
							
							2.38

						
							
							2.37

						
							
							2.53

						
							
							2.71

						
							
							2.41

						
							
							3.01

						
							
							3.29

						
							
							3.17

						
							
							2.94

						
							
							3.13

						
							
							3.13

						
					

					
							
							SID Lys, %

						
							
							1.31

						
							
							1.31

						
							
							1.31

						
							
							1.05

						
							
							1.05

						
							
							1.05

						
							
							0.97

						
							
							0.97

						
							
							0.97

						
							
							0.85

						
							
							0.85

						
							
							0.85

						
					

					
							
							SID Met, %

						
							
							0.44

						
							
							0.52

						
							
							0.60

						
							
							0.35

						
							
							0.43

						
							
							0.51

						
							
							0.31

						
							
							0.39

						
							
							0.47

						
							
							0.25

						
							
							0.33

						
							
							0.41

						
					

					
							
							SID Cys, %

						
							
							0.30

						
							
							0.30

						
							
							0.30

						
							
							0.28

						
							
							0.28

						
							
							0.28

						
							
							0.27

						
							
							0.27

						
							
							0.27

						
							
							0.25

						
							
							0.25

						
							
							0.25

						
					

					
							
							SID Met+Cys, %

						
							
							0.74

						
							
							0.82

						
							
							0.90

						
							
							0.63

						
							
							0.71

						
							
							0.78

						
							
							0.57

						
							
							0.65

						
							
							0.73

						
							
							0.49

						
							
							0.57

						
							
							0.66

						
					

					
							
							Calcium, %

						
							
							1.00

						
							
							1.00

						
							
							1.00

						
							
							1.00

						
							
							1.00

						
							
							1.00

						
							
							0.90

						
							
							0.90

						
							
							0.90

						
							
							0.80

						
							
							0.80

						
							
							0.80

						
					

					
							
							Avail P, %

						
							
							0.45

						
							
							0.45

						
							
							0.45

						
							
							0.45

						
							
							0.45

						
							
							0.45

						
							
							0.35

						
							
							0.35

						
							
							0.35

						
							
							0.30

						
							
							0.30

						
							
							0.30

						
					

					
							Ratio to SID Lys
					

					
							
							SID Met, %

						
							
							34 

						
							
							40 

						
							
							46 

						
							
							34 

						
							
							41 

						
							
							49 

						
							
							32 

						
							
							40 

						
							
							48 

						
							
							29 

						
							
							38 

						
							
							49 

						
					

					
							
							SID Thr, %

						
							
							56 

						
							
							62 

						
							
							68 

						
							
							60 

						
							
							67 

						
							
							75 

						
							
							59 

						
							
							67 

						
							
							75 

						
							
							58 

						
							
							67 

						
							
							78 

						
					

					
							
							SID Trp, %

						
							
							64 

						
							
							64 

						
							
							64 

						
							
							65 

						
							
							65 

						
							
							65 

						
							
							66 

						
							
							66 

						
							
							66 

						
							
							71 

						
							
							71 

						
							
							71 

						
					

					
							
							SID Arg, %

						
							
							19 

						
							
							19 

						
							
							19 

						
							
							21 

						
							
							21 

						
							
							21 

						
							
							22 

						
							
							22 

						
							
							22 

						
							
							22 

						
							
							22 

						
							
							22 

						
					

					
							
							SID Ile, %

						
							
							112 

						
							
							112 

						
							
							112 

						
							
							124 

						
							
							124 

						
							
							124 

						
							
							127 

						
							
							127 

						
							
							127 

						
							
							129 

						
							
							129 

						
							
							129 

						
					

					
							
							SID Leu, %

						
							
							68 

						
							
							68 

						
							
							68 

						
							
							76 

						
							
							76 

						
							
							76 

						
							
							78 

						
							
							78 

						
							
							78 

						
							
							79 

						
							
							79 

						
							
							79 

						
					

					
							
							SID Val, %

						
							
							131 

						
							
							131 

						
							
							131 

						
							
							152 

						
							
							152 

						
							
							152 

						
							
							158 

						
							
							158 

						
							
							158 

						
							
							168 

						
							
							168 

						
							
							168 

						
					

					
							
							SID His, %

						
							
							73 

						
							
							73 

						
							
							73 

						
							
							82 

						
							
							82 

						
							
							82 

						
							
							84 

						
							
							84 

						
							
							84 

						
							
							87 

						
							
							87 

						
							
							87 

						
					

					
							
							SID Phe, %

						
							
							43 

						
							
							43 

						
							
							43 

						
							
							48 

						
							
							48 

						
							
							48 

						
							
							50 

						
							
							50 

						
							
							50 

						
							
							52 

						
							
							52 

						
							
							52 

						
					

				
			

			

			11 kg contains 6,000,000 UI vitamin A; 17,000mg vitamin E; 1,460mg vitamin K; 1,500mg vitamin B1; 80mg biotin; 40,000-44,000mg Zn; 90,000-98,000mg Mn. LM, low methionine; AM, adequate methionine, HM, high methionine.

			 

			Shear force was assessed using a Warner-Bratzler Shear force procedure described in Schilling et al. (2012). The samples used for cooking loss determinations were used for shear force determinations. Four to 6 adjacent 1 cm (width) × 1 cm (thickness) × 2 cm (length, parallel to the orientation of the muscle fibers) strips were cut from the cooked breast fillet, parallel to the direction of the muscle fibers. Each strip was sheared once, and the mean was calculated for each fillet. Samples were sheared perpendicular to the muscle fibers using WDS-1 instrument with a cross head speed of 200 mm/min.

			 

			Gene expression analysis

			A total of 36 breast muscle samples (3 male and 3 female chicks per treatment) was collected for gene expression analysis. Briefly, total RNA of breast muscle samples was extracted with Total RNA Purification kit (Cat. #17200, Norgen, Biotek, Canada) according to the manufacturer’s protocol.

			Table 2: Primer sequences for real-time PCR primers.

			
				
					
					
					
					
				
				
					
							 Gene
							Gene bank ID
							Primer sequence (5’ – 3’)
							Product size, bp
					

					
							
							Myostatin

						
							
							NM_001001461

						
							
							GGGACGTTATTAAGCAGC

						
							
							153

						
					

					
							
							ACTCCGTAGGCATTGTGA

						
					

					
							
							Myf5

						
							
							NM_001030363

						
							
							CTTCGAGGCGGGCTACTG

						
							
							106

						
					

					
							
							AGAGAGGCGGTCCACGAT

						
					

					
							
							MEF2B

						
							
							XM_430389

						
							
							CACAGCCTCACTGGTTTCCC

						
							
							230

						
					

					
							
							GACACCCGCTCTGACTTGATG

						
					

					
							
							GAPDH

						
							
							NM_204305

						
							
							AGAACATCATCCCAGCGTCC

						
							
							133

						
					

					
							
							CGGCAGGTCAGGTCAACAAC

						
					

				
			

			

			 

			The purity and concentration of total RNA in each sample were determined through 260/280 nm absorbance measures using the NanoDrop spectrophotometer (Thermo Scientific, USA). A ratio of 1.9-2.1 is generally accepted as “pure” for RNA. The diluted RNA was reverse transcribed into cDNA with iScriptTM cDNA synthesis kit (Biorad, USA). The cDNA was quantified using Maxima SYBR Green/ROX qPCR Master mix kit (Thermo Scientific) on Real-time PCR QuantStudio 5 system (Thermo Fisher Scientific). Optimised cycling conditions were 95°C for 30 s followed by 40 cycles of 95°C for 5 s, 60°C for 31 s, and final dissociation stage of 95°C for 15 s, 60°C for 1 min, 95°C for 15 s and 60°C for 15 s. The geometric means of glyceraldehyde 3-phosphate dehydrogenase (GAPDH) was used to normalise the genes of interest as recommended. The primers sequences for GAPDH, MSTN, Myf5, MEF2B was synthesized according to Wen et al (2014). The amplified products also were presented in Table 2. Relative mRNA levels (arbitrary units) were calculated on the basis of PCR efficiency and threshold cycle (Ct) values using the 2-ΔΔCt method (Livak and Schmittgen, 2001). The mRNA level of each target gene in the fast-growing chicks fed the AM diets was assigned a value of one.

			 

			Statistical analysis

			Two-way ANOVA was performed to determine the main effects of strain and Met concentration and their interaction using the general linear model procedure of SPSS software (version 15.0; SPSS Inc.). The differences were considered to be significant at P<0.05. Data are presented as means (M) and pooled standard error of the means (SEM).

			 

			RESULTS

			 

			Growth performance

			The effects of dietary SID methionine on growth performance of chickens were presented in Table 3. Higher body weight gain (BWG), feed intake (FI), crude protein intake (CPI), protein efficiency ratio (PER) and lower feed conversion ratio (FCR) were observed (P<0.05) in the fast-growing chicks than in the slow-growing strain. There was no difference in these criteria between chicks fed low methionine (LM), adequate methionine (AM) or high methionine (HM) diets. Compared with the LM and AM diets, the HM diets increased (P<0.05) BWG and PER, as well as decreased the FCR in slow-growing chickens. Meanwhile, the HM diets increased (P < 0.05) CPI in fast-growing strain compared with the LM diets. There was no effect of the SID methionine concentration, and the interaction between SID methionine level and strain on FI and CPI within each strain. Mortality was 3.2% and not related to treatment.

			 

			Table 3: Effects of dietary SID methionine on growth performance of chickens from 0 to 12 weeks of age.

			
				
					
					
					
					
					
					
				
				
					
							Item
							BWG, g
							FI, g
							CPI, g
							FCR
							PER
					

					
							Strain 
					

					
							
							SG

						
							
							1273.1b

						
							
							4464.2b

						
							
							937.6b

						
							
							3.51a

						
							
							1.36b

						
					

					
							
							FG

						
							
							1808.8a

						
							
							5847.9a

						
							
							1220.0a

						
							
							3.23b

						
							
							1.48a

						
					

					
							
							SEM

						
							
							14.87

						
							
							12.20

						
							
							2.91

						
							
							0.04

						
							
							0.02

						
					

					
							Methionine
					

					
							
							LM

						
							
							1508.0

						
							
							5151.1

						
							
							1075.7

						
							
							3.45

						
							
							1.39

						
					

					
							
							AM

						
							
							1525.5

						
							
							5144.8

						
							
							1078.2

						
							
							3.41

						
							
							1.41

						
					

					
							
							HM

						
							
							1589.4

						
							
							5172.4

						
							
							1082.5

						
							
							3.26

						
							
							1.47

						
					

					
							
							SEM

						
							
							144.0

						
							
							370.0

						
							
							75.6

						
							
							0.09

						
							
							0.04

						
					

					
							Treatment
					

					
							
							SG + LM

						
							
							1229.0c

						
							
							4470.5b

						
							
							937.3c

						
							
							3,64a

						
							
							1,31b

						
					

					
							
							SG + AM

						
							
							1238.6c

						
							
							4453.3b

						
							
							937.4c

						
							
							3.60a

						
							
							1.32b

						
					

					
							
							SG + HM

						
							
							1351.8b

						
							
							4468.8b

						
							
							937.9c

						
							
							3.31b

						
							
							1.44a

						
					

					
							
							FG + LM

						
							
							1787.1a

						
							
							5831.6a

						
							
							1213.6b

						
							
							3.26b

						
							
							1.47a

						
					

					
							
							FG + AM

						
							
							1812.4a

						
							
							5836.2a

						
							
							1218.9ab

						
							
							3.22b

						
							
							1.49a

						
					

					
							
							FG + HM

						
							
							1827.4a

						
							
							5876.0a

						
							
							1227.6a

						
							
							3.22b

						
							
							1.49a

						
					

					
							
							SEM

						
							
							15.6

						
							
							18.6

						
							
							3.99

						
							
							0.04

						
							
							0.02

						
					

					
							
							P value

						
					

					
							
							Strain

						
							
							<0.01

						
							
							<0.01

						
							
							<0.01

						
							
							<0.01

						
							
							<0.01

						
					

					
							
							Methionine

						
							
							0.84

						
							
							1.00

						
							
							1.00

						
							
							0.10

						
							
							0.15

						
					

					
							
							Strain × methionine

						
							
							<0.01

						
							
							0.25

						
							
							0.06

						
							
							<0.01

						
							
							<0.01

						
					

				
			

			

			BWG, body weight gain; FI, feed intake; CPI, crude protein intake; FCR, feed conversion ratio; PER, protein efficiency ratio; LM, low methionine diet; AM, adequate methionine diet; HM, high methionine diet; SG, slow-growing strain; FG, fast-growing strain. Results are presented as means and pooled SEM (n = 4). Mean values within a column with unlike superscript letters were significantly different (P<0.05).

			Carcass yield and meat quality

			Except relative thigh + drumstick and abdominal fat weight, the carcass composition and carcass yield obtained in fast-growing chicks were higher (P<0.05) than those in slow-growing strain (Table 4). Meanwhile, there was no difference in these criteria between chicks fed LM, AM or HM diets. Chickens fed the HM diets had higher (P<0.05) relative thigh + drumstick weight than the chicks fed LM and AM diets. The highest absolute and relative weight of breast muscle were observed in fast-growing chicks fed HM diet (P<0.05). Chickens fed HM diets had the lowest abdominal fat retention.

			 

			There was no significant difference (P>0.05) in the pH values, drip loss, and shear force between two strains (Table 5). The cooking loss of breast meat collected from fast-growing chicks was lower than slow-growing strain. However, the pH values and water loss of breast meat did not differ between chickens fed LM, AM and HM diets. The lowest total water loss of breast meat was observed in fast-growing chicks fed LM diet. Whereas, the greatest shear force was in slow-growing chickens fed HM diet. All samples demonstrated L* values less than 60. There was no interaction between SID methionine and strain effects on pH15, drip loss and total loss of breast meat within each strain.

			 

			Table 4: Effects of dietary SID methionine on carcass characteristics of chickens at 12 weeks of age.

			 

			
				
					
					
					
					
					
					
					
					
					
					
				
				
					
							Item
							Carcass composition, g
							Carcass yield, %
							 
					

					
							
							Live

							weight

						
							
							Carcass

							weight

						
							
							Breast

							weight

						
							
							Thigh and drumstick weight

						
							
							Abdominal

							 fat

						
							
							Dressing 

							out

						
							Breast
							
							Thigh and

							drumstick

						
							
							Abdominal 

							fat

						
					

					
							Strain
							 
							 
							 
							 
					

					
							
							SG

						
							
							1301.7b

						
							
							886.8b

						
							
							155.8b

						
							
							200.4b

						
							
							6.81b

						
							
							68.06b

						
							
							17.56b

						
							
							22.55

						
							
							0.07

						
					

					
							
							FG

						
							
							1846.8a

						
							
							1284.4a

						
							
							247.3a

						
							
							291.2a

						
							
							14.23a

						
							
							69.55a

						
							
							19.24a

						
							
							22.67

						
							
							1.11

						
					

					
							
							SEM

						
							
							17.0

						
							
							15.3

						
							
							3.3

						
							
							4.0

						
							
							2.84

						
							
							0.40

						
							
							0.33

						
							
							0.29

						
							
							0.21

						
					

					
							Methionine
							
							 

						
							
							 

						
							
							 

						
							
							 

						
					

					
							
							LM

						
							
							1542.1

						
							
							1062.0

						
							
							194.4

						
							
							232.3

						
							
							19.0a

						
							
							68.58

						
							
							18.17

						
							
							21.82b

						
							
							1.63a

						
					

					
							
							AM

						
							
							1559.2

						
							
							1073.7

						
							
							193.8

						
							
							239.9

						
							
							8.81b

						
							
							68.72

						
							
							17.96

						
							
							22.37b

						
							
							0.83b

						
					

					
							
							HM

						
							
							1621.5

						
							
							1121.3

						
							
							216.4

						
							
							265.2

						
							
							3.75b

						
							
							69.15

						
							
							19.08

						
							
							23.63a

						
							
							0.37b

						
					

					
							
							SEM

						
							
							117.6

						
							
							86.2

						
							
							20.0

						
							
							20.1

						
							
							2.97

						
							
							0.53

						
							
							0.52

						
							
							0.40

						
							
							0.20

						
					

					
							Treatment
							
							 

						
							
							 

						
							
							 

						
							
							 

						
					

					
							
							SG + LM

						
							
							1260.5c

						
							
							845.6c

						
							
							148.90c

						
							
							183.40d

						
							
							7.30c

						
							
							67.07c

						
							
							17.60b

						
							
							21.65b

						
							
							0.86b

						
					

					
							
							SG + AM

						
							
							1268.2c

						
							
							862.5c

						
							
							151.54c

						
							
							193.96d

						
							
							7.60c

						
							
							68.00bc

						
							
							17.55b

						
							
							22.50ab

						
							
							0.88b

						
					

					
							
							SG + HM

						
							
							1376.5b

						
							
							952.3b

						
							
							166.83c

						
							
							223.61c

						
							
							5.56c

						
							
							69.19ab

						
							
							17.53b

						
							
							23.49a

						
							
							0.58c

						
					

					
							
							FG + LM

						
							
							1823.7a

						
							
							1278.2a

						
							
							239.61b

						
							
							280.99b

						
							
							30.71a

						
							
							70.09a

						
							
							18.74b

						
							
							21.98ab

						
							
							2.40a

						
					

					
							
							FG + AM

						
							
							1850.2a

						
							
							1284.9a

						
							
							235.99b

						
							
							285.94ab

						
							
							10.02b

						
							
							69.45ab

						
							
							18.37b

						
							
							22.25ab

						
							
							0.78b

						
					

					
							
							FG + HM

						
							
							1866.5a

						
							
							1290.2a

						
							
							265.86a

						
							
							306.56a

						
							
							1.94d

						
							
							69.12ab

						
							
							20.62a

						
							
							23.77a

						
							
							0.15d

						
					

					
							
							SEM

						
							
							23.4

						
							
							19.0

						
							
							6.22

						
							
							7.91

						
							
							0.72

						
							
							0.49

						
							
							0.46

						
							
							0.59

						
							
							0.06

						
					

					
							P value
							
							 

						
							
							 

						
							
							 

						
							
							 

						
					

					
							
							Strain

						
							
							<0.01

						
							
							<0.01

						
							
							<0.01

						
							
							<0.01

						
							
							<0.01

						
							
							<0.01

						
							
							<0.01

						
							
							0.68

						
							
							0.13

						
					

					
							
							Methionine

						
							
							0.78

						
							
							0.77

						
							
							0.50

						
							
							0.25

						
							
							<0.01

						
							
							0.53

						
							
							0.10

						
							
							<0.01

						
							
							<0.01

						
					

					
							
							Strain × methionine

						
							
							0.23

						
							
							0.01

						
							
							<0.01

						
							
							<0.01

						
							
							<0.01

						
							
							<0.01

						
							
							<0.01

						
							
							<0.01

						
							
							<0.01

						
					

				
			

			

			Results are presented as means and pooled SEM (n = 16). Mean values within a column with unlike superscript letters were significantly different (P<0.05).

			 

			Gene expression

			The fast-growing chickens had higher (P<0.05) mRNA expression of Myf5 and MEF2B, but lower mRNA expression of MSTN in breast muscle than the slow-growing chickens (Table 6). Compared with the LM and AM diets, the HM diets increased (P<0.05) mRNA levels of MEF2B, and decreased MSTN mRNA level in both strains. There was no significantly difference in mRNA expression of Myf5 between chicks fed LM, AM and HM diets. The greatest mRNA expression of Myf5 and MEF2B, and the lowest MSTN mRNA level were shown in fast-growing chicks fed HM diets. Effect of the interaction between SID methionine level and strain was observed on mRNA expression of MSTN, Myf5 and MEF2B.

			Table 5: Effects of dietary SID methionine on meat quality of chickens at 12 weeks of age.

			
				
					
					
					
					
					
					
					
					
					
					
				
				
					
							Item
							pH value, unit
							Water loss, %
							Color coordinate
							Shear force, N
					

					
							pH15
							pH24
							Drip loss
							Cooking loss
							Total loss
							L* (Lightness)
							a* (Redness)
							b* (Yellowness)
					

					
							Strain
							
							 

						
							
							 

						
							
							 

						
							
							 

						
					

					
							
							SG

						
							
							5.80

						
							
							5.38

						
							
							0.95

						
							
							16.66a

						
							
							17.61a

						
							
							53.81b

						
							
							2.87

						
							
							9.11a

						
							
							26.10

						
					

					
							
							FG

						
							
							5.72

						
							
							5.34

						
							
							0.89

						
							
							14.21b

						
							
							15.09b

						
							
							56.59a

						
							
							2.98

						
							
							7.56b

						
							
							24.40

						
					

					
							
							SEM

						
							
							0.05

						
							
							0.05

						
							
							0.08

						
							
							0.66

						
							
							0.71

						
							
							0.36

						
							
							0.12

						
							
							0.41

						
							
							1.16

						
					

					
							Methionine
							
							 

						
							
							 

						
							
							 

						
							
							 

						
					

					
							
							LM

						
							
							5.74

						
							
							5.40

						
							
							0.89

						
							
							16.27

						
							
							17.16

						
							
							53.24b

						
							
							3.54a

						
							
							7.88b

						
							
							26.43a

						
					

					
							
							AM

						
							
							5.81

						
							
							5.37

						
							
							0.88

						
							
							14.85

						
							
							15.73

						
							
							55.53a

						
							
							2.95b

						
							
							9.07a

						
							
							22.87b

						
					

					
							
							HM

						
							
							5.73

						
							
							5.32

						
							
							0.99

						
							
							15.17

						
							
							16.16

						
							
							56.83a

						
							
							2.28c

						
							
							8.13ab

						
							
							26.44a

						
					

					
							
							SEM

						
							
							0.06

						
							
							0.05

						
							
							0.10

						
							
							0.81

						
							
							0.86

						
							
							0.73

						
							
							0.14

						
							
							0.50

						
							
							1.14

						
					

					
							Treatment
							
							 

						
							
							 

						
							
							 

						
							
							 

						
					

					
							
							SG + LM

						
							
							5.78

						
							
							5.46

						
							
							1.05

						
							
							19.33a

						
							
							20.38a

						
							
							52.26d

						
							
							3.62a

						
							
							7.61c

						
							
							25.34c

						
					

					
							
							SG + AM

						
							
							5.89

						
							
							5.40

						
							
							0.91

						
							
							15.02b

						
							
							15.93b

						
							
							53.34cd

						
							
							2.73bc

						
							
							10.85a

						
							
							22.37d

						
					

					
							
							SG + HM

						
							
							5.72

						
							
							5.28

						
							
							0.89

						
							
							15.63b

						
							
							16.51b

						
							
							55.83b

						
							
							2.25c

						
							
							8.86b

						
							
							30.59a

						
					

					
							
							FG + LM

						
							
							5.69

						
							
							5.34

						
							
							0.72

						
							
							13.22c

						
							
							13.94c

						
							
							54.22c

						
							
							3.45a

						
							
							8.00c

						
							
							27.53b

						
					

					
							
							FG + AM

						
							
							5.73

						
							
							5.33

						
							
							0.85

						
							
							14.68b

						
							
							15.52b

						
							
							57.73a

						
							
							3.17ab

						
							
							7.29c

						
							
							23.37d

						
					

					
							
							FG + HM

						
							
							5.73

						
							
							5.35

						
							
							1.09

						
							
							14.72b

						
							
							15.81b

						
							
							57.84a

						
							
							2.31c

						
							
							7.40c

						
							
							22.30d

						
					

					
							
							SEM

						
							
							0.08

						
							
							0.07

						
							
							0.14

						
							
							0.41

						
							
							0.47

						
							
							0.53

						
							
							0.20

						
							
							0.25

						
							
							0.61

						
					

					
							P value
							
							 

						
							
							 

						
							
							 

						
							
							 

						
					

					
							
							Strain

						
							
							0.09

						
							
							0.40

						
							
							0.46

						
							
							<0.01

						
							
							<0.01

						
							
							<0.01

						
							
							0.37

						
							
							<0.01

						
							
							0.16

						
					

					
							
							Methionine

						
							
							0.33

						
							
							0.31

						
							
							0.57

						
							
							0.20

						
							
							0.23

						
							
							<0.01

						
							
							<0.01

						
							
							<0.05

						
							
							<0.01

						
					

					
							
							Strain × methionine

						
							
							0.54

						
							
							0.02

						
							
							0.81

						
							
							0.04

						
							
							0.07

						
							
							<0.01

						
							
							0.02

						
							
							<0.01

						
							
							<0.01

						
					

				
			

			

			Results are presented as means and pooled SEM (n= 16). Mean values within a column with unlike superscript letters were significantly different (P<0.05)

			 

			Table 6: Effects of dietary SID methionine on relative mRNA levels in beast muscle of chickens at 12 weeks of age.

			
				
					
					
					
					
				
				
					
							Item
							MSTN
							Myf5
							MEF2B
					

					
							Strain
							
							 

						
							
							 

						
							
							 

						
					

					
							
							SG

						
							
							1.39a

						
							
							0.65b

						
							
							0.70b

						
					

					
							
							FG

						
							
							1.01b

						
							
							1.04a

						
							
							1.00a

						
					

					
							
							SEM

						
							
							0.07

						
							
							0.02

						
							
							0.03

						
					

					
							Methionine
							
							 

						
							
							 

						
							
							 

						
					

					
							
							LM

						
							
							1.57a

						
							
							0.78

						
							
							0.71b

						
					

					
							
							AM

						
							
							1.37a

						
							
							0.82

						
							
							0.83b

						
					

					
							
							HM

						
							
							0.66b

						
							
							0.94

						
							
							1.01a

						
					

					
							
							SEM

						
							
							0.10

						
							
							0.09

						
							
							0.07

						
					

					
							Treatment
							
							 

						
							
							 

						
							
							 

						
					

					
							
							SG + LM

						
							
							1,65a

						
							
							0,62c

						
							
							0,64d

						
					

					
							
							SG + AM

						
							
							1,74a

						
							
							0,63c

						
							
							0,65d

						
					

					
							
							SG + HM

						
							
							0,78d

						
							
							0,71c

						
							
							0,81c

						
					

					
							
							FG + LM

						
							
							1,48b

						
							
							0,95b

						
							
							0,79c

						
					

					
							
							FG + AM

						
							
							1,00c

						
							
							1,00b

						
							
							1,00b

						
					

					
							
							FG + HM

						
							
							0,54e

						
							
							1,18a

						
							
							1,21a

						
					

					
							
							SEM

						
							
							0,05

						
							
							0,04

						
							
							0,04

						
					

					
							
							P value

						
							
							 

						
							
							 

						
							
							 

						
					

					
							
							Strain

						
							
							<0.01

						
							
							<0.01

						
							
							<0.01

						
					

					
							
							Methionine

						
							
							<0.01

						
							
							0.18

						
							
							<0.01

						
					

					
							
							Strain × methionine

						
							
							<0.01

						
							
							<0.01

						
							
							<0.01

						
					

				
			

			

			Results are presented as means and pooled SEM (n = 6). Mean values within a column with unlike superscript letters were significantly different (P<0.05).

			DISCUSSIONS

			 

			Results of this study generally show the different response between the two chicken strains to dietary SID methionine levels. For slow-growing strain, the body weight gain, FCR and PER were significantly (P<0.05) improved by feeding colored chicks with HM diets compared to AM and LM diets. These results were in agreement with findings of Pillai et al. (2006) who reported that weight gain and feed efficiency were significantly maximized with addition of methionine. Ahmed and Abbas (2011) also reported that broiler body weight gain, FCR and PER were significantly (p<0.05) improved by increasing dietary methionine compared to the methionine level according to NRC (1994) recommendation. The results of Hickling et al. (1990) also indicated that increasing the methionine level (0.43 vs. 0.38% Met) increased broiler weight gain and gain: feed (G:F) during 3 to 6 weeks of age. However, Wen et al. (2017) reported that using -0.15% to +0.1% methionine NRC (1994) was not affected body gain in the slow-growing broiler strain.

			 

			In the case of fast-growing strain, the BWG, FI, FCR and PER were not significantly (P>0.05) changed with the increasing of dietary SID methionine. This result was not in agreement with the finding of Zhai et al. (2012) who reported that methionine supplementation improved growth performance of the fast-growing broilers. Wen et al. (2017) also reported that comparing with using the diets with adequate or higher NRC (1994) methionine level increased body weight gain in the fast-growing broiler strain. 

			 

			In spite the fact that the increasing dietary SID methionine level did not affect body weight gain in fast-growing chickens, the breast muscle was improved and the abdominal fat retention was decreased when fed this strain with HM diet. The result of Ahmed and Abbas (2011) also indicated that dietary methionine higher than NRC (1994) increased breast muscle weight of broilers compared with the control. Meanwhile, Wen et al. (2017) found that breast muscle weight did not differ between the broilers fed the adequate and high NRC (1994) methionine diets. These conflicting results may due to the different dietary methionine, interaction between amino acids imbalance and response between chicken strains.

			 

			In this study, the HM diets decreased MSTN mRNA expression in breast muscle of chickens. This result agreed with the data of Liu et al. (2010), who found that methionine supplementation (0.61 vs. 0.21% during 4 to 8 weeks of age) downregulated myostatin mRNA expression in skeletal muscle of 55-d broilers. Increased breast muscle yield in fast-growing chicks in response to high SID methionine levels may be reflected by lower myostatin mRNA expression. The mRNA expressions of both Myf5 and MEF2B were greater in fast-growing chicks fed the HM diets. This result was similar to the finding of Wen et al. (2014), who indicated the unique role of these 2 genes distinct from other family members during myogenesis. The expression of Myf5 was not different between treatments in the case of slow-growing strain. Despite the greater MEF2B mRNA expression, the breast muscle yield was not improved when fed slow-growing chicks with HM diets. Therefore, this data implies that methionine effects on the formation of broiler breast muscle may be reflected by an upregulation in the mRNA expression of Myf5.

			 

			CONCLUSIONS And RECOMMENDATIONS

			 

			The higher dietary SID methionine concentration than Evonik Recommendation (2010) improved growth performance in slow-growing colored chickens but had no effect on body gain in fast-growing strain. The increasing breast muscle yield and decreasing abdominal fat were observed in the fast-growing chicks fed high dietary SID methionine. The improvements in breast muscle of the fast-growing colored strain was reflected by increased mRNA expression of Myf5 and MEF2B but decreased expression of myostatin.
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Effect of Dietary SID Methionine on Growth Performance, Carcass
and Meat Quality, Myogenic Gene Expression in Fast and Slow
Growing Coloured Chickens
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Hang, Vo Tur Mind Tam, Dint Van DunG*, Ho TrunG THONG

Faculty of Animal Sciences and Veterinary Medicine, University of Agriculture and Forestry, Hue University, Vietnam.

Abstract | The study was conducted to determine the effects of different levels of dietary SID methionine on growth
performance, carcass yield, meat quality, myogenic gene expression of two coloured chicken groups. A total of 480
one-day-old chicks (240 Ri hybrid and 240 Luong Phuong) of uniform body weight was divided into a 2 x 3 factorial
arrangement of treatments with four replicate cages of 20 chicks per treatment. Two factors include 2 chicken
groups (Ri hybrid-slow-growing strain and Luong Phuong-fast-growing strain) and three dietary SID methionine
concentration (low, adequate, high). The methionine levels were set up by the recommendation of Evonik (2010) for
coloured chickens. At 12 weeks of age, 8 male and 8 female chicks per treatment were randomly chosen for the carcass
yield, meat quality, and myogenic gene expression evaluation (myostatin, myf5, MEF2B). The results showed that the
higher level of dietary SID methionine than that of Evonik recommendation (2010) improved growth performance
in slow-growing colored chickens but had no effect on body weight gain in fast-growing strain. The increasing breast
muscle yield and decreasing abdominal fat were observed in the fast-growing chicks fed high dietary SID methionine.
The improvements in breast muscle of the fast-growing colored strain was reflected by increased mRNA expression of

Myf5 and MEF2B but decreased expression of myostatin.
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INTRODUCTION

Methionine (Met) is usually the first limiting amino
acid in most of the practical diets for broiler chicken
(Ravindran and Bryden, 1999). Met is also an essential
component in protein metabolism, provides methyl groups
for choline and betaine synthesis (Corzo et al., 2006).
Methionine also effects on lipid metabolism by stimulating
the oxidative catabolism of fatty acids via carnitine synthesis
(Nukreaw et al., 2011). Many studies have been reported
the regulatory effects of Met on growth performance and
breast meat yield in broilers (Hickling et al., 1990; Ahmed
and Abbas, 2011; Bouyeh and Gevorgyan, 2011). Therefore,
it is important to provide adequate Met to optimize broiler

growth and production (Wen et al., 2017).

The Met contents given in the databases are generally
minimum levels that satisfy general productive activities of
broilers without strain being considered (Wen et al.,2017).
Meanwhile, the different chicken groups may have differed
Met requirement. Therefore, the responses of growth
performance and productivity to dietary Met status may
differ between strains (Wen et al., 2017).

The family of myogenic regulatory factors including
myogenic differentiation factor 1 (myoD1), myogenic
factor 5 (myf5), myogenin, and muscle regulatory factor 4
(MRF4), as well as the myocyte enhancer factor 2 (MEF2)
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