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A trial was conducted to investigate the effects of different Se sources, including sodium selenite (S-Se) and selenium yeast (Y-Se) and different effective microorganism (EM) addition levels on growth performance, meat quality, and muscle fiber characteristics of three-yellow chickens and its potential mechanism. A total of 400 birds were randomly distributed into 4 groups (S-Se, S-Se + EM, Y-Se, and Y-Se + EM groups) consisting of a 2 × 2 factorial arrangement. The main factors were the source of Se (ISe = inorganic Se: 0.2 mg/kg S-Se; OSe = organic Se: 0.2 mg/kg Y-Se) and the level of EM (HEMB = high EM: 0.5% EM; ZEMB = low EM: 0% EM). Each treatment had 5 replicates and each replicate consisted of 20 broiler chickens. The trial lasted for 70 days. The results showed that, in breast muscle, the broiler chickens fed OSe source decreased the pH24h, drip loss, shear force, perimeter, cross-sectional area, and diameter, but increased the [image: image] and density compared with the broiler chickens fed ISe source (p < 0.05); broiler chickens supplied with HEMB level decreased the cross-sectional area and diameter, but increased the pH24h, [image: image] and density compared with the broiler chickens supplied with ZEMB level (p < 0.05). In thigh muscle, OSe source and HEMB level also could improve the meat quality and change muscle fiber characteristics of broiler chickens (p < 0.05). Meat quality was correlated with the muscle fiber characteristics (p < 0.05). OSe source and HEMB level could regulate the expression levels of muscle fiber-relative genes in the breast and thigh muscles (p < 0.05). In conclusion, OSe source and HEMB level could improve the meat quality of the breast and thigh muscles of three-yellow chickens by changing the muscle fiber characteristics, and they changed the muscle fiber characteristics by regulating the expression levels of muscle fiber-relative genes.
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INTRODUCTION

Three-yellow chicken is one of the most famous indigenous breeds in China. They have a high content of linolenic acid and amino acid, and a low content of sinapic acid in the meat. As people's living standard has improved, the need for high-quality meat products has greatly increased (1). However, large-scale feeding of three-yellow chicken leads to a decrease in meat quality. Thus, more research has gravitated toward improving the meat quality of broiler chicken (2–4).

Sodium selenite (S-Se), selenium yeast (Y-Se), selenomethionine, and nano-selenium can be supplied in animal feed (5). Se is an essential trace element and a key part of glutathione peroxidase. Compared with S-Se, Y-Se has greater effects and is widely used (6). Dietary Y-Se supplementation can improve the carcass quality, antioxidant status, nutrition digestibility, Se deposition, and meat quality of Cobb 500 broilers, laying hen, and sheep (4, 7, 8). Probiotics such as Lactobacillus, yeast, and Bacillus subtilis as the possible substitute for antibiotics have attracted a lot of attention (2, 9). Previous studies had shown that, when supplied with Lactobacillus, it could improve the nutrient absorption, intestinal integrity, meat quality, and keep the balance of gut microbiota of weaning piglets, ducks, and Arbor Acres (AA) broilers (3, 10–12). Dietary yeast can improve the antioxidant status and meat quality of AA and Ross broilers (2, 10, 13). Effective microorganism (EM) mainly included Lactobacillus and yeast in this experiment. However, the effect of Y-Se and EM on the growth performance, meat quality, and muscle fiber characteristics of three-yellow chickens is still unknown.

Meat quality is reflected by many indexes such as pH value, color, flavor, drip loss, cooking loss, and shear force. The level of glycolysis and the content of lactic acid and oxidation level in the muscle can influence the meat quality (14–17). Previous studies had shown that, when supplied with Y-Se, Lactobacillus and yeast could increase the antioxidant capacity of ducks, aging mice, Ross broilers, and pigs by increasing the activities of glutathione peroxidase and superoxide dismutase and decreasing the contents of thiobarbituric acid reactive substances and malondialdehyde (2, 13, 18–20). The increase in antioxidant capacity prevents the oxidation of myoglobin, which can deepen the muscle color (21, 22), and it prevents the oxidation of muscle and keeps the cytomembrane integrity, thus decreasing the L*, drip loss, and cooking loss (14, 16, 23). Previous studies had found a correlation between meat quality and muscle fiber characteristics (24–26). However, there is less information about this correlation in broiler chickens. In this experiment, we investigated the effects of different Se sources and different EM addition levels on the growth performance, meat quality, and muscle fiber characteristics of three-yellow chickens, and studied the correlation between meat quality and muscle fiber characteristics, and then illustrated the underlying mechanism.



MATERIALS AND METHODS


Animals and Diets

A total of 400 one-day-old healthy three-yellow chickens (male, average initial weight was 35.72 ± 0.05 g) were randomly distributed into 4 groups (S-Se, S-Se + EM, Y-Se, and Y-Se + EM groups) consisting of a 2 × 2 factorial arrangement. The main factors were the source of Se (ISe = inorganic Se: 0.2 mg/kg S-Se; OSe = organic Se: 0.2 mg/kg Y-Se) and the level of EM (HEMB = high EM: 0.5% EM; ZEMB = low EM: 0% EM). The basal diet met the nutrient requirements (except for microelement) of broiler chickens according to NRC 1994 and NY/T33 2004 (Table 1). The additional level of microelement was determined according to our previous study. The broiler chickens in the S-Se and S-Se + EM groups were fed the basal diet supplemented with 0.2 mg/kg S-Se, and in the Y-Se and Y-Se + EM groups were fed the basal diet supplemented with 0.2 mg/kg Y-Se. Meanwhile, the S-Se + EM and Y-Se + EM groups were fed the basal diet supplemented with 0.5% EM (Bokaxi, Changsha, China) which mainly included Lactobacillus and yeast at a dose of 2 × 108 cfu/kg and 3 × 107 cfu/kg, respectively. The analyzed value of Se in the diets is shown in Table 2. The trial lasted for 70 days. The birds had ad libitum access to food and water. Each treatment had 5 replicates, and each replicate consisted of 20 broiler chickens. Each replicate was raised in a single cage having the dimensions 160×160×100 cm (length × width × height). The room temperature was maintained constant at 22 ± 1°C. The relative humidity was maintained at 55 ± 5%. The lighting schedule was 23 h light:1 h dark. Birds were weighed in the morning at 1, 35, and 70 days, and feed intake was recorded each day. At the end of the trial, body weight (BW), average daily feed intake (ADFI), average daily gain (ADG), and feed conversion ratio (FCR) were calculated.


Table 1. Composition of the basal diet and nutrition level (dry matter).
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Table 2. Concentration of Se in experimental diets (mg/kg).
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Sample Collection

At the end of the experiment, birds were fasted for 24 h before slaughter, and electrically stunned and euthanized by cervical dislocation. The right breast and thigh muscles were collected from one bird in each replicate. Some of the muscles were fixed in 4% formalin for morphometric analyses, some were used for meat quality examination, and some were immediately frozen at −80°C for quantitative real-time polymerase chain reaction (qRT-PCR) analysis.



Meat Quality

Meat quality of the right breast and thigh muscles was determined according to the method developed by Meng et al. with a slight modification (27). The pH values were measured at 45 min, 24 h, and 48 h postmortem using a portable pH meter (Mettler-Toledo, Shanghai, China). At the same time, meat colors, which included L*, a*, and b*, were determined by Minolta chroma meter (Konica Minolta, Tokyo, Japan). During 45 min after postmortem, the surface water of muscles (around 30 g) was removed, and the initial weight was recorded. After hanging vertically at 4°C for 24 h, the final weight was recorded. The drip loss was calculated as follows:

[image: image]

The muscles were trimmed to 2 cm × 2 cm × 1 cm, and the initial weight was recorded. The meats were packed by bag and immersed in 80°C water until the internal temperature of meats reached 74°C. The meats were cooled and the final weight was recorded after removing the surface water of meats. The cooking loss was calculated as follows:

[image: image]

After measuring the cooking loss, the shear force was measured using digital muscle shear apparatus (Stable Micro Systems, Surrey, UK).



Muscle Fiber Characteristics

The right breast and thigh muscles were embedded in paraffin and cut into 10 μm sections (horizontal axis). The samples were dehydrated via a series of incubations in xylene and ethanol solutions, and then stained with hematoxylin and eosin (HE staining), and observed through a microscope (400×) (Nikon, Tokyo, Japan). Three areas (each area was 0.15 mm2) in a slide (6 slides in each treatment) were randomly selected to examine the perimeter, cross-sectional area, diameter, and density of muscle fiber using CaseViewer.



qRT-PCR Analysis

The relative expression levels of myogenic factor 5 (Myf5), myogenin (MyoG), myogenic regulatory factor 4 (MRF4), calpain 2 (CAPN2), calpain 3 (CAPN3), calpastatin (CAST), myostatin (MSTN), myocyte enhancer factor 2A (MEF2A), myocyte enhancer factor 2D (MEF2D), fast myosin heavy chain (FM), slow myosin heavy chain (SM), insulin-like growth factor I (IGF-I), and insulin-like growth factor II (IGF-II) in the right breast and thigh muscles were detected by qRT-PCR. The primers (Sangon Biotech, Shanghai, China) used are listed in Table 3. The β-actin gene was chosen as the reference gene for sample normalization. qRT-PCR reactions were carried out in a –Bio-Rad CFX96 touch qPCR system (Applied Biosystems, Foster City, USA) in 20 μl volumes that contained the following components: 10 μl of SYBR Green Mix (Takara, Changsha, China), 2 μl cDNA (1,000 ng/μl), 0.4 μl of each primer (10 mM), and 7.2 μl dH2O, followed by 40 cycles of 95°C for 30 s, 55°C−58°C for 30 s, and 72°C for 30 s. Finally, a melt curve analysis was used to detect the single product. The relative expression level was analyzed using the 2−ΔΔCT method. The amplification efficiencies of all primes ranged from 0.90 to 1.00. All samples were tested in triplicate.


Table 3. The primers for qRT-PCR.
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Statistical Analysis

The experimental design was a 2 × 2 factorial arrangement, and the main factors were the source of Se and the level of EM. Data were analyzed by –two-way ANOVA using SPSS 22.0 (SPSS. Inc., Chicago, USA), which included the main effects of Se source, EM level, and their interaction (Se source × EM level). Tukey's multiple-range test was used to analyze the differences. All data were further subjected to one-way ANOVA. When overall differences were significant, the differences were tested by Duncan's multiple-range test (SPSS 22.0). The correlations between the meat quality and muscle fiber characteristics in the breast and thigh muscles were analyzed by SPSS 22.0. The level of significance was set at p < 0.05, and high level of significance was set at p < 0.01. The results are presented as the mean values and SEM.




RESULTS


Growth Performance

The effect of Se source and EM level on growth performance is shown in Table 4. Se source influenced FCR of three-yellow chickens (p < 0.05). There was no interaction between Se source and EM level regarding growth performance (p > 0.05). Broiler chickens fed OSe source decreased the FCR during 1–35 days compared with the broiler chickens fed ISe source (p < 0.05). During 1–35 days, a greater FCR was observed in the S-Se + EM group compared with the Y-Se and Y-Se + EM groups (p < 0.05), whereas there were no significant differences among the S-Se, Y–Se, and Y-Se + EM groups, or between the S-Se and S-Se + EM groups (p > 0.05).


Table 4. Effects of different Se sources and different bacteria supplementation levels on the growth performance of three-yellow chickens.
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Meat Quality in the Breast and Thigh Muscles

The effect of Se source and EM level on meat quality in the breast and thigh muscles is shown in Table 5. In breast muscle, the present experiment showed significant interactions between the Se source and EM level regarding pH24h and drip loss (p < 0.05). Compared with the broiler chickens fed ISe source, broiler chickens fed OSe source decreased the pH24h, drip loss, and shear force, and increased the [image: image] (p < 0.05). Broiler chickens supplied with HEMB level increased pH24h and [image: image] compared with the broiler chickens supplied with ZEMB level (p < 0.05). In detail, the S-Se + EM group had a greater pH24h compared with the other groups, and the S-Se group had a greater pH24h compared with the Y-Se + EM group (p < 0.05). The Y-Se + EM group had a greater [image: image] compared with the other groups (p < 0.05). The drip loss in the Y-Se + EM group was lower than that in the S-Se + EM and Y-Se groups (p < 0.05). Shear force in the Y-Se + EM group was lower than that in the S-Se and S-Se + EM groups (p < 0.05).


Table 5. Effects of different Se sources and different bacteria supplementation levels on the meat quality of three-yellow chickens.

[image: Table 5]

In the thigh muscle, Se source and EM level showed significant interactions on [image: image], [image: image], [image: image], and drip loss (p < 0.05). Compared with broiler chickens supplied with ISe source, broiler chickens fed OSe source decreased the [image: image], [image: image], drip loss, and shear force, and increased the [image: image] and [image: image] (p < 0.05). Broiler chickens supplied with HEMB level increased the [image: image], [image: image], and [image: image] compared with the broiler chickens supplied with ZEMB level (p < 0.05). In detail, the Y-Se + EM group had a greater [image: image] compared with the other groups, and S-Se + EM group had a greater [image: image] compared with the S-Se and Y-Se groups (p < 0.05). The Y-Se + EM group had a greater [image: image] compared with the other groups, and the S-Se group had a greater [image: image] compared with the S-Se + EM and Y-Se groups (p < 0.05). The Y-Se + EM group had a greater [image: image] compared with the other groups, and the S-Se group had a greater [image: image] compared with the S-Se + EM group (p < 0.05). The Y-Se + EM group had a greater [image: image] compared with the S-Se + EM and Y-Se groups (p < 0.05). The S-Se and S-Se + EM groups had a higher [image: image] compared with the Y-Se and Y-Se + EM groups (p < 0.05). The S-Se + EM group had a greater drip loss compared with the other groups (p < 0.05). The S-Se group had a greater shear force compared with the Y-Se and Y-Se + EM groups (p < 0.05).



Muscle Fiber Characteristics in the Breast and Thigh Muscles

The effect of Se source and EM level on muscle fiber characteristics in the breast and thigh muscles is shown in Figure 1 and Table 6. In the breast muscle, there were no interactions between Se source and EM level regarding the muscle fiber characteristics (p > 0.05). Compared with the broiler chickens fed ISe source, broiler chickens fed OSe source decreased the perimeter, cross-sectional area, and diameter, and improved the density (p < 0.05). Broiler chickens supplied with HEMB level decreased the cross-sectional area and diameter, and enhanced the density, compared with the broiler chickens supplied with ZEMB level (p < 0.05). In detail, the S-Se group had a greater cross-sectional area and diameter compared with the other groups (p < 0.05). The Y-Se + EM group had a greater density compared with the S-Se and S-Se + EM groups, and the Y-Se group had a greater density compared with the S-Se group (p < 0.05).


[image: Figure 1]
FIGURE 1. Hematoxylin and eosin staining of the right breast and thigh muscles (400 ×). S-Se, sodium selenite; S-Se + EM, sodium selenite + 0.5% EM; Y-Se, selenium yeast; Y-Se + EM, selenium yeast + 0.5% EM.



Table 6. Effects of different Se sources and different bacteria supplementation levels on the muscle fiber characteristic of three-yellow chickens.

[image: Table 6]

In the thigh muscle, there were no interactions between Se source and EM level regarding the muscle fiber characteristics (p > 0.05). Compared with the broiler chickens fed ISe source, broiler chickens fed OSe source decreased the cross-sectional area and diameter, and increased the density (p < 0.05). Broiler chickens supplied with HEMB level decreased the perimeter and cross-sectional area, and increased the density, compared with the broiler chickens supplied with ZEMB level (p < 0.05). In detail, the Y-Se + EM group had a greater density compared with the other groups (p < 0.05).



The Correlations Between the Meat Quality and Muscle Fiber Characteristics

The correlations between the meat quality and muscle fiber characteristics in the breast and thigh muscles are shown in Figure 2. In the breast muscle, [image: image] showed a negative correlation with perimeter, but shear force showed a positive correlation with perimeter (p < 0.05). The [image: image] and [image: image] were negatively related to cross-sectional area, and [image: image] and shear force were positively related to cross-sectional area (p < 0.05). [image: image] showed a negative correlation with diameter (p < 0.05). [image: image] was negatively related to density (p < 0.05). In the thigh muscle, [image: image] and [image: image] showed negative correlations with perimeter, but shear force showed a positive correlation with perimeter (p < 0.05). [image: image] and [image: image] were negatively related to cross-sectional area; however, [image: image] and shear force were positively related to cross-sectional area (p < 0.05). [image: image] and [image: image] showed negative correlations with diameter, but [image: image], [image: image], drip loss, and shear force showed positive correlations with diameter (p < 0.05). [image: image], [image: image], and drip loss were negatively related to density, but [image: image] and [image: image] were positively related to density (p < 0.05).


[image: Figure 2]
FIGURE 2. The correlations between the meat quality and muscle fiber characteristics in the breast and thigh muscles of three-yellow chickens. * means significant difference (p < 0.05); ** means highly significant difference (p < 0.01).




Expression Levels of Muscle Fiber-Relative Genes in the Breast and Thigh Muscles

The effect of Se source and EM level on the expression levels of muscle fiber-relative genes in the breast and thigh muscles is shown in Table 7. In the breast muscle, this study showed significant interactions between the Se source and EM level regarding the expression levels of CAST and SM (p < 0.05). Compared with the broiler chickens fed ISe source, broiler chickens fed OSe source decreased the expression level of CAST (p < 0.05) and increased the expression levels of MRF4 and CAPN2 (p < 0.05). Broiler chickens supplied with HEMB level increased the expression levels of MyoG and CAPN3 compared with the broiler chickens supplied with ZEMB level (p < 0.05). In detail, the S-Se + EM and Y-Se + EM groups increased the expression level of CAPN3 compared with the Y-Se group (p < 0.05). The S-Se group had a greater expression level of CAST compared with the other groups, and the S-Se + EM and Y-Se + EM groups had a greater expression level of CAST compared with the Y-Se group (p < 0.05).


Table 7. Effects of different Se sources and different bacteria levels on the expression levels of muscle fiber-relative genes in the breast and thigh muscles.

[image: Table 7]

In the thigh muscle, this study showed significant interactions between the Se source and EM level regarding the expression levels of CAST, MEF2A, MEF2D, IGF-I, and IGF-II (p < 0.05). Compared with the broiler chickens fed ISe source, broiler chickens fed OSe source decreased the expression level of FM and increased the expression levels of Myf5, CAPN3, MEF2A, and SM (p < 0.05). Broiler chickens supplied with HEMB level increased the expression levels of Myf5, MyoG, MRF4, CAPN2, MEF2A, and MEF2D compared with the broiler chickens supplied with ZEMB level (p < 0.05). In detail, the S-Se group had the lowest expression level of Myf5 compared with the other groups (p < 0.05). The S-Se + EM and Y-Se + EM groups increased the expression level of MyoG compared with the S-Se and Y-Se groups (p < 0.05). The S-Se + EM and Y-Se + EM groups increased the expression level of MRF4 compared with the Y-Se group (p < 0.05). The Y-Se and Y-Se + EM groups increased the expression level of CAPN3 compared with the S-Se and S-Se + EM groups (p < 0.05). The Y-Se + EM group had the highest expression levels of MEF2A and MEF2D compared with the other groups (p < 0.05). The S-Se and S-Se + EM groups increased the expression level of FM compared with the Y-Se + EM group (p < 0.05). The Y-Se group had the highest expression level of SM compared with the other groups (p < 0.05). The S-Se group increased the expression level of IGF-I compared with the S-Se + EM and Y-Se groups, and the Y-Se + EM group increased the expression level of IGF-I compared with the Y-Se group (p < 0.05). The S-Se and Y-Se + EM groups increased the expression level of IGF-II compared with the S-Se + EM and Y-Se groups (p < 0.05).




DISCUSSION

Recently, the application of Y-Se and EM has received amounts of attention. The effect of dietary Y-Se supplementation on growth performance of chickens is controversial. Some studies show that dietary Y-Se supplementation increases the BW and weight gain, and decreases the FCR (5, 7). However, some studies show that dietary Y-Se supplementation has no influence on the BW, ADG, ADFI, and FCR of chicken during the overall period (28–30). Our results indicated that, compared with dietary ISe source, dietary OSe source only decreased the FCR during 1–35 days of three-yellow chickens. In this study, EM mainly included Lactobacillus and yeast. A previous study showed that dietary Lactobacillus increased the BW, ADG, and decreased the FCR (31). However, a previous study also showed that dietary Lactobacillus had no influence on the BW, ADG, ADFI, and increased the FCR (32). When supplied with 0.5% dried yeast, it decreases the ADFI of broiler chickens, but has no influence on the ADG and FCR (2). Our results indicated that compared with supplied with ZEMB level, those supplied with HEMB level had no influence on growth performance during the overall period. These discrepancies maybe related to the differences about the adding levels of bacteria and Se, bacteria species, and living environment.

Meat quality is an important aspect of the poultry industry and deeply influences the economic benefits. It can be reflected by the pH value, meat color, drip loss, cooking loss, and shear force. Meat colors include a*, b*, and L*, which is a major aspect to evaluate the products (33). Water-holding capacity, a key characteristic of meat quality, is reflected by drip loss and cooking loss (1). Shear force can reflect the tenderness of the meat (13), which is considered the most important index for eating quality (34). Previous studies had shown that dietary Y-Se supplementation decreased the drip loss and cooking loss of pigs and Ross 308 broilers (18, 22). Our results indicated that compared with dietary ISe source, the broiler chickens fed OSe source increased the meat quality by decreasing L*, drip loss, and shear force, and by increasing the a* and b* in the muscles of three-yellow chickens, which were in agreement with the previous studies. Dietary Lactobacillus supplement increases the b* in the thigh muscle of AA broilers (10), and dietary yeast supplement decreases the shear force in drumstick of Ross broilers (13). Our results indicated that compared with supplied with ZEMB level, broiler chickens supplied with HEMB level improved the meat quality by increasing the pH, a*, and b* in the muscles of three-yellow chickens. The mechanism of meat quality change may be related to the change in antioxidant levels. As an antioxidant mineral, Se is an essential co-factor in the antioxidant enzyme system (35). When supplied with Y-Se, Lactobacillus and yeast can increase the antioxidant capacity (2, 13, 18–20).

Our results showed that dietary OSe source and HEMB level decreased perimeter, cross-sectional area, and diameter, and increased density of muscle fiber on the breast and thigh muscles of three-yellow chickens. In the body of vertebrates, the most abundant tissue is skeletal muscle, and around 75–90% of skeletal muscle is composed of muscle fiber (36). Therefore, muscle fiber is a main factor to influence the meat quality. Muscle tenderness is negatively related to muscle fiber diameter and positively related to muscle fiber density (37). The glycogen concentration is low and the fat concentration is high in the slow muscle fiber (24), and it is positively related to pH and negatively related to drip loss and shear force (25, 38). However, the contents of myohemoglobin and chondriosome are low in the fast muscle fiber, which makes it easy to produce lactic acid (26), and it is positively related to drip loss, shear force, and L*, and negatively related to pH (24, 25). The present findings suggest that the muscle fiber characteristics were closely related to the meat quality, which were in agreement with the previous studies. Muscle fiber perimeter, cross-sectional area, and diameter were negatively related to a* and were positively related to the shear force. Muscle fiber density was positively related to a* and was negatively related to L* and drip loss. Our study illuminated that OSe source and HEMB level could improve the meat quality by regulating the muscle fiber characteristics.

Myf5, MyoG, and MRF4 are the members of myogenic regulatory factor family (39). Myf5, as a myogenic determination factor, takes part in the specification and proliferation of myoblasts (40). MyoG and MRF4 lead myoblast to form multinucleated myofiber (41, 42). Our results showed that in the breast and/or thigh muscles of three-yellow chickens, OSe source and/or HEMB level increased the expression levels of Myf5, MyoG, and MRF4 genes. These results explained how Y-Se and EM increased the density of muscle fiber. Calpain belongs to the papain superfamily, which includes CAPN1, CAPN2, and CAPN3, and is a Ca2+-regulated proteolytic enzyme (43). It degrades the myofibrillar protein (44), which affects the diameter of muscle fiber. Postmortem proteolysis of myofibrillar protein deeply influences the tenderness of the meat (45). CAST specifically inhibits the activity of calpain (46). Our results showed that OSe source and/or HEMB level increased the expression levels of CAPN2 and CAPN3 genes in the breast and/or thigh muscles of three-yellow chickens, and OSe source decreased the expression level of CAST gene in the breast muscle. This was a reason why Y-Se and EM decreased the perimeter, cross-sectional area, and diameter of muscle fiber, and it also explains how Y-Se decreased the shear force of muscles. MEF2A and MEF2D, as members of the MEF2 family, are DNA-binding transcription factors and play key roles in muscle development and differentiation (47). They are related to the formation of slow muscle fiber (48, 49). FM and SM are the fast myosin heavy chain and slow myosin heavy chain, respectively. Our results showed that in the thigh muscle OSe source and HEMB level increased the expression levels of MEF2A and MEF2D genes, and OSe source increased the expression level of SM gene and decreased the expression level of FM gene. These results indicated that Y-Se and EM increased the number of slow muscle fibers, and Y-Se decreased the number of fast muscle fibers. This was a reason why Y-Se and EM decreased the perimeter, cross-sectional area, and diameter of muscle fiber, and it also explains how Y-Se and EM increased the meat quality.
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Myfs F: CAACCAGAGACTCCCCAAA NM_001030363.1 87
R: TCCACCTGTTCCCTCAAGA

MyoG F: GCAGAGGTTTTACGATGGGG NM_204184.1 102
R: CTTTCAGGGCACAGGGTCAC

MRF4 F: AMAGGCGGACTGTGGC D10599.1 234
R: GGAATGGTCGGAAGCG

CAPN2  F: ACCACTGAAGGCTTTGAGG NM_205080.1 264

R: GGGATTTCGGATTCTGATG

CAPN3  F: TTGCTTGCCTGACACTGAAT NM_001004406.2 162
R: GCTGGTTGTTGTATGTGGGTAG

CAST F: GGATGAATCAGCACTGGACA NM_001137650.1 149
R: GGAGGCTACCTTCTCGTTTT

MSTN F: GGCTCTGGATGGCAGTAGTC DQ912835.1 293
R: TAATCGTCTCGGTTGTGGC
MEF2A  F: TCACGAGAATAATGGACGAAC  NM_204864.3 158

R: AGTGCTGGCATACTGAAAGAG
MEF2D  F: CTTGATGAAGAAAGCCTACGAG  NM_001031600.3 173
R: TGATGTCCGCATTGGTCC

™M F: CTGTGCTATCCTCGTGTCAAG AF272033.1 202
R: CAAATCCAGCGATGTCCA

SM F: GCTCCACTCGCAGAACAC u8s022.1 89
R: CAGCATCCTCCACCTCG

IGF -1 F: GGTTGATGCTCTTCAGTTCGTA M32791.1 96
R: CCCTTGTGGTGTAAGCGTCT

IGF - 1t F: GGGACAGGGGCTTCTACTTC NM_001030342.3 142
R: CGCTCTGACTTGACGGACTT

B-actin  F: TGAAGCCCAGAGCAAAAGA Lo8185.1 275

R: TACGACCAGAGGCATACAGG

Myt5, myogenic factor 5; MyoG, myogenin; MRF4, myogenic regulatory factor 4; CAPN2,
calpain 2; GAPNS, calpain 3; CAST, calpastatin; MSTN, myostatin; MEF2A, myocyte
enhancer factor 2A; MEF2D, myocyte enhancer factor 2D; FM, fast myosin heavy chain;
SM, slow myosin heavy chain; IGF-1,insulin-like growth factor I IGF -, insulin - ike growth
factor II: -actin, beta-actin.
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NaHCO3 - 0.10
Mineral premix® 098 098
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2The mineral premix provided per kiogram of complete feed: Cu, 1.06mg; Fe, 84.67mg; Zn, 29.24mg; Mn, 4.43 mg.
©The vitamin premix provided per kiogram of complete feed: vitamin A, 6,500 1U; vitemin D, 2,000 1U; vitamin E, 16 1U; vitamin Ka, 2mg; vitamin By, 2mg; vitamin By, 5mg; vitamin
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S-Se, sodium selenite; S-Se + EM, sodium selenite + 0.5% EM; Y-Se, selenium yeast; Y-Se + EM, selenium yeast + 0.5% EM. S, Se source; E, EM level; S x E, interaction between Se source and EM level; Is,, inorganic Se; Ose,
organic Se; Hews, high EM; Zeus, low EM; Myf5, myogenic factor 5; MyoG, myogenin; MRF4, myogenic regulatory factor 4; CAPN2, calpain 2; CAPNS, calpain 3; CAST, calpastatin; MSTN, myostatin; MEF2A, myocyte enhancer factor
2A; MEF2D, myocyte enhancer factor 20; FM, fast myosin heavy chain; SM, slow myosin heavy chain; IGF- |, insulin-like growth factor I; IGF-Hl, insulin-like growth factor ll; -actin, beta-actin.

a~CValues of group in the same row with the same superscript or absence of a superscript were not significantly different (o > 0.05).

*Values of the main effect of S in the same row were significantly diferent (o < 0.05).
$Values of the main effect of E in the same row were significantly different (o < 0.05).
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S-Se, sodium selenite; S-Se + EM, sodium selenite + 0.5% EM; Y-Se, selenium yeast; Y-Se + EM, selenium yeast + 0.5% EM. S, Se source; E, EM level; S x E, interaction between Se source and EM level; Ise, inorganic Se; Ose,
organic Se; Heys, high EM; Zeus, low EM.

a~CValues of group in the same row with the same superscript or absence of a superscript were not significantly different (o > 0.05).

“Values of the main effect of S in the same row were significantly different (p < 0.05).
$Values of the main effect of E in the same row were significantly different (o < 0.05).
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S-Se, sodium selenite; S-Se + EM, sodium sefenite + 0.5% EM; Y-Se, selenium yeast; Y-Se + EM, selenium yeast + 0.5% EM. S, Se source; E, EM level; S x E, interaction between Se source and EM level; Is, inorganic Se; Ose,
organic Se; Hevs, high EM; Zeys, low EM.

~¢\Values of group in the same row with the same superscript or absence of a superscript were not significantly different (o > 0.05).

*Values of the main effect of S in the same row were significantly different (p < 0.05).

$Values of the main effect of E in the same row were significantly different (o < 0.05).
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