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INTRODUCTION
 Wooden breast myopathy (WB) has arisen primarily in

pectoralis major (p. major) muscle in commercial broilers
and results in significant economic losses (1, 2).

 It is characterized by palpation of a rigid p. major muscle
that is under oxidative stress and inflammation (3, 4).

RESULTS

DISCUSSION AND CONCLUSION
 Microscopic evaluation of WB score suggests a beneficial

effect of VE supplementation during the grower phase on
reducing the severity of WB. Genes associated with muscle
growth and responses to inflammation were differentially
expressed in the dietary treatments.

 Muscle morphology and gene expression results are
consistent and are closely related with muscle development
and myofiber regeneration indicating a positive effect of VE
supplementation during the grower phase on improving
muscle morphology and reducing muscle inflammation.

 In conclusion, VE supplementation during the grower phase
(11 to 24 d) may reduce the severity of WB which will benefit
the broiler industry.
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Fig. 1 Representative photomicrographs of samples with wooden
breast (WB) score of 0 (A), 1 (B), 2 (C), and 3 (D). Samples with
WB score of 0 have minimal or no necrotic or fibrotic attributes,
and have normal perimysial connective tissue. Samples with a
score of 3 have the most severe necrotic and fibrotic features.
Samples with a score of 1 and 2 have intermediate necrosis and
fibrosis. C = Collagen; P = Perimysial connective tissue; E =
Endomysial connective tissue; N = Necrotic myofibers. The boxes
contain enlargements of the collagen. Scale bar = 100 μm.

Fig. 2. Effect of vitamin E (VE) and omega-3 (n-3) fatty acids on
wooden breast (WB) score of the breast muscle. Broilers in
Starter VE, Starter n-3, and Starter VE and n-3 groups were fed
with diets with dietary VE (200 IU/kg), n-3 fatty acids (n-6/n-3
ratio of 3:1), or combination of both in the starter phase (0 to 10
d). Broilers in Grower VE, Grower n-3, and Grower VE and n-3
groups were fed with diets with dietary VE, n-3 fatty acids, or
combination of both in the grower phase (11 to 24 d). Score 0 =
none, 1 = mild, 2 = moderate, 3 = severe.

In the control group, the distribution of WB score was with no
WB 71% (score of 0), mild WB 16% (score of 1), moderate WB
8% (score of 2), and severe WB 4% (score of 3). Supplemental
VE in grower diets increased the percentage of p. major muscle
with no WB (score of 0) to 82%.

Item Treatments P1 2 3 4 5 6 7
Average fiber width, μm 45.87 47.54 46.55 47.90 45.36 46.75 46.75 0.77
Fiber width < 20 μm, % 6.57 5.16 6.50 6.32 6.22 6.86 7.07 0.72
Fiber width ≥ 70 μm, % 8.08ab 8.35ab 9.20ab 12.98a 5.96b 10.25ab 9.21ab 0.39
Perimysium, μm 21.97 23.37 21.46 21.09 22.34 20.33 19.9 0.93
Endomysium, μm 7.16 7.08 7.05 7.35 7.05 6.83 7.26 0.97
Morphology score 2.70ab 2.57ab 2.68ab 2.65ab 2.85a 2.46b 2.57ab 0.48

Fig. 3 Heat map for pectoralis major muscle of broilers with
different early post-hatch dietary treatments. The heat map was
generated by RStudio with the R pheatmap package using the
expression of each gene (in rows) and treatments (in columns).
The normalized expression values are color-coded according to
the legend. Redness represents genes are up-regulated while
blueness represents genes are down-regulated compared to the
control group.

Table 1. Effect of vitamin E and omega-3 fatty acids on fiber width,
perimysial and endomysial connective tissue space, and morphology
score of pectoralis major muscle of broilers

Note: Treatment 1 is the control group. Dietary treatments of 2 to 7 are
Starter VE, Starter n-3, Starter VE and n-3, Grower VE, Grower n-3, and
Grower VE and n-3, respectively. Broilers in Starter VE, Starter n-3, and
Starter VE and n-3 groups were fed with diets with increased level of VE
(200 IU/kg), n-3 fatty acids (n-6/n-3 ratio of 3:1), or combination both in the
starter phase (0 to 10 d). Broilers in Grower VE, Grower n-3, and Grower VE
and n-3 groups were fed with diets with increased level of VE, n-3 fatty
acids, or combination both in the grower phase (11 to 24 d).

Wider diameter muscle fibers (width > 70μm) were found in the
group supplemented with VE and n-3 fatty acids in the starter diet
compared to the group fed with VE in the grower diet (P = 0.02).
Vitamin E supplementation during the grower phase improved
morphological structure of the p. major muscle compared to the
group supplemented with n-3 fatty acid during the grower phase
(P = 0.04).

The expression of selectin E (SELE) was increased when
broilers were fed with dietary VE in the grower diet compared to
the control diet (P = 0.02) or dietary n-3 fatty acid in the grower
diet (P = 0.01). Supplemental VE in the grower diet significantly
increased expression of myogenic differentiation factor 1
(MyoD1; P = 0.04) and decreased expression of transforming
growth factor beta 1 (TGFβ1; P = 0.02) compared to VE and n-3
supplementation in the starter diet, and increased expression of
lactate dehydrogenase A (LDHA) compared to n-3 fatty acid
supplementation in the starter diet (P = 0.05).

MATERIALS AND METHOD
 Birds and Experimental Diets: A total of 210 Ross 708

broilers were divided into 7 treatments with 10 replicates.
The control group was fed a basal diet during the entire
study (0 to 58 d). Supplementation of VE (200 IU/kg), n-3
fatty acids (n-6/n-3 ratio of 3:1), or combination of both
was fed during starter phase (0 to 10 d) or grower phase
(11 to 24 d). Broilers were harvested at 58 d.

 Pectoralis Major Muscle Morphology: P. major muscle
fiber width, perimysial and endomysial connective tissue
space, morphology and WB scores were evaluated.
Morphology score (scores of 1 to 5) was assessed with a
higher score representing greater well-structured muscle
fibers and ample connective tissue spacing. WB score
was obtained based on degree of necrosis and fibrosis (0
to 3) with a higher score indicating higher severity (Fig. 1).

 Nanostring nCounter Gene Expression Analysis: P.
major muscles were used to determine gene expression
level, which was conducted through the Nanostring
nCounter Analysis System. Four housekeeping genes
and 21 genes related with muscle formation and growth,
oxidative stress and inflammation, cell structure and
migration, calcium regulation, and glucose metabolism
were selected as target sequences to be measured.

 Statistical analysis: Morphological parameters were
analyzed using PROC MIXED procedure of SAS. Gene
expression was analyzed with Nanostring analysis.
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 Vitamin E (VE) has antioxidant property (5) and omega-3
(n-3) fatty acids have an anti-inflammatory effect (6).

 Synergistic effects of VE and n-3 fatty acids have been
found to reduce meat oxidation and inflammation (7).

 Hypothesis: Dietary VE and n-3 fatty acids will reduce the
severity of WB, improve p. major muscle structure, and
influence expression of genes associated with muscle
development, oxidative stress and inflammation.

 Objectives: To identify effects of dietary VE and n-3 fatty
acids independently or in combination when supplemented
during starter phase (0 to 10 d) or grower phase (11 to 24
d) on severity of WB, morphological structure of p. major
muscle, and expression of genes related with muscle
development, oxidative stress, and inflammation, and to
determine the most beneficial supplementation period.
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