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I INTRODUCTION

Chicken with fast growth rate and high breast yield have been selected to meet the growing poultry
consumption demands [1]. However, the high growth rate has been linked to increased prevalence of
wooden breast (WB) myopathy, exhibiting histological alterations including polyphasic
myodegeneration and connective tissue accumulation [1], and metabolic disturbances [2]. Although
the etiology of this disease remains unclear, WB pathogenesis is linked to oxidative stress [1]. In this
study, glycolytic potential, and activities of citrate synthase and selected antioxidant enzymes were
determined to explore the changes on the level of glycogen, mitochondria functionality and oxidative
stress in WB muscles. In addition, total myofiber area, the area occupied by undamaged myofibers,
was also measured to compared how the changes of glycolytic potential and citrate synthase correlate
with total myofiber area in normal and WB muscles.

I. MATERIALS AND METHODS

Sample processing, WB evaluation and citrate synthase measurement were conducted according to
Li et al. (2022). Total glucose was measured with a Roche diagnostic kit, lactic acid content with a
Boehringer Mannheim diagnostic kit, and glycolytic potential was calculated according to Monin et al.
(1985). Antioxidant enzyme activities were determined according to Carvalho et al. (2017). Total
myofiber area was estimated applying histomorphometry. The data were analysed by means of IBM
SPSS Statistics 26 program.

1. RESULTS AND DISCUSSION

In this study, glycolytic potential, activities of citrate synthase and antioxidant enzymes were used as
indicators to respectively reflect glycogen level, mitochondrial functionality and oxidative stress level
in muscles. Compared to normal muscles, WB muscles showed significantly lower level of total
glucose, lactate, and glycolytic potential indicating a reduction of glycogen (Table 1). In agreement,
Baldi et al. (2020) found a significant decrease of lactate, glucose content and glycolytic potential in
WB muscle 24h post-mortem and they proposed that lower glycolytic potential in affected muscles
indicates that reduced substrate (glycogen) supply may compromise glycolysis. Decreased citrate
synthase activity indicated that mitochondrial functionality was impaired in WB muscle. However, no
significant difference between normal and WB muscle was observed in glycolytic potential and citrate
synthase activity when normalized to myofiber area (Table 1). This result demonstrates that these two
indicators decrease at similar rate as the muscle fibers, and the lower values in WB muscles thus
derives from the smaller volume of functioning fibers, not the properties of the fibers.



Moreover, WB muscles exhibited significantly higher activities of catalase, superoxide dismutase and
glutathione peroxidase. Similar results also found by Pan et al. (2021). These results imply a higher
level of oxidative stress in affected birds. Oxidative stress has been widely considered as an important
factor related to WB development and may contribute to the imbalance of pro-oxidants and
endogenous antioxidants, which will lead to the accumulation of reactive oxygen species (ROS) and
overproduction of free radicals induced by hypoxia [1]. Increased activity of antioxidant enzymes could
be a response of the muscle to reduce the formation of excessive free radicals aiming to counteract
oxidative stress. In addition, oxidative stress may also promote mitochondrial damage leading to
muscle fiber dysfunction and changes in metabolism, including carbohydrate metabolism [2].

Table 1. Glucose and lactate concentrations, glycolytic potential, and citrate synthase and antioxidant
enzyme activities in the normal and wooden breast pectoralis major muscle.

n Glucose Lactate Gly.pot. CS CAT SOD GPx Gly.pot/ CSITMA
umol/g umol/g  umol/g  pumol/ u/ u/ u/ TMA umol/
(ml*min) g protein g protein g protein  umol/g/%  (mI*min)/%
Normal 12 6.12 1052 1172 2.12 482 302 0.432 1.372 0.0242
WB 23 2.0° 93k ogP 1.70 77° 41k 0.69° 1.552 0.0262
SEM 0.46 2.9 3.2 0.058 3.3 14 0.041 0.069 0.001
Eﬁe CtS *%* * *% *% *% ** ** n S n S

Glycolytic potential and citrate synthase activity are also expressed divided by total myofiber area. SEM: standard error of
mean. Within each indicator, superscripts without the same letter differ (P < 0.05). WB: wooden breast; Gly.pot.: glycolytic
potential; CS: citrate synthase; CAT: catalase; SOD: superoxide dismutase; GPx: glutathione peroxidase; TMA: total
myofiber area. n: the number of breast fillets. One unit (U) of CAT activity is the amount of extract needed to decompose |
pmol of H202 per min. One unit of SOD is the amount of extract needed to inhibit the pyrogallol autoxidation by 50%. GPx
activity is the amount of extract needed to oxidise 1 pymol of NADPH per min at 25 °C. ** P < 0.01; * P < 0.05; ns: not
significant.

V. CONCLUSION

Both glycolytic potential and citrate synthase activity decreased in WB muscle, while activity of
antioxidant enzymes increased, suggesting that WB exhibits higher oxidative stress accompanied by
mitochondrial dysfunction and reduced level of glycogen. The glycolytic potential and citrate synthase
values, normalized to the total fiber area, do not differ in normal and WB muscles, suggesting that
energy metabolism of unaffected fibers are similar in both muscles, but their relative volumes differ.
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