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Abstract 
The White Striping (WS) is one of the most prevalent pectoral myopathies in chickens 
affecting meat quality. Its etiology, as well as the influence of diet, age and line, remains 
unclear. Therefore, effects of broiler line, nutrition and age were investigated to better 
understand and identify possible causative mechanisms triggering the onset and the 
progression of WS myopathy in the breast of broiler chickens. The most relevant macroscopic 
lesion observed was white striations on the surface of the breasts. For the lesion identified 
macroscopically, Ross had an odds ratio of 8.43 in relation to TT line, while for the 
microscopic lesion the odds ratio was 22.52. The high-performance diet had an odds ratio of 
1.76 in relation to the regular diet for the macroscopic lesions only. Therefore, we have shown 
that the presence of WS increases with age even in broiler lines that have slower growth rate 
than commercial lines.  
 
Introduction  
In recent years, pectoral myopathies are among the main challenges of the poultry industry, 
since they negatively affect the sensorial and technological quality of meat (Kato et al., 2019). 
Among the disorders that affect the breast muscles of fast-growing broilers, one of the most 
prevalent is the White Striping (WS), which consists macroscopically of the presence of 
superficial striated fat deposition that runs parallel to the muscle fibres. It affects meat quality, 
increasing the downgrading percentages and condemnation of breast fillets (Kuttappan et al., 
2013). The histological features mostly observed are myodegeneration, interstitial 
inflammation, infiltration of connective tissue and lipidosis (Vanhatalo et al., 2021). The 
etiology of pectoral myopathies has been associated with several factors, from the rapid 
growth rate to the high-calorie diets and specific genotypes (Petracci, et al., 2015). Moreover, 
heritability estimates for WS in different broiler lines suggest a relevant genetic component 
for the manifestation of WS (Lake et al., 2021). Nowadays, whole transcriptome studies are 
making it possible to advance in the knowledge of the genetic mechanisms associated with 
WS (Marchesi et al., 2018). However, a large amount of data from studies evaluating the 
physiological and histopathological changes in the Pectoralis major muscle across ages and 
lines are essential to achieve a comprehensive picture of the disorder. Hence, effects of broiler 
line, nutrition and age were investigated to identify possible causative mechanisms triggering 
the onset and the progression of WS myopathy in the breast of broiler chickens. 
 
Material and Methods  
This study was conducted with two lines of broiler chickens: a paternal broiler line developed 
by the Embrapa Swine and Poultry National Research Centre called TT and a commercial line 
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of fast-growing broilers Ross AP 91. The TT pure line has been maintained under multi-trait 
selection, in open sided poultry houses, since 1992, in Concordia, Santa Catarina State, in the 
south of Brazil. The main traits under selection in TT pure line are body weight (BW), feed 
conversion, breast size (mass selection), carcass and cuts yield, abdominal fat (indirect 
selection based on non-selected sibs), fertility, hatchability of fertile eggs and chick viability 
(independent culling levels). For more information see Marchesi et al. (2018).  
 
Experimental design. In this study, a 2x2 factorial design was used, with two broiler lines 
(Ross and TT) and two diets (normal and superior). About 2000 male broilers were raised in 
60 boxes with 34 animals each. The diets were recommended for regular (2950-3050 kcal 
ME/kg; 24.4 - 21.2% CP) and high performance (3250 - 3200 kcal ME/kg; 22 - 24% CP) of 
broilers, according to the Brazilian Tables for Poultry and Swine (Rostagno, 2017).  
 
Histopathological analysis. Approximately 30 chickens of each line and diet were weighed 
and slaughtered by cervical dislocation at 28, 35 and 42 days of age, following the procedures 
of the Ethics Committee for Animal Use (CEUA) from the Embrapa Swine and Poultry 
National Research Centre, under protocol # 08/2019. At necropsy, breast of all animals were 
visually evaluated for presence of superficial medium-to-thick white striations in the cranial 
part of the fillet or absence of WS (no white striations) (Kuttappan et al., 2013). 
Subsequently, samples of 2 cm2 from the centre-cranial part of pectoralis major were 
collected and fixed by immersion in 10% neutral buffered formalin. Fixed tissue sections 
were dehydrated and embedded in paraffin wax, and transverse and longitudinal fibre segment 
for each sample were sectioned at 4 mm and stained with hematoxylin and eosin (HE) for 
morphologic evaluation. 
 
Statistical analyses. A logistic regression was applied to analyse WS as a categorical trait (0 - 
control and 1- affected) with a model considering the fixed effects of age, line, diet and their 
interactions, which were performed using the Logistic procedure of the Statistical Analysis 
System© (SAS, 2012). This analysis was complemented with the evaluation of the association 
between the presence of the lesions with broilers body weight at slaughter. We also performed 
a χ2 test for the association between the micro and macroscopic evaluation of lesions. 
 
Results  
The observed means for body weight at 42 days of age (BW42) for Ross receiving the high 
performance diet was 3,349.93 (260.25) and for the regular diet was 3,237.97 (246.46). For 
the TT line, the observed BW42 was 2,809.23 (173.36) with the high performance diet and 
2,806.90 (219.26) with the regular diet. 
 
Pathology. The most relevant macroscopic lesion observed was white striations on the surface 
of the breasts. The main histological features of WS affected breast muscles from both broiler 
lines were mild to severe degeneration of muscle fibres, moderate to severe degeneration of 
muscle fibres associated with proliferation of connective tissue and deposition of adipocytes, 
and mild to severe degeneration of muscle fibres along with mild to severe increased of fat 
infiltrations (lipidosis). 
 
Statistical analyses. The results from the logistic regression showed significant effects of line, 
diet and age for the presence of macroscopic lesions of WS in the broilers breasts. The 
microscopic lesions of WS were influenced only by line and age effects. There was an 
increase in the occurrence of lesions with age and the commercial line Ross showed more WS 



lesions than the TT line. Interestingly, at 28 days of age, the TT broilers showed no 
histological lesions (Figure 1A and 1B). For the lesions identified macroscopically, Ross had 
an odds ratio of 8.43 in relation to TT line, while for the microscopic lesions the odds ratio 
was 22.52. The high-performance diet had an odds ratio of 1.76 in relation to the regular diet 
for the macroscopic lesions only.   
 

 
Figure 1. Prevalence and standard error of macroscopic (A) and histologic (B) presence 
of white striping in TT and Ross broilers breasts by age. 
 
A negative association between body weight at slaughter and the presence of WS lesions was 
observed. However, this result was not consistent, since this association was significant for 
macroscopic lesions only at 42 days of age for both lines and for microscopic lesions only at 
28 days for Ross and 42 days for TT (results not shown). There was a positive association 
(p≤0.05) between the macro and microscopic detection of WS lesions (Table 1), with an 
accuracy of 243/335. 
 
Table 1. Association between macroscopic and microscopic evaluation of lesions. 

Macroscopic lesions Microscopic lesions Total Absent Present 
Absent 118 (65.92%) 61 (34.08%) 179 

Present 31 (19.87%) 125 (80.13%) 156 

Total 149 186 335 
 
Discussion 
In the present study, histopathological changes occurring in WS indicate that the degenerative 
myopathy observed could be associated with increased growth rate in birds, since both gross 
and microscopic lesions were significantly influenced by genetic line. Swatland (1990) 
suggested that fast-growing broilers have muscles that outgrow their life support systems 
causing muscle damage. Moreover, it was observed an increase in the occurrence of lesions 
with age. The prevalence of WS lesions in the commercial line was much higher than in the 
TT in all evaluated ages, although the shape of the curves was similar. Interestingly, at 28 
days of age, no microscopic lesion was detected in TT broilers.  This result can be explained 
because the TT line was in its 27th generation of annual selection, while the commercial lines 
are originated from many more generations of continuous selection. The high performance 
diet was used especially to try to induce TT to develop white striping, as this line is a slower-



growing line compared to Ross. The reason for the high-performance diet had an effect only 
in the macroscopic lesions of WS is still to be clarified. In our study, the association of WS 
lesions with body weight was significant only for specific ages, although we have not 
evaluated this association with breast weight and yield. We also observed a high concordance 
between the macro and microscopic detection of WS lesions, especially when WS was 
present.  
 
Selection for breast yield traditionally focus on ages targeting hypertrophy, which occurs 
normally between 6 and 8 weeks of age, rather than hyperplastic growth. This results in 
increase in fibre size rather than fibre number, which could favour myopathies occurrence 
(Orlowski et al., 2021). Therefore, we have shown that the presence of WS increases with age 
even in broiler lines that have slower growth rate than commercial lines. More physiological 
and histopathological data from chicken myopathies across different ages and genetic lines 
can provide essential information to help interpretate and better explore future integrated 
analyses from the omics methodologies such as RNA-seq, GWAS, exome and epigenome. 
 
Acknowledgements 
This study was financed by the Brazilian Agricultural Research Corporation (EMBRAPA) 
project # 10.19.03.034.00.00. LTF is supported by a visiting specialist fellowship from the 
National Council of Scientific and Technological Development (CNPq) grant # 380282/2021-
6 and MSDP by a Fundação de Amparo à Pesquisa e Inovação do Estado de Santa 
Catarina  (FAPESC) scholarship. MCL and FCT are CNPq productivity fellows. We thank 
the Coordenação de Aperfeiçoamento de Pessoal de Nível Superior (CAPES), Brazil – 
Finance Code 001 for the free access to the journals used in the literature review. 
 
References  
Kato T, Mastelini SM, Campos GFC, et al. 2019. Asian-Australas J Anim Sci. 32(7):1015–
1026. doi: http://doi.org/10.5713/ajas.18.050.  
Kuttappan, V. A., Shivaprasad, H. l., Shaw, D. P., Valentine, B. A., Hargis, B. M., Clark, F. 
D., et al. 2013. Poult. Sci. 92. doi: http://doi.org/10.3382/ps.2012-02646.  
Lake, J. A., Dekkers, J. C. M., and Abasht, B. 2021. Sci. Reports. 11: 6785. doi: 
http://doi.org/10.1038/s41598-021-86176-4.  
Marchesi, J. A. P. et al. 2018. Animal 12: 1126–1134. doi: 
http://doi.org/10.1017/s1751731117002671 
Petracci, M., Mudalal, S., Soglia, F., and Cavani, C. 2015. Worlds. Poult. Sci. J. 71. doi: 
http://doi.org/10.1017/S0043933915000367.  
Orlowski, S.K., Dridi, S., Greene, E.S., Coy, C.S. et al. 2021. Front Physiol. 12:712095. doi: 
http://doi/org/10.3389/fphys.2021.712095.  
Rostagno, H.S., Albino, L.F.T., Hannas, M.I., Donzele, J.L. et al. 2017. Tabelas Brasileiras 
para Aves e Suínos: Composição de Alimentos e Exigências Nutricionais. Departamento de 
Zootecnia-UFV, Viçosa, 488 p. 
Sas Institute Inc. System for Microsoft Windows, Release 9.4, Cary, NC, USA, 2002-2012.   
Swatland, H. J. 1990. Can. Inst. Food Sci. Technol. J. 23, 239–241. doi: 
http://doi/org/10.1016/s0315-5463(90)70251-9.  
Vanhatalo, O. E., Henderson, J. D., De La Torre, U., Garrity, C. R., Pechanec, M. Y., 
Mienaltowski, A., et al. 2021. Poult. Sci. 100. doi: http://doi.org/10.1016/j.psj.2021.101020.  

http://doi.org/10.5713/ajas.18.050
http://doi.org/10.3382/ps.2012-02646
http://doi.org/10.1038/s41598-021-86176-4
https://doi.org/10.1017/s1751731117002671
http://doi.org/10.1017/S0043933915000367
http://doi/org/10.3389/fphys.2021.712095
http://doi/org/10.1016/s0315-5463(90)70251-9
http://doi.org/10.1016/j.psj.2021.101020

