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The incidence of breast muscle anomalies, such as white striping (WS) and wooden breast (WB), has 

increased over the last two decades. These myopathies have different implications on the quality of poultry 

meat, which depending on the degree of the anomaly, may be rejected due to undesirable appearance or lower 

technological and nutritional characteristics. Despite the high economic impact, the causes of these 

myopathies have not yet been defined. The increased susceptibility of poultry to the oxidation process may 

influence the occurrence of hemorrhagic disorders and muscular dystrophies, necrosis, and fibrosis associated 

with myopathy with unknown etiology development. Coagulants such as ferric chloride (FC) used in the 

treatment of effluents can be involved in the feed peroxidation process. Our aim was to evaluate whether the 

peroxides generated by the presence of FC in poultries’ diets are related to myopathies. Broilers were treated 

with feed supplemented with 4, 8, or 12 mL FC/Kg of feed. The presence of WS and WB, feed peroxide 

indices (PI), mean weights, and feed conversion ratios were evaluated. The highest FC concentration 

indicated higher peroxide production. Addition of 4, 8 and 12 mL of FC yielded 60.0%, 70.0%, and 70.7% 

of myopathies, respectively, which indicated a possible relationship between food peroxidation and 

myopathies. Lipoperoxidation resulted in the lowest mean final weight and worsening of the feed conversion 

in the birds treated with 12 mL of FC. Feed with a high peroxide index is a factor that can increase the 

incidence of WB and WS. 
Keywords: carcass quality; coagulants; myopathy. 
 

A incidência de anomalias musculares no peito, como White Striping (WS) e Wooden Breast (WB), aumentou 

nas últimas duas décadas. Essas miopatias têm diferentes implicações na qualidade da carne de aves, que, 

dependendo do grau da anomalia, podem ser rejeitadas devido à aparência indesejável ou diminuição das 

características tecnológicas e nutricionais. Apesar do alto impacto econômico, as causas dessas miopatias 

ainda não foram definidas. O aumento da suscetibilidade das aves ao processo de oxidação pode influenciar 

a ocorrência de distúrbios hemorrágicos e distrofias musculares, necrose e fibrose associadas à miopatia com 

desenvolvimento etiológico desconhecido. Coagulantes como o cloreto férrico (CF) usado no tratamento de 

efluentes podem estar envolvidos no processo de peroxidação da alimentação. Nosso objetivo foi avaliar se 

os peróxidos gerados pela presença de CF nas dietas de aves estão relacionados a miopatias. Os frangos 

(n=240) foram tratados com ração suplementada com 4, 8 ou 12 mL de CF/kg de ração. Foram avaliadas a 

presença de WS e WB, índices de peróxido de ração (IP), pesos médios e razões de conversão alimentar. A 

maior concentração de CF indicou maior produção de peróxido. A adição de 4, 8 e 12 mL de CF produziu 

60,0%, 70,0% e 70,7% das miopatias, respectivamente, o que indicou uma possível relação entre peroxidação 

alimentar e miopatias. A peroxidação resultou no menor peso final médio e na piora da conversão alimentar 

nas aves tratadas com 12 mL de CF. A alimentação com um alto índice de peróxido é um fator que pode 

aumentar a incidência de WB e WS. 
Palavras-chave: qualidade de carcaça; coagulantes; miopatia. 
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1. INTRODUCTION 

Improvements in poultry production within the past 50 years have led to increased muscle yield 

and growth rate, which may be contributing to development of new muscle disorders in chickens, 

such as myopathies of idiopathic origin [1]. The incidence of breast muscle anomalies such as deep 

pectoral myopathy (DPM), dorsal cranial myopathy (DCM), white striping (WS), and wooden 

breast (WB) has increased over the last two decades [2, 3, 4, 5]. Some industry reports suggest up 

to 20% WB occurrence in fast growing heavy broilers with an estimated cost of more than US$500 

million/year to the US industry alone [5]. Myopathy has different implications on the quality of 

chicken meat. Depending on the degree of the anomaly, it may be rejected due to undesirable 

appearance or lower technological and nutritional characteristics [1, 2, 3, 4]. The meat affected by 

WB and WS exhibit poorer nutritional value, harder texture, and impaired water-holding capacity 

[6]. These myopathies led to increased carbonylation levels and more intense proteolytic processes 

[7]. 

The WS lesion is macroscopically characterized by white parallel striations in the same direction 

of the muscle fibers, visible on the ventral surface of the muscle, and usually present in the major 

pectoral muscles [8].  It is known that the incidence of WS is higher in broilers with high breast 

yield, in males with high growth rates, and in flocks receiving a high energy diet [9]. The WB lesion 

is characterized by a hardening of the breast muscle typically in the proximal region, which may 

also present whiteness, hemorrhage, and surface exudate [10]. Histologically, both conditions have 

been characterized with myodegeneration and necrosis, fibrosis, lipidosis, and regenerative changes 

[8] 

Despite the high economic impact, the causes of these myopathies have not yet been defined and 

their etiology is associated to multiple causative factors (genetics, muscle growth and development, 

management) [11]. One of the possible predisposing factors is bird nutrition, which has undergone 

changes over time in order to promote greater weight gain [10]. In order to add energetic value to 

the feed, oils and unsaturated fats are used as ingredients in the preparation of the broiler poultries’ 

diets. However, the fatty acids present in these oils have chemical structures susceptible to the 

peroxidation process. The peroxidation can be facilitated by high oxygen concentration, moisture, 

heat, metal presence, and lipoxygenases [12, 13]. The peroxidation of unsaturated fatty acids can 

cause inactivation of liposoluble vitamins and minerals in addition to degradation of amino acids 

and lipids in the muscular tissues, mainly within the pectoral region [14]. The presence of peroxyl 

radicals resulting from ingestion reduces the concentration of α-tocopherol observed in tissues [15, 

16]. 

The increased susceptibility of poultry to the oxidation process may influence the occurrence of 

hemorrhagic disorders and muscular necrosis, and fibrosis associated with myopathy with unknown 

etiology development. Gene selection for further development of the breast musculature 

accompanied by rapid growth rates made chickens particularly susceptible to oxidative stress [17]. 

In addition, the production of birds in warm weather and the supply of oxidized food accelerate 

oxidative stress in vivo [18]. 

Visceral oil used in the production of poultry feed is a secondary product obtained from processing 

in slaughterhouses, including the extraction of the oil present in effluents. Ferric chloride (FC) is 

one of the most common coagulants used in the treatment of effluents generated in slaughterhouses 

[19]. These effluents have high values of biochemical oxygen demand (BOD) and suspended solids 

[20]. Therefore, inorganic compounds, such as FC, eliminate phosphates, reduce the number of 

suspended solids, BOD, and fetid odors [21]. However, the excess of chemical compounds does 

not participate in the coagulation reaction and remains as a solution, which can cause cross 

contamination of the viscera oil. This excess coagulant may be associated with the peroxidation 

process in the feed. It is possible that feeding animals with oxidized fat would aggravate or 

accelerate the onset of the myopathy in animals already predisposed to the pathology owing to the 

fast growth [22, 23]. In this context, the aim of this study was to evaluate if the consumption of 

feed with peroxides generated by the presence of FC is related to the cases of WB and WS in 

broilers. 
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2. MATERIALS AND METHODS 

This study was conducted with the formal approval of Ethics Committee on the Use of Animals 

of the Universidade de Passo Fundo (UPF), under registry number 016/2015. 
 

2.1 Birds and Experimental Design 

A total of 240 one-day-old slow-feathering Cobb, male broiler, vaccinated for infectious 

bronchitis, Marek's and Gumboro's disease at the hatchery were randomly placed into 16 boxes (1.5 

× 1 m; 10 birds/m2, 15 birds each box) without being previously weighed. Water and feed were 

offered ad libitum, and the environmental temperature was set to provide physiological comfort. 

Four treatments with four replicates each were performed after considering the standard deviation 

of the variable responses of the study. The birds were fed commercial diets with specific 

formulations according to nutritional requirements for age [24]. The animals were weighed at 13th 

day and were distributed in the boxes according to the average weight obtained. From the 13th to 

the 49th day of age, the birds were fed diets added with different concentrations of ferric chloride 

(FC): (1) without addition of FC (Treatment 1); (2) 4 mL of FC/Kg of feed (Treatment 2); (3) 8 mL 

of FC/Kg of feed (Treatment 3); and (4) 12 mL of FC/Kg of feed (Treatment 4). The inoculation 

of ferric chloride in the feed was carried out five days before consumption. The animals were 

weighed every week, and the final mean weight and feed conversion obtained in each treatment 

were measured. 
 

2.2 Peroxide Index in Feed 

The physicochemical analyses to determine the feed peroxide index (PI) were carried five days 

after the addition of FC and prior to bird breeding, and these analyses were repeated weekly as 

described by Zenebon et al. (2008) [25]. Due to the strongly oxidizing action, the organic peroxides 

formed at the beginning of the rancidification process act on the release of iodine from the 

potassium iodide compound. The iodine is titrated with addition of sodium thiosulfate in the 

presence of the starch as indicator [26]. To determine the PI, 1g of lipid extracted from the sample 

in a flat bottom flask was used. Thirty milliliters of acetic acid and chloroform in a 3:2 ratio were 

added, and the sample was homogenized until it had dissolved. Subsequently, 0.5 mL of the 

saturated potassium iodide solution was added, and the solution was kept away from the light for 1 

min after which 30 mL of distilled water and 0.5 mL of indicator starch were added, and the 

peroxide level was titrated with sodium thiosulfate solution [25]. 
 

2.3 Oxidative Rancidity in Feed 

A Kreis Test was performed as previously described [25, 27] in order to evaluate oxidative 

rancidity in feed, which may cause odor and taste changes of oils and fats due to the decomposition 

of peroxides and formations of secondary compounds such as aldehydes. Five milliliters of molten 

substance from the feed were transferred to a beaker. Five milliliters of hydrochloric acid were 

added, and the material was homogenized for 30 sec. Five milliliters of the 0.1% phloroglucinol 

solution were then added. The material was shaken again for 30 sec, and the reaction was left to 

stand for 10 min. In the presence of rancid and acidic substances, phloroglucinol reacts with the 

oxidized triglycerides, resulting in a pink or red coloration, the intensity of which increases with 

deterioration due to the presence of aldehydes originating from the secondary oxidation. 
 

2.4 Detection of WS and WB 

The chickens were slaughtered at 49 days of age in a slaughterhouse under the supervision of 

the Federal Inspection Service. The carcasses from the experiment were separated during the 

evisceration process and were evaluated macroscopically for the presence or absence of WS and 

WB by trained professionals in the Department of Final Inspection. The carcasses were classified 

according to the type of injury in the pectoralis major muscle following characterization standards 

previously described in the literature [28, 29, 30]. Breasts were classified as normal when no 
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hardness and paleness areas (WB) or no distinct white lines (WS) were observed. The macroscopic 

lesions observed externally were confirmed by cutting the pectoralis major muscle. 
 

2.5 Statistical Analysis 

Data were subjected to statistical analysis using the PASW Statistic software (IBM®, Hong 

Kong). Descriptive statistics were used to determine the relative frequency of myopathy detection 

and for the determination of the means and the standard deviations of the zootechnical indices and 

the PI of the feed. For the comparison of the means of the indices, the parametric test, ANOVA and 

the Tukey test were used. The non-parametric chi-squared (χ2) test was used to compare myopathy 

detection among treatments. Significance was defined as p < 0.05. 
 

3. RESULTS AND DISCUSSION 

The Table 1 shows the peroxide index (PI) observed in the feed according to the administered 

FC concentration.  
 

Table 1 - Mean peroxide index and relative frequency of white striping and wooden breast in 49-day old 

broiler carcasses submitted to different treatments with addition of ferric chloride (FC) to the feed. 

Treatment 
Mean peroxide index 

(meq/kg) * 

Relative frequency 

of myopathies (%) 

Control 3.41± 1.14a 54.9a 

4 mL of FC/Kg 14.63 ± 11.38b 60.0a,b 

8 mL of FC/Kg 22.89 ± 9.9b 70.0b 

12 mL of FC/Kg 37.03 ± 16.16c 70.7b 

Different letters in the same column indicate significant difference by Tukey test (peroxide index) or chi-

squared test (myopathies frequency) (p<0.05). meq = milliequivalent. * Tolerance of peroxide in feed for 

broiler chickens= 4 meq/kg. 

 

 Increases in peroxide levels according to storage time have been reported in studies evaluating 

meat flour, corn, and cashew nut samples [31, 32, 33]. In the present study, treatments 2 (4 mL 

FC/Kg), 3 (8 mL FC/Kg) and 4 (12 mL FC/Kg) presented a higher peroxide index in relation to the 

treatment 1 (control). However, it was not observed a progressive increase in peroxide production, 

since there was no significant difference (p>0.05) between treatments 2 and 3. Foods with high 

lipid content are more susceptible to oxidation [34]. The PI is an analytical determination for 

evaluating the oxidation state of fats (rancidity), which is defined as the measurement of the reactive 

oxygen content and measured in milliequivalents of oxygen per 1000 g of lipid [35]. Even without 

addition of FC, PI in the feed was close to 4 meq/Kg, a tolerance level generally accepted for broiler 

chickens [36], probably due to the high amount of unsaturated fat in composition of the diet.  

Regarding the occurrence of myopathies according to the treatments (Table 1), it is observed 

that the similarity observed in the PI also reflected in the occurrence of myopathies. The addition 

of FC resulted in a significant (p<0.05) increase of these lesions for treatments 3 (8 mL FC/Kg) 

and 4 (12 mL FC/Kg) in relation to treatment 1 (control). However, there was no difference 

(p>0.05) in the occurrence of myopathies among treatments 2, 3 and 4. In addition, there is no 

significant difference (p>0.05) between the treatment 2 (4 mL FC/Kg) and the control. These results 

indicate that there is a possible relationship between food peroxidation and the development of 

these myopathies.  

Table 2 describes the lesions found for each treatment. Four birds naturally died during the 

experimental period and 22 seals were broken, leaving a total of 214 analysed carcasses. From the 

analysed carcasses, 64.01% (137/214) presented myopathies. From affected muscles, 18.25% 

(25/137) presented only WS, 11.68% (16/137) only WB, and in 70.07% (96/137) both lesions were 

detected. The results showed a significant association of the presence of both lesions in the same 

carcass (p<0.05). The concomitant presence of WB and WS is often observed at macroscopic 

evaluation of carcasses [6, 37]. 
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Table 2 – Relative (%) frequencies of white striping (WS) and wooden breast (WB) in 49-day old broiler 

carcasses submitted to different treatments with addition of ferric chloride (FC) to the feed. 

Treatment WS WB WS + WB 

Control 7.84a  3.92a 43.14ab 

4 mL of FC/Kg 21.82b 32.73a,b 5.45a,b 

8 mL of FC/Kg 6.00a 8.00a,b 56.00a 

12 mL of FC/Kg 10.34a,b 12.07b 48.28a 
Different letters in the same column indicate significant difference by Chi-squared test (p<0.05). 

 

Carcasses with WS showed muscle hypertrophy and stiffness and macroscopically exhibited 

whitish striations parallel to the muscle fibers and visible on the muscle surface. WB was 

characterized by hardness or paleness areas and, in some cases, haemorrhagic lesions, increased 

volume, and the presence of yellow fluid on the muscle surface. The macroscopic lesions observed 

were similar to those previously described [8, 38]. However, it is important to note that the initial 

or discrete lesions can be interpreted as normal pectoral muscles, even by trained professionals, 

found in commercial slaughterhouses [30].  These lesions share similar histopathological changes, 

characterized by infiltration of inflammatory cells, necrosis of muscle fibers, lower capillary 

densities, and variabilities in fiber size [39]. Some authors suggest that WB may correspond to the 

evolution of WS cases [17, 40]. The presence of oxidation metabolites in muscles affected by WB 

and by WS shows that accelerated growth factors affect vascular and muscular development, 

indicating that the peroxide and free radical formation in the diet is an additional cause that could 

accelerate the occurrence of these lesions [40].  

The action of oxidative stress as a trigger agent of myopathy in broilers has recently been 

described by Abasht et al. (2016) [40] and Sundekilde et al. (2017) [41], who verified the 

occurrence of WB associated with a significantly lower content of antioxidants such as anserine 

and carnosine. The presence of peroxide in the feed in actives amino acids and nutrients that have 

antioxidant actions and it may be possible that it also affects the levels of carnosine, anserine, and 

creatine in the muscle of the animals [40, 41]. In addition, chicken meat is traditionally recognized 

as highly sensitive to the oxidative process due to the higher level of muscle lipid unsaturation [42]. 

The evaluation of secondary oxidation products obtained via the Kreis test presented negative 

results in all analyses. Peroxides, which are primary oxidation products, are unstable intermediates, 

especially at high temperatures or in the presence of transition metals [22]. During their 

decomposition, secondary compounds of diverse nature as aldehydes, ketones, hydroxy acids, 

hydrocarbons, and polymers are produced and generally result in unpleasant odors [12, 27]. The 

absence of this type of oxidation in the analyses indicates that the feed did not present advanced 

degradation and that primary oxidation and free radicals are associated with myopathies. 

Table 3 shows the mean weights and feed conversion of birds receiving different treatments with 

addition of ferric chloride.  
 

Table 3 - Mean weight and feed conversion of 49-day-old broilers submitted to different treatments with 

addition of ferric chloride (FC) to the feed. 

Treatment Mean weight (g) Feed conversion 

Control 3,691 ± 0.35ª 1.59a
 

4 mL of FC/kg 3,658 ± 0.31ª 1.64a
 

8 mL of FC/kg 3,622 ± 0.28ª 1.64a
 

12 mL of FC/kg 3,381 ± 0.42b
 1.75b

 

Different letters in the same column indicate significant difference by Tukey test (p<0.05). 

 

 



M.W.M. Calasans et al., Scientia Plena 16, 070208 (2020)                                            6 

Feed consumption can be influenced by several factors, especially the dietary energy level and 

the palatability [12, 33]. In this study, the presence of substances generated from the oxidative 

process that negatively interferes in the taste and odor of the feed was not observed. However, the 

lipoperoxidation process, which decreases the energy value of the food due to the destruction of 

fatty acids [33, 43], resulted in the lowest mean of final weight and a higher feed conversion of the 

treated birds with 12 mL FC/Kg. This diet had an average peroxide index of 37.03 meq/Kg. 

Although oxidative stress resulted in biological damage and interfered in bird growth in a negative 

effect [44], no significant differences were observed in the final weight and feed conversion among 

the other treatments with a mean PI of 14.63 and 22.89 meq/Kg and the control group. Likewise, 

Engberg et al. (1996) [43] did not observe alteration of the feed conversion in 10-day-old broilers 

fed diets with 17 meq/Kg. 

Although the mean PI differed among some treatments, other factors probably influenced the 

results. In this context, we highlight the accelerated weight gain and the age of the birds [37,39] In 

the study by Sihvo et al. (2017) [45], it was observed that the first reported cases of WB were 

characterized by focal lesions in 18-day-old birds. In the subsequent age groups, WB occurred in 

48% to 73% of the birds, and lesions were generally diffuse and rigid. Likewise, we found 

preliminary results in which WS and WB were significantly less frequent in birds kept up to 42 day 

receiving treatments with and without FC addition to their feed. In that case, treatments with no FC 

addition, with 4 mL and 8 mL of FC/Kg showed 32.00%, 48.93% and 57.77% of birds with 

myopathies, respectively (data not shown). 

Therefore, some nutritional strategies are cited as attempts to reduce the incidence and severity 

of myopathy in broilers. In relation to the lesions caused by oxidative stress that was observed in 

this study, previous studies suggest the reduction of the polyunsaturated lipid concentration in 

tissues through modifications in the lipid composition of the feed and with the supplementation of 

α-tocopherol and ascorbate or in combination with other elements such as selenium and vitamin E 

with potential antioxidant activity [15, 46, 47]. However, increasing levels of selenium 

supplementation to the diet can also increase the birds’ weight gain, and consequently favor the 

appearance of myopathies [48]. Thus, careful storage, formulation, and cross-contamination of 

viscera oils used for the production of feed are factors that should be considered in order to reduce 

the incidence of these emerging myopathies and may be evaluate in the future by our group. 

4. CONCLUSION 

The causes of WB and WS have not yet been elucidated and their etiology is probably linked to 

multiple causative factors. We observed that feed supplemented with FC presented an increase in 

the frequency of lesions, with a significant difference of treatments with 8 and 12 mL of FC/Kg in 

relation to the control. These results indicate that a high feed peroxide index is a factor that can 

increase the incidence of breast muscle anomalies, such as WS and WB.  
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