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INTRODUCTION

Brazil occupies the top position of 
beef production and exportation in the world. 
The Brazilian beef herd is composed mainly of 
Bos indicus cattle, represented by Nellore breed 
(FERRAZ & FELÍCIO, 2010). Nellore cattle are 
well-adapted to Brazilian climatic conditions and 

production systems, which is pasture-based with 
implementation of finishing diets (FERRAZ & 
FELÍCIO, 2010; FREITAS et al., 2013). During 
the finishing period, the cattle are raised in feedlots 
for 3–4 months and fed with grain-based (corn) or 
forage-based (grass silage and sugar cane) diet, in 
order to improve carcass fat deposition and weight 
gain (FREITAS et al., 2013).
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ABSTRACT: The aim of this research was to investigate the influence of muscle type on protein oxidation, texture profile (hardness, 
springiness, cohesiveness and chewiness) and proximate composition of beef from grain-finished Bos indicus (Nellore) cattle in Brazil. The 
muscles longissimus lumborum (LL) and psoas major (PM) were collected 24 h post mortem from eight (n=8) Nellore bull carcasses, fabricated 
into five steaks (1.5-cm) and displayed under aerobic conditions for nine days at 4 °C. Proximate composition and texture profile were analyzed 
on day 0, whereas protein oxidation was analyzed during 9 days of storage. LL exhibited greater (P<0.05) protein concentration than PM 
steaks, whereas PM demonstrated greater (P<0.05) lipid and ash content than their correlative LL. In addition, LL steaks exhibited greater 
(P<0.05) hardness, springiness, cohesiveness and chewiness than PM steaks. In contrast, protein oxidation was greater (P<0.05) in PM than 
in LL steaks throughout the storage. The results suggest that the differences of muscle metabolism and composition contributed to the variation 
on biochemical attributes and texture profile of LL and PM steaks. Muscle-specific strategies are indicated to improve the color stability of PM 
steaks from grain-finished Bos indicus cattle.
Key words: beef texture, muscle type, Nellore, oxidation stability.

RESUMO: O objetivo desse estudo foi investigar a influência do tipo muscular na oxidação proteica, perfil de textura (dureza, elasticidade, 
coesividade e mastigabilidade) e composição centesimal da carne de bovinos Bos indicus (Nelore) terminados com grãos no Brasil. Os 
músculos longissimus lumborum (LL) e psoas major (PM) foram obtidos 24 horas post mortem de oito (n=8) carcaças de touros Nelore, 
cortados em cinco bifes (1,5 cm), e dispostos em condições aeróbicas por nove dias a 4 °C. Composição centesimal e perfil de textura foram 
analisados no dia 0, enquanto que a oxidação proteica foi analisada durante 9 dias de estocagem. Os bifes LL demonstraram maior (P<0.05) 
concentração de proteína em relação aos bifes PM, enquanto que PM apresentou maior (P<0.05) conteúdo de lipídeos e cinzas que LL. 
Além disso, os bifes LL exibiram maior (P<0,05) dureza, elasticidade, coesividade e mastigabilidade em relação aos bifes PM. Em contraste, 
a oxidação proteica foi maior (P<0,05) nos bifes PM do que nos bifes LL em todos os dias de estocagem. Os resultados sugerem que as 
diferenças no metabolismo e na composição muscular contribuíram para a variação nos atributos bioquímicos e perfil de textura entre os 
bifes LL e PM. Estratégias músculo-específicas são indicadas a fim de promover a estabilidade de cor nos bifes PM oriundos de bovinos Bos 
indicus terminados com grãos.
Palavras-chave: textura da carne bovina, tipo muscular, Nelore, estabilidade de oxidação.
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Muscles in a beef carcass demonstrate 
differences in biochemistry and composition 
(HWANG et al., 2010), and muscle source is a major 
intrinsic factor influencing texture (LORENZO et al., 
2013; LANG et al., 2016) and oxidative stability of 
beef (CANTO et al., 2016).

 Beef longissimus lumborum (LL) is 
composed of glycolytic fibers, whereas psoas 
major (PM) is composed mainly of oxidative 
fibers (HWANG et al., 2010); both demonstrate 
differences in chemical composition, affecting 
texture parameters (STOLOWSKI et al., 2006) and 
influencing the susceptibility of meat to oxidative 
deterioration (CANTO et al., 2016).

Among intrinsic factors, breed 
plays an important role in texture parameters 
(STOLOWSKI et al., 2006; NIAN et al., 2017). 
Meat from Bos indicus cattle contains higher 
calpastatin levels than the meat from Bos taurus 
cattle, which in turn negatively affects beef texture 
(HIGHFILL et al., 2012). In addition, breed also 
influences the oxidative stability of fresh beef 
(CANTO et al., 2016). Nellore (Bos indicus) cattle 
are characterized by their excitable temperament, 
which influences ante mortem handling practices, 
favoring the process of meat oxidation during the 
post mortem period.

Diet also influences on texture and 
oxidative capacity of meat (NIAN et al., 2017). 
Compared to pasture-fed, meat from grain-fed cattle 
contains high intramuscular fat content and marbling, 
which is associated to the increase of juiciness and 
texture-related scores (NIAN et al., 2017; HWANG et 
al., 2017). Nevertheless, fresh meat from pasture-fed 
cattle contains high content of natural antioxidants 
(TANSAWAT et al., 2013), which in turn, exerts a 
protective effect against oxidation.

Nonetheless, the present study aimed 
to investigate the protein oxidation, texture profile 
and proximate composition of muscles longissimus 
lumborum and psoas major, obtained from Bos 
indicus (Nellore) cattle finished in grain, during nine 
days of storage (4 °C).

MATERIALS   AND   METHODS 

Experimental design
Eight (n=8) carcasses from Nellore (Bos 

indicus) bulls were used in this experiment. The 
bulls were pasture-fed until 15-21 months of age 
and subsequently allocated in feedlots, in which 
were fed with grain-based (corn) diet. The animals 
were harvested at 18-24 months age in an abattoir 

with federal inspection service (Espirito Santo, 
Brazil). After 24 h post mortem the carcasses 
exhibited an average cold weight of 285.0 kg, and 
average of muscle pH of 5.55 in LL and 5.67 in PM. 
After the pH measurement, the LL and PM muscles 
were excised from the right sides of the carcasses 
vacuum packed and shipped under refrigeration 
(4 °C) to the Universidade Federal Fluminense 
(Niteroi, Rio de Janeiro, Brazil). Five steaks (1.5-
cm thick) were cut from each LL and PM muscle 
and placed individually onto polystyrene trays 
with absorbent pads, over-wrapped with oxygen-
permeable polyvinyl chloride (PVC film;15,500 – 
16,275 cm3/m2/24 h oxygen transmission rate at 23 
°C), and assigned for 0, 5 and 9 days of refrigerated 
(4 °C) storage in darkness. Analyzes of proximate 
composition and texture profile were performed on 
day 0, whereas the evaluation of protein oxidation 
was performed at three different time-points (days 
0, 5 and 9). The analyses were performed in 
duplicate.

Proximate composition
The content of moisture, protein, and 

ash were determined according to the methodology 
described by AOAC (2012).The content of total lipid 
was determined according to BLIGH &DYER(1959).

Texture profile analysis
The texture profile analysis (TPA) was 

performed using a texture analyzer (TA.XT Plus; 
Stable Micro System, United Kingdom) equipped with 
a cylindrical metal probe (72 mm diameter) according 
to HUIDOBRO et al. (2005). Cubes of 1.0 cm×1.0 
cm×1.0 cm were obtained from LL and PM muscles 
at 10 °C, and subjected to compression of 75% of 
their height in two cycles: pre-test (3 mm/s), test (1 
mm/s), and post-test (3 mm/s), with interval between 
compressions of 2 s. Each sample was tested four 
times, and the average of readings were considered 
before statistical analyses. Texture Exponent Software 
(Stable Micro System, United Kingdom) was utilized 
to process the data obtained, expressed as hardness, 
springiness, cohesiveness and chewiness. 

Protein oxidation
Protein oxidation was determined according 

to OLIVER et al. (1987) with modifications proposed 
by ARMENTEROS et al. (2009) and MERCIER et al. 
(1998). LL and PM samples (3 g) were homogenized 
with 30 mL of KCl (0.15 M; pH 7.4) using a Turrax 
(T18 basic; IKA, Wilmington, USA) for 90 seconds. The 
homogenates (0.1 mL) were separated into two parts and 



Influence of muscle source on proximate composition, texture profile and protein oxidation of beef from grain-finished Bos indicus cattle.

Ciência Rural, v.49, n.4, 2019.

3

added of 1 mL of TCA (10%) and centrifuged (5,000×g/ 
5 min) at 4 °C. After discarding the supernatants, the 
pellets were homogenized with 1 mL of HCl (2 N) 
or 1 mL of 1 mL of DNPH (10 mM) in HCl (2 N) 
aiming to obtain the content of protein and carbonyl, 
respectively. Both homogenates were incubated at 25 
°C for 1 h, and periodic vortex was performed every 15 
min.  Subsequently, 1 mL of TCA (10%) was added to 
the homogenates, followed by a centrifugation (11,000 
× g /10 min) at 4 °C. The pellets were washed three 
times with 1 mL of ethanol/ethyl acetate (1:1; v/v) and 
centrifuged (15,000 × g /10 min) at 4 °C. Then, the 
proteins were dissolved in 1.5 mL of sodium phosphate 
(20 mM; pH 6.5) and guanidine hydrochloride (6 M) 
and centrifuged (11,000×g/10 min). The absorbance at 
280 nm was utilized to estimate the protein content of 
the sample, whereas the absorbance at 370 nm and the 
absorptivity coefficient for the protein hydrazones of 
21.0 mM−1 cm−1 were utilized to determine the carbonyls 
content. The data obtained was expressed as nmol of 
carbonyl per mg of protein.

Statistical analysis
The experimental design was completely 

randomized design with eight (n=8) replications (beef 
carcasses). One-way ANOVA (XLSTAT software; 
Version 2014.5.03, Addinsoft, Inc., Brooklyn, USA) 
was utilized for analyses of texture profile and proximate 
composition. A two-way ANOVA (XLSTAT software; 
Version 2014.5.03, Add in soft, Inc., Brooklyn, USA) 
was utilized for analysis of protein oxidation to assess 
the effect of muscle (LL and PM) and days of storage (0, 
5, and 9). In addition, treatment means were compared 
using Tukey test at 5% significance level.

RESULTS   AND   DISCUSSION

Proximate composition
Proximate composition was influenced 

(P<0.05) by muscle source (Table 1). A greater (P<0.05) 
protein and lower (P<0.05) ash and lipid contents were 
observed in LL than in PM steaks. The intramuscular 
fat content varies with differences in the muscle fiber 
characteristics (LORENZO et al., 2013). Glycolytic 
muscles, composed mainly of type IIA and IIB fibers, 
contain lower lipid contents than the oxidative muscles 
comprising primarily of type I fibers (HWANG et al., 
2010). HWANG et al. (2010) reported correlations 
between lipid content and fiber area in the muscles 
(longissimus, psoas major, and semimembranosus) of 
Hanwoo (Bos taurus x Bos indicus) cattle; while lipid 
content was negatively correlated to fiber area of type 
IIA and IIB, it was positively correlated to the area 

of type I fibers. In agreement, PATTEN et al. (2008) 
reported a greater protein and lower fat and ash contents 
in muscle longissimus than in PM from Bos taurus cattle. 
In addition, BRACKEBUSCH et al. (1991) reported 
a greater protein and lower fat content in longissimus 
muscle than in PM from Bos taurus carcasses (steers 
and heifers) with different marbling scores. On contrary, 
CANTO et al. (2016) did not find differences in the 
protein and ash content between the LL and PM muscles 
from grass-fed Bos indicus (Nellore) cattle.

Moisture content was not affected (P>0.05) 
by muscle source. In agreement, previous studies 
did not observe differences in moisture content of 
beef longissimus and PM (PATTEN et al., 2008; 
BRACKEBUSCH et al., 1991). In contrast, CANTO 
et al. (2016) reported greater moisture in LL steaks 
than in their PM counterparts from grass-fed Bos 
indicus cattle. Moreover, HWANG et al. (2010) also 
documented greater moisture in psoas major than in 
longissimus muscle from Hanwoo cattle.

Texture profile analysis
LL exhibited greater (P<0.05) hardness 

than PM steaks (Table 1). Hardness is related to 
cross-section area and thickness of muscle fiber 
(LACHOWICZ et al., 2004). According to CHOI & 
KIM (2009), muscles with smaller-sized fibers (type 
IIB fibers) such as LL (HWANG et al., 2010) exhibit 
greater toughness than muscles of smaller fiber (type I 
fibers) size such as PM (HWANG et al., 2010). LANG 

Table 1 - Proximate composition, and texture profile 
parameters (hardness, springiness, cohesiveness 
and chewiness) of LL and PM steaks (n=8) 
from grain-finished Nellore (Bos indicus) 
cattle. 

 

Parameter -----------------------Muscle---------------------- 

 LL PM 
Moisture (%) 74.28±0.69a 74.35±1.78a 
Protein (%) 17.62±0.27a 16.93±0.50b 
Ash (%) 1.19±0.05b 1.27±0.09a 
Lipid (%) 1.18±0.14b 2.72±0.31a 
Hardness (kg) 19.24±2.85a 10.53±1.38b 
Springiness 0.78±0.03a 0.71±0.03b 
Cohesiveness 0.38±0.04a 0.32±0.04b 
Chewiness 
(kg) 6.09±1.28a 2.17±0.44b 

 
Results are expressed as mean ± standard error. 
a–bMeans with different superscripts in a row were 
significantly different (P<0.05).  
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et al. (2016) and ZOCHOWSKA et al. (2005) reported 
a correlation of hardness with muscle fiber area and 
percentage of type IIB fibers. In support, LANG et al. 
(2016) documented greater hardness in longissimus 
thoracis than in their PM counterparts, from Chinese 
Simmental cattle. In partial agreement, KOLCZAK et 
al. (2005) documented lower hardness in PM than in 
semitendinosus muscle from Bos taurus cattle.

LL exhibited greater (P<0.05) 
springiness than PM steaks (Table 1). According to 
ZOCHOWSKA et al. (2005) springiness is correlated 
with muscle fiber size. Muscles composed of small 
fibers (type I) such as PM (HWANG et al., 2010) 
exhibit lower springiness than muscles composed 
of large fibers (type IIB) such as LL (HWANG et 
al., 2010). In partial agreement, KOLCZAK et al. 
(2005) documented lower springiness in PM than 
in semitendinosus muscle from Bos taurus cattle. 
On contrary, LANG et al. (2016) reported greater 
springiness in PM than in longissimus muscle from 
Chinese Simmental cattle. 

LL exhibited greater (P<0.05) cohesiveness 
than PM steaks (Table 1). LANG et al. (2016) reported 
that muscle composed by type IIB fibers, such as LL 
(HWANG et al., 2010) exhibited greater cohesiveness 
than the muscles composed of type I fibers, such as 

PM (HWANG et al., 2010). In agreement, LANG et 
al. (2016) documented greater cohesiveness in muscle 
longissimus than in PM from Chinese Simmental 
cattle. In partial agreement, KOLCZAK et al. (2005) 
documented lower cohesiveness in PM than in 
semitendinosus muscle from Bos taurus cattle.

LL exhibited greater (P<0.05) chewiness 
than PM steaks (Table 1). KOLCZAK et al. (2005) 
reported a correlation between chewiness and the content 
of muscle fiber type IIB. In support, greater chewiness 
in longissimus thoracis muscle than in PM counterparts 
was documented in Chinese Simmental cattle (LANG 
et al., 2016). In partial agreement, KOLCZAK et al. 
(2005) documented lower chewiness in PM than in 
semitendinosus muscle from Bos taurus animals. 

Protein oxidation
Protein oxidation (carbonyl content) 

was greater (P<0.05) in PM steaks than in their LL 
counterparts throughout the storage (Figure 1). Muscles 
composed by muscle fiber type I such as PM (HWANG 
et al., 2010) exhibited greater myoglobin (CHOI & 
KIM, 2009), iron (CHIKUNI et al., 2010; UTRERA et 
al., 2014) and lipid contents than the muscles composed 
of fiber type IIB such as LL (HWANG et al., 2010). This 
in turn, leads to the generation of primary and secondary 

Figure 1 - Protein oxidation of longissimus lumborum (LL) and psoas major (PM) steaks from 
grain-finished Nellore (Bos indicus) cattle during aerobic storage at 4 ºC for 9 days.

Standard error bars are indicated. 
a–cMeans with different superscripts within a muscle were significantly different (P<0.05).
x–yMeans with different superscripts within a day of storage were significantly different 

(P<0.05).
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products, favoring lipid oxidation (FAUSTMAN et al., 
2010); and consequently, enhance protein oxidation 
(FAUSTMAN et al., 2010; ESTEVEZ, 2011). In 
agreement, UTRERA et al. (2014) reported greater 
protein oxidation in beef patties prepared from PM 
than in their counterparts from longissimus during 12 
weeks of frozen storage. In partial agreement, CANTO 
et al. (2016) documented greater protein oxidation 
in PM than in LL counterparts from grass-fed Bos 
indicus cattle on days 0 and 9 of storage. In contrast, 
CHIKUNI et al. (2010) documented no differences in 
the carbonyls content between muscle longissimus and 
PM from Japanese and Holstein cattle. 

The carbonyl content was not affected 
(P>0.05) by storage in PM steaks, whereas LL steaks 
exhibited an increase in protein oxidation (P<0.05) 
from day 5 of storage (Figure 1). Muscles composed 
by muscle fiber type I such as PM (HWANG et al., 
2010) exhibited greater content of iron (CHIKUNI et 
al., 2010) than the muscles composed of fiber type 
IIB such as LL (HWANG et al., 2010). The greater 
concentrations of iron favor the generation of free 
radicals, leading to the increase of protein oxidation 
(ESTEVEZ, 2011) in PM than in LL steaks.

In partial agreement, CANTO et al. (2016) 
reported an increase of carbonyl content in LL and PM 
steaks from grass-fed Bos indicus cattle. In addition, 
UTRERA et al. (2014) reported an increase of protein 
oxidation in beef patties prepared from PM and 
longissimus muscles during 12 weeks of frozen storage.

CONCLUSION

Muscle source influenced the proximate 
composition, as well as texture profile and protein 
oxidation of beef from grain-finished Bos indicus 
animals. A greater oxidative stability and texture-scores 
were observed in LL than in PM steaks. Muscle-specific 
strategies are indicated during meat processing in order 
to improve oxidative stability and texture attributes of 
beef from grain-finished Bos indicus cattle.
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