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Extraction of myofibrillar protein was performed using three different water solutions in order to obtain 
different values of pH), from chicken breast and organs (liver and heart).  This study investigates the 
impact of the extraction methods on viscoelastic properties of myofibrillar proteins. Three types of 
viscoelastic measurement were made. The first was an oscillatory analysis with strain sweep step and a 
frequency sweep step. Secondly, creep testing was performed with an initial load of 30 Pa. Finally, the 
products were subjected to heat – induced gelation. The gelation characteristics of myofibrillar proteins 
are indicative of meat product texture. Defining the performance of myofibrillar proteins during 
gelation is beneficial in maintaining quality and developing processed meat products and other 
processes. Rheological properties were measured while heating at 2.0°C/min from 5 to 80 °C. Results 
have shown better rheological characteristics of myofibrillar protein extracted in a solution of a low pH. 
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1. Introduction 

Extraction of myofibrillar protein presents interest from the technological point of view for water-
holding capacity enhancing and for their binder properties. Hydration surface properties, binding and 
rheological behaviour are terms used to describe protein functionality in meat-processing. Offer and 
Trinick (1983) suggest that the myofibrils are responsible for water retention in meat. Protein gels 
demonstrate viscoelastic behavior in that they exhibit both fluid-like (viscous) and predominantly 
solid-like (elastic) behaviour (Xiong, 1994). Thermally induced protein–protein aggregation is 
considered to be the key element to transform the viscous protein extract (sol) to a three-dimensional 
matrix during meat-processing (Samejima et al, 1969; Samejima, Ishioroshi, & Yasui, 1981, 1982; 
Xiong, 1992). By extracting the functional myofibrillar protein from the muscles, the protein may be 
used as an ingredient for the formulation of some whole-muscle processed meat products(Li, 2006). 
Lesiow and Xiong (2003) evaluated the effect of pH and muscle fiber type on the gelation properties 
of chicken muscle homogenates. Using both oscillatory and compression testing, the authors 
determined that the strongest gel from the chicken breast muscle homogenates had a pH of 6.30. 
These findings illustrate that muscle types respond differently to pH. 
The objectives of this study were to determine the impact of the extraction method (especially the 
extraction solution pH) on the rheological properties of myofibrillar protein and the extent to which 
muscle type influences the viscoelasticity of myofibrillar proteins. Three types of meat, chicken 
breast, beef liver and  chicken heart were investigated to determine effects of  myofibrillar protein 
source and of extraction solution pH (1.8; 7.0 and 10.5) on protein viscoelastic characteristics. 
 
2. Methods and materials 

2.1. Myofibrillar protein  isolation and preparation 
Chicken breast, liver and heart (300g each), were used after 1 day postmortem storage at 4 ºC. Highly-
purified myofibrillar proteins were prepared using three different conditions. The methodology used 
included, in all cases, solubilizing/washing the minced meat four times followed by protein 
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precipitation; for the first sample distilled water was used with pH adjusted to 10.5 using Na2CO3; for 
the second sample distilled water was used with pH adjusted to 1.8 using HCl; for the third sample 
distilled water was used with pH adjusted to 7.0 using NaOH. Samples were centrifuged after each 
solubilization/washing for 10 min at 3000 rot/min. In order to characterize the wet myofibrillar 
proteins from the rheological point of view all protein concentrates were first brought to a dry matter 
of 14.5±0.5%. Thus we obtained nine myofibrillar protein samples: Breast 7.0; 10.5; 1.8; Liver 7.0; 
10.5; 1.8; and Heart 7.0; 10.5; 1.8. Protein samples were stored at 4 ºC prior to analysis. 

 
2.2. Rheological  measurements 
The viscoelastic characterisation of samples were investigated by a controlled stress rheometer 
(Advance Rheometer AR2000, TA Instruments) equipped with an cone-and-plate probe 40 mm 2º 
measuring system and 1500µm gap. Strain sweep step were first performed with a variation of % 
strain from 0.025 to 28.636 % a frequency rate of 1 Hz for all samples. The strain stress method was 
found to be a good approach for yield stress analysis of medium viscosity materials.  
Samples were subjected to oscillatory measurement at a frequency range of 0.01 – 10.00 Hz (0.6283 – 
62.83 rad/s for ang. frequency) by a controlled osc. stress of 20 Pa chosen from the strain sweep test. 
Subsequently, their storage modulus (G`) and loss modulus (G``) including the delta (δº) were 
determined. 
Creep testing 
Creep compliance, under a constant stress, was measured at fixed intervals with an initial load of 30 
Pa at a holding time of 10 min. Creep tests examine the way the products respond to steady low 
stresses. Since compliance (J,[1/Pa]) is the reciprocal of an initial elastic modulus (G 0) (Steffe, 1996) 
a lower compliance means higher G 0 and exhibits a greater rigidity of the gels. (Fig. 3)  
Temperature ramp step 
Measurements were conducted within the linear range at a strain of 0.0025 and a constant frecquency 
of 1 Hz. Samples were heated from 5 to 80 ºC at a rate of 2 ºC/min through the use of a Peltier 
temperature controller. Edges of samples were covered with light silicone oil to prevent drying out. 
Evolution of storage modulus G`with temperature was monitored.  
 
3. Results and discussion 
3.1. Dynamic viscoelastic oscillatory measurement 
Viscoelastic measurement of storage (G`), loss (G``) modulus and delta are among parameters that 
characterise myofibrillar protein indicating gel strength. G` and G`` moduli are a measurement of the 
energy stored and dissipated in the material under test. For all samples, both G` and G`` developed in 
a similar way. However, the G` values were considerably greater in magnitude than the G`` values, 
showing that predominantly elastic gels were formed. Thus, only the G` values will be discussed 
(Vardhanabhuti et al. 2001). The bigger G` is the stronger structure material with a solid - like 
(elastic) behaviour. Also, if a material is an ideal solid, its phase shift angle (δ) value will approach 0º, 
whereas if it is an ideal liquid, δ will approach 90º. A purely elastic material will have a δ of 45º. 
All myofibrillar protein had a phase of shift angle (δº) closer to a solid behaviour regardless the pH 
value. Fig. 2 showed the variation of G` values of myofibrillar proteins as a function of frequency. 
Small δº values (Fig.1) with large G` values indicate that, although the elastic component 
predominates in the system, it still behaves as a weak viscoelastic gel (Apichartsrangkoon et al, 1998; 
Messens et al. 2000). Measurements showed a bigger G` for chicken breast, this meaning a lot of 
pressure requested for material to initiate flow. This indicates a better internal structure with a solid-
like behaviour. For samples extracted with a solution of a neutral pH, storage modulus values were 
very small, tending to zero. This indicates a very weak structure.   
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Figure 1. δ variation as a function of frequency for 
myofibrillar protein extracted with distilled water at 

different values of pH  

Figure 2. Typical storage modulus as a function of 
frequency for myofibrillar protein extracted with 

distilled water at different values of pH
 
3.2. Creep test  
A creep test is a measure of how a material behaves on the application of a sudden stress which is 
maintained at a constant value for a specified time (Chattong, Apichartsrangkoon, 2008). Fig. 3 shows 
a smaller compliance for chicken breast sample extracted at a low pH meaning that poultry 
myofibrillar proteins have a stronger structure and a better binder capacity in comparison with liver or 
heart myofibrillar proteins as shown in the temperature ramp step also. The influence of the extracting 
pH is clearly seen in the liver case where the 10.5 sample has a much bigger compliance than the 1.8 
sample. Samples extracted for neutral pH had a decuman compliance exceeding the others, on this 
account they didn’t appear in the figure.  
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Figure 3. Complience-time relation for myofibrillar protein extracted from different sources  

at a pH = 1.8 and 10.5 
 

3.3. Temperature induced gelation 
All samples began to form a gel shortly after 50 ºC, as indicated by an increasing G` modulus after a 
long falling until gelation started indicating transition from a liquid-like state to a solid-like one. This 
temperature is usually taken as gelation temperature and corresponds to the temperature for which G` 
increases and becomes greater than the background noise, which is one of the common methods of 
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detecting the gelling point in the absence of a crossover between G` and G`` (Matsumura, Mori, 1996; 
Ould Eleya, Gunasekaran, 2002; Lamsal et al 2007). The mechanism in which myosin forms a gel is 
suspected to involve the aggregation of the heavy meromyosin (HMM), which is the head of the 
protein, and the formation of a network amongst the LMM, or tail portions of the protein (Samejima, 
Ishioroshi, Yasui, 1981).  This continued until the temperature reached approximately 70 ºC when the 
gel strength increased again.  
 

 
Figure 4. Average storage modulus (G`, Pa) measurements of myofibrillar proteins during heating,  

of heart, liver and chicken breast extracted at different values of pH 
 

Near 80°C value, no significant changes in G` were observed, indicating that thermally-induced 
denaturation and aggregation of the protein concentrate were complete (Smyth et al, 1998 Doerscher 
et al. 2003,). As in the previous tests (strain sweep step and creep test) it can be seen that chicken 
breast myofibrillar proteins (solution pH=1.8) had the bigger G` values. 7.0 samples had a very low 
G` value, moreover, chicken breast assessed a bad structure. 
 
4. Conclusions 
The results of the current work document that myofibrillar proteins from different sources of meat 
respond differently from the rheological point of view. Also, it can be affirmed that myofibrillar 
proteins, extracted at pH=1.8, had a better structure, those from chicken breast being stronger, with a 
solid-like behaviour. pH also influences the response of myofibrillar protein when speaking of 
rheology. Results have shown that the extracting method for a neutral pH is not efficacious when we 
want to use myofibrillar proteins for their great rheological characteristics. It is incontestable that liver 
protein has a great quality from the nutritional point of view, but rheologicaly it has not a great value, 
as shown by the phase shift angle (δº) values and storage modulus (G`) in the temperature ramp test.  
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