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INTRODUCTION 

 

Texture is an important sensory characteristic of muscle 

foods, such as beef, pork, and chicken. In particular, 

improvement of ‘tenderness’ increased consumers 

acceptance (Huffman et al., 1996; Boleman et al., 1997; 

Miller et al., 2001). Our previous questionnaire studies on 

Japanese consumers indicated that there are consumer 

segments which require ‘tenderness’ for beef characteristics 

(Sasaki and Mitsumoto, 2004; Sasaki et al., 2006). 

Furthermore, the contribution of ‘tenderness’ on the overall 

acceptance of beef among Japanese consumers has been 

estimated as approximately 25% (Polkinghorne et al., 2011). 

Therefore, the objective measurement and improvement of 

beef texture, in particular ‘tenderness,’ has been a critical 

issue for meat producers and industries for their profits.  

In consumer, ‘tenderness’ in muscle foods has been 

generally used without any definition, hence the meanings 

of ‘tenderness’ may be different from person to person. For 

evaluation and improvement of meat ‘tenderness’, texture 

evaluation items with common definition and clarification 

of ‘tenderness’ perception in consumers should be 

investigated. For this purpose, we previously presented that 

‘chewiness’ and ‘hardness’, which have different meanings 

as defined in ISO5492:1992, were perceived separately by a 

trained sensory panel in beef muscles (Sasaki et al., 2010) 

and that intramuscular fat improves both ‘chewiness’ and 

‘hardness’ in beef Longissimus muscles (Sasaki et al., 2012).  

However, our previous studies could not provide 

detailed differences in ‘chewiness’ and ‘hardness’ between 

beef samples, because ISO5492 sensory items is quite 

qualitative. In contrast, ISO11036:1994 provides detailed 

sensory scales for ‘chewiness’ and ‘hardness’ with 

definitions and reference materials (International 

Organization for Standardization, 1994). The purpose of 

this study is to investigate whether the ISO11036:1994 

scales for sensory evaluation of ‘chewiness’ and ‘hardness’ 

is applicable or not in beef texture evaluation.  

Furthermore, many previous reports have indicated that 

the muscle part and cooking end-point temperature affect 

meat texture. However, there has been no report presenting 
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the influence of intermuscular difference and cookery 

changes on sensory ‘chewiness’ and ‘hardness’ ratings. 

Therefore, another aim of this study is to clarify the detailed 

effects of muscle part and cooking end-point temperature on 

sensory ‘chewiness’ and ‘hardness’ using ISO11036:1994 

scales. 

 

MATERIALS AND METHODS 

 

Sample preparation  

Hence intramuscular fat strongly affects to meat texture, 

we used lean beef muscle, not marbled beef, as an 

experimental model sample in this study. Longissimus (LT) 

and Semitendinosus (ST) muscles from three Holstein 

steers fed at Minami-Boso City, Chiba Prefecture, Japan, 

were obtained from a meat packer. Animals were 

slaughtered at 22-months-old, and muscles were harvested 5 

d after slaughter. Muscle samples were harvested from cold 

carcasses, vacuum-packed, and stored at -30C before 

sensory experiments. Samples were thawed in a refrigerator 

set at 4C 1 d immediately before the sensory test. Samples 

were formed into 222 cm cubes and subjected to heat 

treatment using a steam convection oven SSC-5DCNU 

(Maruzen, Co., Ltd., Tokyo) to cooking end-point 

temperatures such as 60 and 72C, which provided different 

sensory texture characteristics as described previously 

(Sasaki et al., 2010; Sasaki et al., 2012). 

 

Sensory panel  

Research scientists of the animal products division of 

the National Institute of Livestock and Grassland Science 

were recruited as the sensory panel, as with our previous 

studies (Sasaki et al., 2010; Sasaki et al., 2012). Therefore, 

these panelists were highly experienced evaluators of meat 

texture. Panelists were lectured about the scales of 

‘hardness’ and ‘chewiness’ presented in ISO11036:1994, 

and were trained using the example foods indicated in the 

scales as presented in Table 1. The number of panelists was 

17 (10 males and 7 females). Immediately before the 

sensory testing sessions, each panelist was informed that the 

beef samples were safe for consumption, and each 

consented to participate in the experiments as a sensory 

panelist according to Japanese guidelines for sensory 

evaluation of meat (National Livestock Breeding Center, 

2005). 

 

Sensory test  

Sensory tests were performed using an individual booth 

illuminated by red lighting and maintained by an air-

conditioner set at 22C. The sensory trials were carried out 

between 3 to 4 pm, and the length of each trial was 

approximately 20 min. Scales of ‘hardness’ and ‘chewiness’ 

presented in ISO11036:1994 (Table 1) were used for the 

evaluation. Panelists were trained about these scales of 

‘hardness’ and ‘chewiness’ using the example foods as 

presented in Table 1. For the sensory test, two samples each 

were presented to each panelist at each muscle and end-

point temperature. Thus, each panelist tested a total of eight 

samples in each trial. The sensory trial was conducted three 

times with muscles from different carcasses in each trial. 

 

Machinery texture measurements  

Warner-Bratzler shear force value (WBSFV) and 

‘hardness’ of Texture Profile Analysis (TPA) were measured 

in cooked samples subjected to the sensory test. For 

WBSFV measurements, cores 1.27 cm in diameter were 

prepared from cooked muscle cubes and sheared 

perpendicularly to the muscle fiber orientation using a 

Table 1. Scales of ‘chewiness’ and ‘hardness’ defined by ISO11036:1994 

Attributes Ratings Definition Example 

Chewiness 1 Low-intensity chewiness Rye bread, fresh and centre cut 

2  Frankfurter sausages, uncooked 

3  Gum drops 

4   

5  Starch-based gum drops 

6  Peanut chews 

7 High-intensity chewiness Toffee 

Hardness 1 Soft Cream cheese 

2  Egg white, hard-boiled 

3  Frankfurter sausages, uncooked 

4  Cheese, processed 

5  Olives, green 

6  Peanuts, cocktail type 

7  Carrots, uncooked 

8  Peanut brittle, candy part 

9 Hard Rock candy 
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Warner-Bratzler V-blade attached to an Instron Universal 

Testing Machine (Model 5542; Instron Corp., Canton, MA, 

USA), fitted with a 500 N compression load cell with a 

crosshead speed of 250 mm/min at room temperature. The 

peak force values that were measures of the shearing 

through the centers of the cores were used to determine 

WBSFV of the samples. TPA ‘hardness’ measurements 

were performed as described (Caine et al., 2003) with some 

modifications. For TPA hardness, cylindrical samples with 

1.27 cm diameter and 1.0 cm height were prepared from 

cooked muscle cubes. The samples were compressed 

parallel to the muscle fiber orientation using a 4.0 cm 

diameter disc type probe attached to a testing machine as 

described above at room temperature. Each sample 

underwent two cycles of 80% compression using the 

Texture Profile Analysis Test Method Templates (version 

3.0; Instron Corp., Canton, MA, USA) with the Instron 

Testing Machine, and TPA ‘hardness’ was calculated. For 

each machinery measurement, 5 replications were 

conducted for each cooking temperature of each muscle of 

each carcass. The mean value of 5 replications of each 

muscle of each carcass was applied to the statistical analysis. 

 

Statistical analysis  

Statistical analysis was performed using the SAS system 

(version 9.12; SAS Institute, Cary, NC, USA). Sensory 

scores for ‘chewiness’ and ‘hardness’ were analyzed by 

analysis of variance (ANOVA) using MIXED procedure. 

Muscles and cooking temperatures were used as the fixed 

effects and panelists and carcasses were used as the random 

effects. For ANOVA instrumental WBSFV and TPA 

‘hardness’, MIXED procedure of the SAS system was also 

used, muscles and cooking temperatures were used as the 

fixed effects, and carcasses were used as the random effect. 

Comparisons of least squares means were analyzed by 

Tukey-Krammer test using LSMEANS option of the 

MIXED procedure for both sensory scores and machinery 

texture indices. Correlation analysis between sensory scores 

for ISO11036 ‘chewiness’ and ‘hardness’ versus 

instrumental measurements such as WBSFV and TPA 

‘hardness’ were analyzed using CORR procedure of the 

SAS system. 

 

RESULTS 

 

Sensory test  

Effects of the muscle part, cooking end-point 

temperature and interaction of muscle partend-point 

temperature on sensory scores for ‘chewiness’ and 

‘hardness,’ assessed by a trained sensory panel using 

ISO11036:1994 scales, were presented in Table 2. Both 

ISO11036 ‘chewiness’ and ‘hardness’ scores were 

significantly higher in ST muscle than those in LT muscle 

(p<0.001). Samples cooked at a 72C of end-point 

temperature had higher ISO11036 ‘chewiness’ and 

‘hardness’ ratings than samples cooked at a 60C end-point 

temperature (p<0.001). However, muscle parts and cooking 

end-point temperatures did not significantly interact in both 

ratings (p>0.05). 

 

Machinery texture measurements  

Effects of the muscle part, cooking end-point 

temperature and interaction of muscle partend-point 

temperature on machinery texture indices such as WBSFV, 

and ‘hardness’ of TPA, were presented in Table 3. Both 

WBSFV and TPA ‘hardness’ in ST muscle were 

significantly higher than those in LT muscle (p<0.001). 

Cooking end-point temperatures also significantly affected 

both machinery measurements. Both WBSFV and TPA 

‘hardness’ increased significantly between 60C and 72C 

cooking end-point temperatures (p<0.001). Furthermore, 

Table 3 also showed that interaction between muscle parts 

and cooking end-point temperatures was statistically 

significant in WBSFV (p<0.01) As indicated in Figure 1, 

WBSFV significantly increased in LT muscle by increasing 

Table 2. Effects of muscle part and cooking end-point 

temperature on sensory ratings defined in ISO11036:1994 

Effects 
Sensory attributes 

Chewiness Hardness 

Muscle part *** *** 

Longissimus 3.910.25 4.240.21 

Semitendinosus 5.650.25 5.560.21 

Cooking end-point temperature *** *** 

60C 4.500.25 4.510.21 

72C 5.060.25 5.290.21 

Muscleend-point temperature ns ns 

Values were expressed as least squares meansSEM.  

*** p<0.001. ns = Not significant (p>0.05). 

Table 3. Effects of muscle part and cooking end-point 

temperature on instrumental texture characteristics 

Effects 

Machinery texture 

characteristics 

Warner-Bratzler  

shear force 

value (N) 

Hardness 

(Texture profile 

analysis) (N) 

Muscle part *** *** 

Longissimus 23.70.7 60.32.4 

Semitendinosus 36.60.7 76.22.4 

Cooking end-point temperature *** *** 

60C 27.20.3 58.12.4 

72C 33.10.3 78.42.4 

Muscleend-point temperature ** ns 

Values were expressed as least squares meansSEM.  

*** p<0.001; ** p<0.01. ns = Not significant (p>0.05). 
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the cooking end-point temperature from 60C to 72C 

(p<0.05), although WBSFV was unchanged in ST muscle 

between cooking end-point temperatures of 60C and 72C. 

 

Correlation between sensory scores and instrumental 

measurements 

To determine whether or not instrumental measurements 

such as WBSFV and TPA ‘hardness’ can explain ISO11036 

sensory ‘chewiness’ and ‘hardness’ ratings, statistical 

correlations between sensory scores and instrumental 

measurements were analyzed (N = 12). WBSFV were 

significantly and highly correlated with both ISO11036 

‘chewiness’ (r = 0.911; p<0.001) and ISO11036 ‘hardness’ 

(r = 0.894; p<0.001). Instrumental ‘hardness’ measured 

using TPA method was also correlated significantly to both 

‘chewiness’ (r = 0.705; p<0.05) and ‘hardness’ (r = 0.828; 

p<0.001), obtained from a trained sensory panel evaluation 

using ISO11036 standard scales. 

 

DISCUSSION 

 

It has been generally understood that sensory texture 

characteristics among muscle positions vary. Shackelford et 

al. (1995) presented the variation of sensory texture 

characteristics in 10 major muscles of beef. In particular, 

different sensory texture characteristics between LT and ST 

were reported previously. For example, Otremba et al. 

(1999, 2000) reported that sensory ratings for ‘chewiness’, 

which was defined as ‘the number of chews necessary to 

reduce the sample to a consistency ready for swallowing’, 

and overall tenderness were lower in Longissimus 

Lumbarum (LL) muscle than in ST muscle at 71C. 

Shackelford et al. (1995) also presented that overall 

tenderness in LL was higher than that in ST muscle. Our 

results finding that ISO11036 sensory ratings of both 

chewiness and hardness in LT muscles were lower than 

those in ST muscles (Table 2) support previous studies 

regarding intermuscular differences of sensory texture 

characteristics. 

Cooking end-point temperature is an important factor 

for meat texture, which deeply relates to the heat 

denaturation of muscle proteins. In particular, a large heat 

transition due to protein denaturation has been observed in 

beef muscle between 60 and 70C using differential 

scanning calorimetry (Findlay et al., 1986). Increasing the 

cooking end-point temperature from 60 to 70C raised 

WBSFV in beef LT muscles (Findley et al., 1986; Sasaki et 

al., 2012) and machinery shear force (Mathevon et al., 

1995). Machinery chewiness and hardness assessed by TPA 

also increased between 60 and 70C in beef ST muscles 

(Palka and Daun, 1999). Furthermore, sensory texture 

changes between 60 to 70C have been well investigated in 

beef muscles. For example, between 60 and 70C, sensory 

‘tenderness’ decreased (Findley et al., 1986) and sensory 

‘toughness’ increased (Tornberg, 2005). Increasing of 

cooking temperature increased total chewing to above 63C 

(Martens et al., 1982) and chewing-time above 60C 

(Mathevon et al., 1995). In this study, both chewiness and 

hardness ratings using ISO11036 (Table 2) increased 

between 60 and 72C, supported with the machinery texture 

characteristics such as WBSFV and TPA hardness (Table 3). 

Following from these results, because sensory 

evaluation using ISO11036 scales for ‘chewiness’ and 

‘hardness’ detected differences caused by cooking end-point 
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Figure 1. Effects of cooking end-point temperature and muscle position on Warner-Bratzler shear force values. Triangles and circles 

mean Longissimus and Semitendinosus muscles, respectively. Values are expressed as least squares meansSEM. a,b,c Values with 

different letters are different at p<0.05. 
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temperature and muscle position, we considered that the 

sensory evaluation procedures for ‘chewiness’ and 

‘hardness’ using ISO11036 has potential for quantitative 

texture characterization of beef in basic studies.  

On the other hand, quantitative evaluation of sensory 

texture has been required for improvement of ‘tenderness’ 

in beef, in order to satisfy consumers’ preference. There 

have been several studies conducted for the objective 

sensory evaluation of meat texture. For example, Otremba 

et al. (2000) established the descriptive texture profile 

sensory panel and the descriptive attribute sensory panel for 

meat texture evaluation, and evaluated texture items defined 

by the workers. They used 15-pt scales for each texture 

attribute with 1 to 3 reference products for each attribute 

presented to panelists. Braghieri et al. (2012) developed 

preparation schemes for reference samples of meat sensory 

characteristics including chewiness/tenderness. They 

established 3 reference products for each sensory attribute 

for 100-pt evaluation scales. ISO11036:1994 provides 7- 

and 9-pt scales with 6 and 9 reference products for 

‘chewiness’ and ‘hardness’ evaluation, respectively (Table 

1). However, sensory scores for ‘chewiness’ and ‘hardness’ 

(Table 2) fallen within narrow ranges such as 3.91 to 5.65 

for ‘chewiness’ and 4.24 to 5.29 for ‘hardness’, in this study. 

In previous studies regarding quantitative sensory 

evaluation of meat texture (Otremba et al., 2000; Braghieri 

et al., 2012), evaluation scales were constructed focusing on 

meat, and were accurate for meat texture studies. In contrast, 

ISO11036 scales for ‘chewiness’ and ‘hardness’ established 

for various foodstuffs, not only for meat. Alteration of these 

ISO11036 scales may be needed for practical meat texture 

evaluation in further studies, e.g. range limitation and 

detailed graduation with reproducible reference products. 

The relationship between sensory texture characteristics 

and machinery measurements is also interesting for the 

objective assessment of meat qualities. In particular, the 

most commonly used instrumental index for objective meat 

tenderness is the WBSFV, because the value usually 

correlates well with sensory tenderness evaluation (Cross, 

1987). Our previous study suggested that WBSFV 

correlated to ISO5492 ‘chewiness’ in terms of beef LT, ST 

and Psoas Major muscles (Sasaki et al., 2010). In addition, 

the definition of ‘chewiness’ in ISO11036:1994 is 

‘mechanical textural attribute to cohesiveness and to the 

length of time or the number of chews required to masticate 

a solid product into a state ready for swallowing’, which is 

deeply related to the breakdown of foodstuffs like the 

procedure of WBSFV measurement. In the present study, 

WBSFV highly correlated to ISO11036 ‘chewiness’ ratings 

rather than to ISO11036 ‘hardness’ scores as described 

above. In contrast, results in this study also indicated that 

ISO11036 chewiness ratings and WBSFV were not always 

parallel. Muscle position and cooking temperature did not 

interact for ISO11036 chewiness ratings (Table 2), and this 

result indicated that ISO11036 chewiness increased in both 

ST and LT muscles at 70C as compared to 60C. However, 

WBSFV was unchanged between 60 and 70C in ST 

muscles, although WBSFV increased between 60 and 70C 

in LT muscles (Figure 1). Our previous study also presented 

that changes in WBSFV between 60 and 70C were 

different between LT and ST muscles (Sasaki et al., 2010) 

in which WBSFV increased in LT whereas decreased in ST. 

WBSFV results in this study has good agreement to our 

previous study. WBSFV measures a peak force of shearing 

meat samples using V-blade. In contrast, ISO11036 

chewiness has been defined as the amount of work required 

to masticate a solid product into a state ready for 

swallowing (International Organization for Standardization, 

1994). These difference between ‘peak force’ in WBSFV 

and ‘amount of work’ in ISO11036 chewiness probably due 

to the non-parallel relationship between WBSFV and 

ISO11036 chewiness ratings. These results could not 

establish WBSFV as a decisive instrumental index for 

ISO11036 ‘chewiness’ ratings. Examination with a greater 

variety of muscle samples is needed to develop instrumental 

texture measurements that correspond to sensory texture 

characteristics measured by internationally established 

rating scales. 

This study aimed to apply the scales for ‘chewiness’ and 

‘hardness’ defined in ISO11036:1994 to the quantitative and 

objective measurement of beef texture. We concluded that 

ISO11036:1994 quantitative scales for ‘chewiness’ and 

‘hardness’ is a potent tool for basic studies in sensory beef 

texture, but some alteration should be needed for practical 

use for beef texture evaluation. A goal of our study is to 

clarify consumers’ perception of meat ‘tenderness’ using 

objective sensory texture characteristics. The relationships 

between consumers’ sense of ‘tenderness’ and ‘chewiness’ 

and/or ‘hardness’ ratings defined in ISO11036:1994 should 

be investigated in further studies.  

Furthermore, instrumental measurements corresponding 

to ISO11036 ‘chewiness’ and ‘hardness’ ratings should be 

developed for the management and improvement of meat 

texture by meat producers and industries.  
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