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Does troponin-T degradation, collagen percentage or collagen crosslinking explain differences in tenderness between Wagyu and Limousin cattle?
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ABSTRACT:  The objective of this study was to evaluate the effects of breed and dietary treatment on TN-T degradation, collagen percentage, collagen crosslinking, and their relationship to beef tenderness. Thirty-six steers, representing Wagyu (W, n=12), Wagyu x Limousin (WxL, n=12), and Limousin (L, n=12) were fed one of two dietary treatments (0% or 6% sunflower oil). All diets were barley-based and the sunflower oil treatments were applied during both the backgrounding (159 d) and finishing (100 d) phases.  Cattle were humanely slaughtered and at 24 h postmortem (PM), steaks (2.54 cm) were removed, packaged, aged (2(C for 1, 3, 7, 14, 28, and 56 d PM) and frozen (-40(C).  Dietary treatment did not affect (P > 0.05) any tenderness attributes.  Across all aging times, Warner-Bratzler shear force  (WBS) values of LM steaks were lower (P < 0.05) in W than L.  At d 1, W required slightly more force (P > 0.05) to shear than WxL or L (0.30 and 0.11 kg, respectively), however by d 14 WBS values were 0.767 kg lower (P < 0.05) for W than L.  Wagyu steaks received higher (P < 0.05) sensory panel sustained tenderness scores than L at d 14.  Western Blot analysis, measuring TN-T degradation, indicated that the appearance of the TN-T 30kda degradation fragment increased during aging (P < 0.0001) for all breeds.  Rate of TN-T fragment appearance was slower (P < 0.05) in L than W over all aging times.  Breed did not affect (P > 0.1) OH-Pro or HP in d1 steaks (1.25 cm).  More tender steaks typically have a rapid appearance of TN-T degradation product.  In this study W were more tender than L, paralleling a more rapid rate of proteolytic degradation.  Tenderness differences were not explained by OH-Pro or HP, therefore proteolysis maybe responsible for differences in tenderness between W and L steaks.
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Introduction

Consumer satisfaction is contingent upon consistency in beef palatability, especially tenderness.  Boleman et al. (1997) suggested that consumers were willing to pay more for guaranteed tender beef.  Differences in beef tenderness have been mainly attributed to myofibrillar and connective tissue proteins.  Yet no one factor explains greater than 50% of the variation in tenderness (Koohmaraie, 1996).  Factors such as the effect of sex, age, and breed on protein components of muscle have been studied and play an integral role in beef tenderness (McCormick, 1994; Koohmaraie, 1996; Huff-Lonergan et al., 1996).  Tenderness differences do exist due to collagen and the crosslink concentration (McCormick, 1999).  Collagen is a major component of connective tissue and as an animal ages it increases in toughness due to the increase in collagen crosslinking, which provides required structural support (McCormick, 1994; Bosselmann et al., 1995).  Myofibrillar postmortem proteolytic degradation, occurring due to the calpain system, is thought to play a crucial role in meat tenderness (Koohmaraie, 1996).  Taylor et al. (1995) reported that the breakdown of the myofibrillar protein Troponin-T may be a direct contributor to postmortem tenderization as its degradation weakens the thin filament.  Huff-Lonergan et al. (1996) reported that tough beef samples have a slower rate of TN-T degradation.  Therefore the primary objective of this study was to evaluate the effects of breed and dietary treatment on TN-T degradation, collagen percentage, collagen crosslinking, and their relationship to beef tenderness.

Materials and Methods

Design, Feeding and Sample Collection.  Thirty-six steers, representing Wagyu (W, n=12), Wagyu x Limousin (WxL, n=12), and Limousin (L, n=12) were blocked by initial weight into three blocks and two steers per breed group within block were randomly assigned to one of six pens. Pens within block were randomly assigned to one of two dietary treatments (0% or 6% sunflower oil). All diets were barley-based and the sunflower oil treatments were applied during both the backgrounding (159 d) and finishing (100 d) phases.  The cattle were humanely slaughtered at the Washington State University Meats Laboratory and at 24 h postmortem (PM) the entire boneless strip loin roast was removed from the right side.  Longissimus muscle steaks (2.54 cm) were prepared for Warner-Bratzler shear force (WBS: aged 1, 3, 7, 14, 28, and 56 d PM), trained sensory panel (aged 14 d PM) and steaks (1.25 cm) for Troponin-T (TN-T: aged 1, 3, 7, and 14 d PM), total collagen as determined by hydroxy proline content (OH-Pro: 1 d PM) and collagen crosslinking or hydroxylysylpyridinoline content (HP: 1d PM) were aged and frozen (-40(C) for subsequent analysis.
Warner Bratzler Shear Force (WBS).  Shear force analysis was conducted according to AMSA (1995).  Steaks were thawed for 24 h at 4(C and broiled to an internal temperature of 71(C using Farberware Open Hearth Grills (Model R4550; Farberware, Bronx, NY), and cooled to room temperature (approximately 22(C).  Six 1.27-cm cores were removed parallel to the muscle fiber and shorn perpendicular to the longitudinal axis of the fibers.  Peak shear force was measured using a Texture Analyzer (TA-XT2; Texture Technologies Corp., Scarsdale, NY), equipped with a WBS attachment at a crosshead speed of 20 cm/min.

Trained Sensory Panel.  Steaks were thawed for 24 h  (4(C), cooked to an internal temperature of 71(C using Farberware Open Hearth Grills (Model R4550; Farberware, Bronx, NY), trimmed of all external fat and major connective tissue, and cut into 1 x 1 x 2.54 cm samples.  Samples were served to a nine-member trained (AMSA, 1995) sensory panel.  Panelists evaluated each steak for initial tenderness, sustained tenderness, initial juiciness, sustained juiciness, beef flavor intensity, and off flavor using 10 cm unstructured line scales.

Connective Tissue.  Longissimus muscle samples (5 g, wet weight) were removed from steaks with the exclusion of epimysial tissue, and dried in an oven at 100(C for 24 h for the determination total collagen and collagen crosslinking.  Dried LM was weighed and ground using a mortar and pestle.  Ground samples were then hydrolyzed for 15 h with 20 volumes of 6N HCl according to Woessner (1961) for the determination of hydroxyproline (OH-Pro).  Collagen content was calculated by multiplying the measured weight of OH-Pro by 7.25.  Hydroxylyslpyridinoline (HP) crosslink concentration for LM tissue samples were measured after the filtration step in OH-Pro determination.  Concentration of HP and vitaminB6 standard was determined using a modified high pressure liquid chromatography procedure developed by Eyre et al. (1984).  Hydrosylyslpyridinoline concentration is directly related to collagen crosslinking.  
Troponin-T Degradation.  Differences in the appearance of TN-T degradation products were determined using western blot analysis.  Whole LM was prepared according to Bechtel and Parrish (1983).  Each sample (0.4 g) was homogenized in 10 mL of solubilization buffer and then centrifuged at 1,500 x g for 15 min at 25°C.  Protein determinations were performed on the supernatants using the Bio-Rad DC protein assay kit (Bio-Rad, Hercules, CA), and each sample was adjusted with deionized water to 6.4 mg/mL of total muscle protein.  Next the samples were denatured by mixing one mL of protein solution with 0.5 mL of Wang's buffer (Wang, 1982) and 0.1 mL of 2-mercaptoethanol, followed by heating at 50°C for 20 min.  Samples were then frozen at -80°C.  The presence of the 30 kDa TN-T primary degradation fragment was determined by gel electrophoresis (SDS PAGE) using 60 µg of each protein sample per lane and 5% stacking and 15% separating gels (Laemmli, 1970).  After electrophoresis, the gels were transferred to PVDF membranes (#162-0177, Bio-Rad, Hercules, CA), which were then blocked for 16 h at 4°C in a solution of phosphate-buffered saline with 1% Tween-20 (PBST) with the addition of 5% nonfat dried milk.  After a triple wash in PBST, the blots were incubated for 1.5 h at room temperature with a primary antibody, anti-Troponin-T (1:10,000) (JLT-12; Sigma, St. Louis, MO), followed by three washes in PBST.  A secondary antibody, anti-mouse IgG (1:5,000) (Sigma, St. Louis, MO), labeled with horseradish peroxidase, was incubated with the blots for 1.5 h, followed by three washes in PBST.  Finally, the blots were prepared for image analysis by incubating them for 5 min with Super Signal substrate reagents (Pierce, Rockford, IL).  The Bio-Rad Fluor-S MultiImager (Bio-Rad, Hercules, CA) was used to measure the blots for band density per mm2.  Ratios for analysis were calculated by dividing the density/mm2 of a standard (a 30 kDa primary TN-T degradation product from d 6 lamb LM) into the sample density/mm2.  Verification of equal protein loading and complete transfer of low molecular weight proteins was accomplished through 1) coomassie staining of the transferred gel and 2) Bio-Rad colloidal gold staining of the PVDF membrane after western blot analysis. 

Statistical Analysis.  Data were analyzed using GLM procedures in SAS (SAS Inst. Inc., Cary, NC).  Repeated measures analyses were used to evaluate the effect of aging time on WBS and degradation rate of TN-T.  A Split plot design was used to evaluate sensory data, with animal as the whole-plot and panelist as the sub-plot.  Correlation coefficients were used to compare the relationship between WBS and sensory panel tenderness values.  Differences due to breed, diet, and replicate were tested using the between-animal-error term, and differences due to the effect of aging time were tested using the within-animal-error term.
Results and Discussion

Dietary treatment did not affect (P > 0.1) attributes associated with tenderness.  Figure 1 shows that WBS decreased (P < 0.0001) over time, exhibiting a normal aging curve in all breeds.  W were more (P < 0.05) tender than L (WxL were intermediate) in WBS across all aging times. The interaction of Breed*Aging time approached significance (P = 0.109), prompting an evaluation of d 1 versus d 14 WBS measurements. Wagyu samples (Figure 2) aged 1 d PM were numerically (P = 0.772) higher than both WxL and L.  However, by 14 d PM, W were more (P < 0.05) tender than L, while WxL did not differ from other breeds.

Trained sensory panel scores were not affected (P > 0.1) by diet or associated interactions (data not shown).  Both W and WxL tended (P = 0.13) to have higher initial tenderness scores than L.  After mastication, W steaks received higher (P < 0.05) sustained tenderness scores than L (WxL were intermediate).  Both initial tenderness and sustained tenderness were negatively correlated with d 14 WBS values (r = -0.45 and r = -0.51, respectively). Busboom et al. (1993) showed that steaks from W steers were more palatable than steaks from Angus and Longhorn steers.  In this study only differences in tenderness were detected by WBS and sensory panel evaluation, breed did not affect any other sensory attributes measured.

Collagen content and crosslinking is sometimes associated with decreased tenderness.  Total collagen (Figure 3) as measured by OH-Pro did not differ (P > 0.1) among breeds.  More importantly, differences in the amount of collagen crosslinking measured directly by the amount of HP, did not differ (P > 0.1).  Wide differences in crosslink type and concentration occur between different tissues and muscle types (McCormick, 1994).  Maiorano et al. (1993) reported that sex and age differences affect the amount of collagen and crosslinking in sheep.  The current study with LM steaks from cattle of the same sex and relative age indicate that breed differences in tenderness were not attributed to variation in collagen amount or the amount of crosslinking.

Proteolytic degradation PM plays an integral role in the tenderness of beef.  Using western blot analysis and quantification of band density for each sample, Figure 4 shows that the appearance of the primary degradation product TN-T 30kDa fragment increased (P < 0.0001) over subsequent days PM (1, 3, 7, and 14 d).  This is in agreement with previous studies which reported that the TN-T 30kDa fragment intensified with increasing time PM regardless of animal, sex, and age (Huff-Lonergan et al., 1995; Ho et al., 1997).  Band density values were measured to determine the amount of degradation and the rate of appearance in the 30kDa TN-T fragment during aging (Figure 5).  The density of the 30kDa fragment differed (P < 0.1) among breeds:  L produced bands that were more intense at each aging time than WxL which were subsequently more intense than W.  The greater band density in the L and WxL in comparison to W may be due to a potential variation in L TN-T isoforms, causing them to bind with more affinity to the JLT-12 primary anti-body used in the western blot procedure eliciting a more intense chemiluminescent reaction.  This suggestion is supported by verification of equal protein loading and uniform transfer through transferred gel and PVDF membrane staining (described in methods).  Analysis of isoform differences will need to be investigated further in order to verify this hypothesis.  The rate of appearance of the 30 kDa fragment, however, was more rapid (P < 0.05) from 1 d to 14 d PM in W (0.37) than L (0.14) (WxL, = 0.24; were intermediate).  Further, W required less WBS and had more desirable sensory panel sustained tenderness values at 14 d PM than L.  This corroborates previous findings, which reported the rate of increase in band intensity of the 30kDa fragment differed among animals, and more tender samples exhibited a more rapid postmortem appearance of the 30kDa fragment (Olson and Parrish, 1977; Huff-Lonergan et al., 1995).

Implications

Differences exist in WBS and sensory panel tenderness scores between breeds of different biological types, potentially due to the rate of proteolysis as measured by TN-T degradation over time.  Measures of total collagen and collagen crosslinking did not explain the variation in tenderness between breeds.  This study parallels the strongly supported theory that differences in tenderness are highly related to myofibrillar protein degradation.  Other factors that differentiate Wagyu cattle from other breeds have yet to be evaluated for their role in consumer acceptance of consistently tender beef.  
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Woessner, J. F., Jr. 1961.  The determination of hydroxyproline in tissue and protein samples containing small proportions of this imino acid. Arch biochem. Biophys. 93:440-447.
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Figure 2.
Comparison of Warner-Bratzler shear force for day 1 and day 14 samples.  Breeds, N=36: Wagyu (W), Wagyu x Limousin (WxL), and Limousin (L).  Statistical data:  d 1 Breed (P > 0.7719, SEM = 0.32) and d 14 Breed (P < 0.05, SEM = 0.22).  Bars with different superscripts differ (P < 0.05)
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Figure 3.
Comparison of % collagen (OH-Pro, units = (g/mg) and connective tissue cross linking (HP, units = mol of HP/mol of OH-Pro).  Breeds, N=36: Wagyu (W), Wagyu x Limousin (WxL), and Limousin (L). Statistical data:  Breed OH-Pro (P > 0.1, SEM = 0.11) and Breed HP (P > 0.1, SEM = 0.03).
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Figure 4.
Appearance of Troponin-T fragment over time PM in cattle fed a non-oil diet only.  N = 18, P < 0.0001, SEM = .0143.  Days with different  superscripts differ (P < 0.0001).
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Figure 5.
The effect of breed on the appearance of the Troponin-T 30 kDa fragment and on the Troponin-T degradation rate between d 1 and d 14 PM.  Breeds, N=18: Wagyu (W), Wagyu x Limousin (WxL), and Limousin (L). In the comparison of breed with fragment appearance, the bars with different superscripts differ; P < 0.1, SEM = 0.03.  In the comparison of breed with Troponin-T degradation rate, the bars with different superscripts differ; P < 0.05, SEM = 0.04.
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Figure 1.	Effect of breed on Warner-Bratzler shear force overtime PM.  Breeds, N=36: Wagyu (W), Wagyu x Limousin (WxL), and Limousin (L).  Statistical data: Breed (P < 0.05, SEM = 0.18), Day (P < 0.0001, SEM = 0.13), and Breed*Day (P = .1093, SEM = 0.23).
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