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ABSTRACT:  The aim of this study is to estimate the change in farm income resulting from a genetic change in beef tenderness.  We constructed a hypothetical but realistic model of tenderness, assessed as Warner-Bratzler shear force (WBS) at a population mean from 2.0 to 7.0 kg.  Four tenderness classes representing tender, acceptable, slightly tough and tough carcasses were constructed with premiums and discounts varying between classes.  Carcass value at each WBS was the product of fraction of carcasses within tenderness class together with premiums and discounts within each class.  Such a pricing system would be consistent with an alliance rewarding participants for enhanced tenderness.  This is not a feature of current carcass pricing.  Economic value (EV) was derived as the impact of a marginal (-.1 kg) change in sire breeding value for WBS on future farm income.  Economic value for WBS was worth up to $520 in increased future farm income.  Economic value for genetic change in WBS was a maximum at WBS of 2.7, 3.2 and 3.8 kg for payment systems that included  premiums for tender beef, payments + discounts or  discounts for tough beef, respectively.  Derived economic values were non-linear over the range in WBS and sensitive to both population mean WBS and payment system.  The value of selection for enhanced tenderness, as WBS, was greatest when payments included both premiums and discounts for tenderness.  Inclusion of tenderness in genetic evaluation should be assessed relative to the population mean for WBS and payment system. 
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Improving product quality and consistency is a major goal of the beef industry.  Tenderness has been identified as the most important factor determining consumer’s perception of taste (National Cattleman's Association, NCA 1994).  A total quality management approach to improving beef tenderness  QUOTE "(Tatum et al., 1999)" 
(Tatum et al., 1999)
 would require identification of   "critical control points" (CCP) at which process control might improve tenderness acceptability.  An integrated beef production system can be characterized as having cattle uniquely identified, including of tenderness in carcass pricing and tenderness pricing signals translated through industry sectors.  Within an integrated system, the first CCP to enhance tenderness are genetic inputs such as choice of breed or selection of sire within breed.  The financial consequences of improving beef tenderness should be evaluated prior to its inclusion in genetic evaluation and genetic selection.   

Animal breeders use economic values to describe the marginal change in profit for an enterprise,  resulting from an independent unit genetic change in an animal trait.  Derived EV indicate the importance of a trait’s inclusion into a breeding program  QUOTE "(Harris, Stewart, and Arboleda 1984)" 
(Harris et al., 1984)
.  The aim of this study is to derive EV for genetic change in beef tenderness and provide recommendations for inclusion of tenderness into beef cattle breeding programs. 

Methodology

Modeling tenderness

Tenderness, assessed as Warner-Bratzler shear force (WBS)  QUOTE "(Wheeler, Shackelford, and Koohmaraie 1997)" 
(Wheeler et al., 1997)
 measures were modeled from a population ~N((,((*CV)2) where: ( =2.0 to 7.0 kg is the mean WBS value for slaughter age progeny within a herd and variance is scaled in proportion to (. The coefficient of variation was assumed constant at .21 (a mean of several literature estimates) over the range in (.  A lower WBS means less force is required to shear a sample of meat indicating more desirable tenderness.

It is necessary to know the proportion of carcasses within tenderness classes and the price of carcasses within each class. Given (, and a probability distribution for the trait, income per carcass I(() can be calculated as the mean value of carcasses in the population ( QUOTE "(von Rohr, Hofer, and Kunzi 1999)" 
von Rohr et al., 1999)
 as: 

where: I(() = average income per carcass, n = number of tenderness classes, Pi = price per carcass within the ith tenderness class, Fi = fraction of the population within the ith tenderness class, Bi = upper boundary of the ith tenderness class.

Truncation points for beef tenderness classes (TE, A, S, TO) representing tender, acceptable, slightly tough and tough, respectively, together with payment per kg carcass weight within each category are shown in Table 1.  Truncation points were similar to those of  QUOTE "(Shackelford et al., 1991)" 
Shackelford et al. (1991)
 of 3.9 and 4.6 kg for foodservice and retail beef, respectively.   QUOTE "(Boleman et al., 1997)" 
Boleman et al. (1997
) assigned carcasses into tenderness classes with WBS ranges of 2.27-3.58, 4.08-5.40 and 5.90-7.21 for assessing consumer acceptance of beef from three tenderness categories.  The National Cattleman’s Association  QUOTE "(National Cattleman's Association 1994)" 
(NCA 1994)
 recommended a threshold of 4.54 kg WB between tender and tough beef.  Industry consensus suggest there is insufficient data to establish definitive relationships between consumer responses to tenderness measures  QUOTE "(Wheeler et al., 1997)" 
(Wheeler et al., 1997)
.

Payment for tenderness 

Three payment systems for tenderness were defined as 1. payment of a premium (P) for beef in the TE class, 2. incurring a discount (D) for beef classed as S or TO and 3. a combination of premiums and discounts (P+D).  Payments and discounts were derived from  QUOTE "(Lusk et al., 1999)" 
Lusk et al. (1999)
 who determined that consumers would be willing to pay a $1.10. to $4.07 per kg premium for guaranteed tender steak.  A conservative payment spread ($.25 premium to $.25 discount per kg carcass weight) for carcasses supplied to a beef processor was assumed.  Carcass weight was assumed at 320 kg and 30% of cuts on a weight basis were assumed to benefit from improved tenderness, the remainder being sold as grinding beef or already of acceptable tenderness.

Table 1. Premiums (P) and discounts (D) ($/kg carcass weight) for carcasses within tenderness classes.


Class
TE
A
S
TO

WBS 
<3
3.01-3.9
3.91-4.6
>4.6

P
+0.25
0
0
0

D
0
0
-0.15
-0.25

P+D
+0.25
0
-0.15
-0.25

Derivation of economic values

Mean carcass price (MCP) at (, relative to a carcass with no premiums or discounts for tenderness, is the product of proportion of carcasses within a tenderness class (the height of each curve at (, Figure 1) and premiums and discounts assigned to tenderness classes.  Marginal value product (MVP) of tenderness was the change in MCP resulting from a marginal (-.1 kg WBS) change in (, over the range of ( from 2. to 7.0 (equation 2). 
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A commercial self-replacing beef herd comprising 300 purebred British-breed cows was simulated assuming herd age structure, slaughter age and heifer replacement rates representative of an integrated western beef cattle operation  QUOTE "(Charteris, Amer, and Golden 1999)" 
(Charteris et al., 1999)
.  A sire was assumed mated to 30 cows per year for four years.  From the herd model, the effect of a marginal (-.1 kg WBS) genetic change in sire breeding value for tenderness on future herd income was determined.  A sires genes for tenderness were expressed in steer and heifer descendents at harvest, with cull cow carcasses not receiving differential tenderness payments.
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Discounted gene-flow methods  QUOTE "(McClintockand Cunningham 1974)" 
(McClintock and Cunningham 1974)
 were used to calculate the number of discounted gene expressions (DGE) of genetic superiority for a sire assessed over his descendents.  Using a discounting rate of 4%, future income flows were calculated as net present values (NPV) over a 20-year time horizon ( QUOTE "(Amer 1999)" 
Amer., 1999)
.  Economic value for beef tenderness is the product of MVP and DGE.  Economic values are expressed as the change in farm profit per sire-lifetime ($NPV) from a marginal (-.1 kg) change in sire genetic merit for WBS. 

Results and Discussion

The proportion of carcasses within each tenderness classification over the range of mean WBS 2 to 7 is shown in Figure 1.  At a WBS of 2, all carcass were in the tender category, while at WBS of 7, 95% of carcass would be classified as tough.  At intermediate WBS, the proportion of carcasses classified as acceptable (A) or slightly tough (S) were highest.  A carcass with a WBS of approximately 4.2 would have a near equal chance of being classified as A, S or TO, highlighting the difficulty of tenderness classification.  The distribution of carcasses within tenderness classes is right-skewed, reflecting heterogeneous variance with (.   
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Mean carcass value at each mean WBS is a function of the proportion of carcasses within tenderness class and the size of premium or discount allocated to that tenderness class (Figure 2).  Carcass value was the same for P+D payment systems as for P and D payment systems at high and low WBS, respectively and intermediate between both payment systems at WBS 3 to 4.5.  Marginal value product at intermediate WBS scores was greater for P+D payment system than for P or D payment systems.
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Figure 1.  Model prediction of proportion of carcasses within each tenderness class as WBS increases. Carcasses classified as tender (__), acceptable (…), slightly tough (---) and tough (-.-.-). 


 Figure 2.  Deviation from carcass price with no differential payment for tenderness.  Discount only (__), premium only (…) and premium + discount (---). 


First derivatives of the functions shown in Figure 2 (slope), multiplied by -1/10, represent the MVP for a small marginal change in WBS.  This MVP, multiplied by DGE represents the effect of a marginal change in sire genetic merit for tenderness on future enterprise income.  The DGE for  tenderness per sire was 78, representing the discounted number of times a unit of genetic superiority in a sire would be expressed in a herd over a 20-year time horizon.  Economic values for  WBS, as $NPV per sire-lifetime are shown in Figure 3.      


From Figure 3, the value of a marginal change in sire genetic merit for tenderness ranged from zero to approximately $520.  This implies that a -.1 kg change in sire genetic merit for tenderness would increase enterprise income by $520 per sire-lifetime, when evaluated over a 20-year time horizon.   Maximum EV at payment systems of P, P+D and D occurred at population mean WBS of 2.7, 3.2 and 3.8, respectively.  If a P+D payment system is implemented, the value of genetic change, over the range of population means modeled, is greater, or as great, than when payment comprises only P or D.

Figure 3.  Economic value of a -.1 kg change in WBS ($ NPV per sire-lifetime over a 20 year time horizon) under three payment systems, discount only (__), premium only (…) and premium + discount (---).


The EV of genetic change at extreme WBS scores is the same for P and P+D and for P+D and D, reflecting the fact that all carcasses would occur in classes that either attracted premiums only or discounts only at these values of WBS.  The same EV can occur twice for the same payment system.  For example, an EV of $400 per sire-lifetime occurs at WBS =2.6 and 3.9 in the P+D payment system.  This reflects increasing and then diminishing returns to producers from changes in genetic merit in the herd.  The former value largely reflects the value of genetic change through attracting greater premiums while the latter value reflects fewer carcasses incurring discounts.  For the P and D payment systems, EV reflects the marginal benefit of a higher portion of carcasses attracting premiums and a lower portion accruing discounts, respectively.

The non-linearity of economic values over the range of population mean values for tenderness is a reflection of the non-linear change in mean carcass price (from Figure 2).  Barwick and Henzell (1999) found the same trend in EV for marbling over the range of mean marbling score when the aim of selection was to increase carcass income for Japanese market requirements.  

Economic values were sensitive to changes in mean WBS for the population.  Such a change in WBS may arise from non-genetic management such as electrical stimulation.  For example, given a population WBS of 4.0, assume the impact of non-genetic change is to improve WBS to 3.5.  The resulting EV would change by +$140, -$40 and +$80 per sire-lifetime for P, D and P+D payment systems, respectively.


The value of genetic change in beef tenderness was sensitive to the population mean value in WBS.  Cattle representative of Bos indicus genotypes, having large WBS would benefit from genetic change in WBS when carcasses are discounted for tough meat. The value of genetic change in WBS is enhanced when cattle representative of Bos taurus genotypes, having low mean WBS, are rewarded with premiums for tender beef. 

Implications
Inclusion of tenderness in beef cattle breeding programs should be made together with knowledge of the mean level of tenderness in the population and likely future payment system.  For example, at WBS of 3.0, a producer anticipating a payment system that rewards carcasses for superior tenderness would over-estimate the value of genetic change four-fold if the payment system included only discounts for tough beef.        

Further research should assess the sensitivity of EV for beef tenderness under terminal sire vs. maternal mating systems.  Furthermore, the results from this study are relevant only to the tenderness classification and payment systems modeled.  To provide more complete recommendations for inclusion of tenderness into beef cattle breeding programs, the relative magnitude of tenderness EV should be compared with EV for reproduction, growth and carcass traits.   
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