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CHAPTER |

WHY WAGYU?

Introduction

Wagyu beef is an increasingly popular product among today’s U.S. beef consumers
because of its taste and tenderness resulting from high amounts of marbling and unique healthy
fat composition. Wagyu genetics contribute to a higher amount of oleic acid, a healthy
monounsaturated fat, in beef (Smith, 2018). Marketing opportunities for Wagyu beef continue to
grow with increased options in online shopping, product differentiation, and grocery delivery
capacities facilitating market access to Wagyu beef products for more consumers (Ghelani and
Hua, 2022). While increasing in size, Wagyu is still a very small market and reliable statistics are
difficult to find. HNY Research (2021), an independent market research and consulting company,
reported an expected compound annual growth rate of 3.7% in the global Wagyu retail beef
market through 2027. Not surprisingly, 2019 data indicate North America had a 24% market
share of global Wagyu beef consumption (Technavio, 2021). U.S. median household income per
capita in 2021 was $69,021 and is ranked as one of the top 10 countries in this category (U.S.

Census Bureau, 2023). Dubois et al. (2001) found consumers with higher incomes can justify



purchasing expensive luxury goods due to the quality and utility associated with those goods.
Beef is defined as a luxury good based on its income elasticity, meaning as income increases,
budget share for beef products also increases (Gallet, 2010). Godfray et al. (2018) share that
increases in global per capita consumption of meat is driven by increasing individual disposable
incomes and population growth. It is difficult to find current statistics for Wagyu beef
consumption in the U.S. However, the USDA (2023) reported U.S. beef consumption per capita
at 59.1 pounds for beef products (retail weight) in 2022. U.S. Wagyu beef supply consists of both
domestic and imported product, with an increase in the number of Wagyu-influenced cattle

contributing to domestic supply.

Wagyu in the U.S.

Four Japanese Wagyu bloodlines were originally imported into the U.S. in 1975
(American Wagyu Association, 2023a). About 200 head of Wagyu breeding stock were imported
from 1975 to 1997. Imports halted in 1997 when the Japanese government enacted an export ban,
declaring the cattle a national living treasure (American Wagyu Association, 2023a). However,
the breed has continued to grow, with purebred registrations for 2021-2022 exceeding 11,000
head (American Wagyu Association, 2022). According to Steve Bennett, past Executive Officer
in the Australian Wagyu Association and owner of Wagyu International (2019), approximately

40,000 head of Wagyu and Wagyu crossbred cattle were on feed in the U.S. in 2019.

Past research found Wagyu cattle exhibit slower growth rates requiring significantly
more days on feed. Conventional U.S. cattle on a grain-finishing diet are harvested between 14 to
22 months of age while purebred Wagyu cattle are harvested between 29 to 32 months of age
(Broocks et al., 2017; Mizoguchi et al., 2005). Lunt et al. (1993) concluded Angus steers gained
approximately 0.45 pounds more per head per day than American Wagyu. Radunz et al. (2009)

found Wagyu-sired cattle from Angus cows were on feed an average of 77 days longer than



Angus-sired cattle. This extended production cycle increases production cost per pound for

Wagyu cattle relative to other breeds.

Wagyu were bred with Angus, a popular U.S. breed of British descent, in an effort to
achieve more efficient feed conversion. Progeny from this crossbreeding effort are called Wangus
cattle. Crossbred offspring tend to exhibit hybrid vigor regarding increased performance, feedlot
health, heavier carcass weights, and improved yield grades (Barker, 1995). Wangus cattle
combine the most advantageous traits from Angus cattle; including high calving ease, high
growth rates, increased marbling, and a large genetic population, with Wagyu’s low birth
weights, exceptional marbling, and superior taste and tenderness (American Angus Association,

2013; American Wagyu Association, 2023b).

Supply Chain Linkages

Given the unique nature of Wangus production, producers may benefit from direct
relationships with feedyards, processors, and buyers. These relationships can reduce costs, give
flexibility to problem resolution, and improve value signals (Schroeder, Coffey, and Tonsor,
2021). A case study approach can further enhance understanding linkage importance within
different segments of the Wagyu and Wagyu-influenced beef supply chain. Data was sourced
from a Midwestern specialty cattle ranch focused on Wangus cattle and operating in seedstock,
cow-calf, and feedlot stages of the beef supply chain (Figure 1). The specialty ranch’s supply
chain relationships were examined through interviews with their customers, including those who
purchase Wangus genetics and market calves back to the ranch-owned feedlot as well as those
who purchase fed Wangus cattle at harvest. Email and phone surveys were conducted with both
customer groups. Surveys evaluated fed cattle buyers’ and Wangus bull customers’ motivations

and marketing of Wagyu-influenced cattle within these supply chain relationships with the



specialty ranch and feedlot. Half (16) of the 32 Wangus bull customers and two-thirds (4) of 6 fed

cattle buyers responded. Surveys are included in the appendix (OSU IRB-22-357).

All bull customers were cow-calf producers. The ranch initially created a calf buy-back
agreement to purchase bull customers’ Wangus cattle for their feedlot. This program ended in
2019. Half participated in the calf buy-back program, securing a market for their Wangus calves.
Annual calf crops ranged from 30 to 850 head with varied percentages of Wagyu-influenced
calves. Two-thirds reported no additional production costs associated with Wagyu genetics
(excluding bull purchases), though customers primarily sold Wangus calves and additional costs
are more likely during the later feeding stage. Forty percent reported market premiums for those
calves, averaging 27.5% above other calves they sold. After the buy-back program ended, one-
third of producers fed calves to harvest weight to market Wangus freezer beef directly to
consumers while two-thirds sold calves at local auctions, reporting little to no marketing — an
indication of the buy-back program’s importance for those producers (Figure 2). Survey questions
asked about motivations for implementing Wagyu genetics. Responses are represented in a word
cloud. Word clouds are a qualitative method of illustrating text data where larger font sizes
represent a higher frequency of keywords (Jin, 2017). Bull customers most commonly cited

motivations were marbling and quality (Figure 3).

The feedlot’s two primary fed cattle customers individually comprise 75% and 23% of
sales, leaving 2% purchased by smaller buyers. Customers procured 10 to 50% of their annual fed
cattle purchases from the feedlot. Responses indicate supply chains do differ between larger and
smaller scale customers (Figure 4). Larger buyers procure fed Wangus cattle weekly or biweekly,
process cattle in their own packing plant, and distribute branded beef products to retail entities.
Smaller fed cattle buyers only procure Wangus cattle annually or biannually, secure custom
slaughter, and distribute the beef to butcher shops, consumers, or small-scale retailers. Both

report paying 15% premiums to the feedlot over their other cattle procurements and selling



Wangus beef for 50% premiums over other beef products they sell, on average. Feedlot customers
view Wangus beef as part of a portfolio mainly composed of Angus beef, local and natural

claims, prime quality grades or a combination of attributes. Fed cattle buyers indicated their most
common motivations for purchasing Wangus cattle were to attain prime USDA quality grades
(Figure 5). Similar motivations exist for both customer groups to purchase Wagyu-influenced
cattle for their unique carcass traits. Both customer groups are utilizing Wangus to also increase

the proportion of prime grading cattle rather than for marketing the Wagyu name.

Objectives

Most research conducted over Wagyu cattle has only examined physical differences
between Wagyu and conventional beef breeds, but with no economic analysis (e.g., Lunt et al.,
1993; Mir et al., 1999; Radunz et al., 2009; McGee et al., 2013; Park et al., 2018). Research will
inform cattle producers about economic considerations associated with producing Wagyu-
influenced cattle. Understanding price premiums and profitability associated with Wangus cattle
can provide cattle producers knowledge to make informed decisions regarding production of

Wagyu-influenced cattle.

Obijective 1 analyzes price composition for fed Angus cattle and for Wangus cattle of
varying Wagyu genetic influence, including whether price premiums are associated solely with
carcass cut-out characteristics or if a component of price is driven by perceived added quality
attributable to the Wagyu name. Research uses a hedonic model analysis of Wangus price
components. Objective 2 compares feedlot profitability across sex, feedlot start weight, and
various genetic percentages in Wangus cattle. Analysis of Variance (ANOVA) procedure is a
multiple comparison analysis test implemented with Tukey’s method to determine pairwise

differences among subgroups (McHugh, 2011).
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Figure 1.2. Supply Chains Reported by Specialty Ranch’s Wangus Bull Customers
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CHAPTER II

INFLUENCE OF WAGYU BEEF GENETICS ON FED CATTLE PRICE

Introduction

Increasing consumer demand for Wagyu beef, coupled with higher prices relative to
conventional beef, has spurred some cattle producers to differentiate and supply this growing
market seeking to capture potential profits. Consumers enjoy the unique flavor and tenderness
associated with Wagyu and are willing to pay premiums for these traits that result in a high-
guality eating experience. At Raider Red Meats, Texas Tech University’s in-person and online
meat store, Wagyu certified ribeye steaks sell at $5.21 per ounce while USDA Prime ribeye
steaks sell at $2.61 per ounce (Raider Red Meats, 2023). However, low average daily gains and
extended production cycles of Wagyu cattle have encouraged producers to crossbreed Wagyu
with Angus cattle. These progeny, known as Wangus, benefit from heterosis that occurs when

combining Wagyu’s unique carcass traits with Angus’ production efficiency.

For meat labelling and marketing, the USDA Agricultural Marketing Service (AMS)

requires cattle be traceable to at least one registered fullblood or purebred (93.75%) Wagyu

13



parent to qualify for Wagyu-influenced certified beef programs, such as American Wagyu
(Nelson, 2021). Even when cattle do not qualify for Wagyu labelling, producers may capture
added value from Wagyu genetics. Wagyu genetics can increase the percentage of cattle grading
prime at harvest, resulting in premiums for this coveted carcass trait. Radunz et al. (2009) found
Wagyu-sired fed cattle graded prime at a rate of 65% compared to 21% for Angus-sired cattle,
resulting in a higher value carcass and more highly marbled beef cuts. Anecdotal evidence
suggests Wangus cattle may command a price premium relative to cattle without Wagyu genetics,
based on Wagyu’s reputation for unique flavor and tenderness, even when those cattle do not

qualify to be marketed as American Wagyu.

Objectives

While influence of carcass traits on price is well known, it may not fully explain price
differences. A component of producer price may be driven by perceived added quality
attributable to the Wagyu name. This research analyzes price composition for fed Angus cattle
and for Wangus cattle of varying Wagyu genetic influence. A specific objective is to measure
price components associated with carcass characteristics and degrees of Wagyu influence. If price
premiums are significant for Wagyu genetics, beyond the impact of specific carcass traits, then
additional value of Wangus carcasses may be attributed to market value added by marketing and

public perception.

Literature Review

Research to date on both full-blood or American Wagyu cattle and beef has not studied
economic viability but rather differences in production efficiencies and retail product
characteristics. Early studies found Wagyu influenced cattle had lower red meat yield and feedlot
performance compared to conventional crossbred beef cattle (Lunt et al., 1993; Mir, 1999).

Radunz et al. (2009) noted Wagyu-sired cattle from Angus cows had a decreased daily feed

14



intake relative to full-blood Angus, helping explain why this breed requires more days on feed.
While it is evident Wagyu cattle would have more desirable USDA quality grades than domestic
beef breeds due to their high marbling genetics, undesirable USDA yield grades can result in
carcass discounts (Lunt et al., 1993). McGee et al. (2013) stated research with Wagyu cattle to
produce more feed-efficient animals with high intramuscular fat and improved growth rates will
help maximize profitability. Radunz et al. (2009) and McGee et al.’s (2013) research on
production cycle differences of Wagyu cattle from conventional breeds raises questions about

cost versus value.

Scientists have investigated what defines Wagyu as a specialty breed versus conventional
breeds. lida et al. (2014) concluded Wagyu beef samples with an intramuscular fat content of
23.8% to 48.6% had increased tenderness and juiciness relative to conventional beef. In contrast,
Park et al. (2018) reported Angus carcasses typically average 14.7% intramuscular fat. U.S.
consumers noted palatability trait differences between samples of fullblood Wagyu and Angus
beef (Smith, 2016). These differences are attributed to the higher and distinct fat composition of
Wagyu. Wagyu cattle have a higher genetic propensity to produce oleic acid, a molecule
correlating with marbling, which helps reduce cardiovascular disease risk (Smith, 2016). Wagyu
is treated differently in Japanese markets based on its distinctive eating characteristics. Thompson
(2004) documented Japanese beef consumption is evaluated under three categories: imported
beef, domestic dairy beef, and Wagyu beef. Mori et al. (1989) also noted previous studies of meat
markets in Japan treated Wagyu as a separate category from imported beef or domestic dairy

beef.

In agriculture, a majority of the market is composed of commaodity products and
producers rely on cost saving production methods to make a profit (Hayes and Lence, 2002). Jin
et al. (2008) found price premiums existed for brands within the fresh produce sector, but branded

produce experienced a smaller market share compared to brands in other household good
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categories. Hayes and Lence (2002) concluded if agricultural producers could embrace niche
products or strive to produce in brand affiliations, there could be opportunities for consumers to
pay the extra cost. Wahl et al. (1995) specifically examined the contribution of quality
characteristics to prices of Japanese Wagyu beef. A hedonic price model was implemented using
a semi-log function to understand implicit values Japanese consumers placed on the following
characteristics: carcass weight, ribeye area, ribeye thickness, backfat thickness, intermuscular fat
thickness, yield grade, sire information, marbling score, specific components of quality, and
quality grade. Wahl et al. (1995) concluded ribeye area and marbling score had positive effects on
beef carcass price while sires, meat firmness, and meat texture also had significant effects.
Similar to Wahl et al. (1995), this study utilizes a hedonic model to measure differences in

fullblood Angus and percentages of Wagyu heritage instead of fullblood Wagyu.

Data

Data were secured from a privately owned feedlot in the Midwest region of the United
States. Fed cattle buyers for this feedlot are composed of both small- and large-scale customers
featuring portfolios of USDA Prime beef, Angus beef, and locally raised claims. There are a total
of 20,750 observations, consisting of 17,152 head of Angus cattle and 3,418 head of Wangus
cattle. Harvest dates range from January 2013 through July 2021. Data includes individual
carcass characteristics for both Wangus and Angus cattle including USDA quality grade, USDA
yield grade, gender, ribeye area in inches squared, hot carcass weight in pounds, live weight in
pounds, and sales price in U.S. dollars. For Wangus cattle, the extent of Wagyu genetics is
recorded as 50%, 25%, or 12.5%. For clarity of communication, Wagyu genetics are designated
as Ws,, W5, and Wi, s. USDA quality grade is assigned to each carcass primarily based on the
degree of marbling (Hales et al., 2013). All nine USDA quality grades of marbling distribution
from Standard to High Prime are represented in the data. Cutability contributes to USDA yield

grade which ranges from one to seven, specifically in this data set (ZoBell et al., 2005). USDA
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only reports yield grades one through five, but the yield grade calculation in equation (1)

technically could estimate yield grades six and seven (ZoBell, 2005).

D Yield Grade = 2.50 + (2.50 * Adjusted FT) + (0.20 = Percent KPH Fat) +
(0.0038 * HCW) — (0.32 * REA)

In equation (1), FT is Fat Thickness in inches, KPH is Kidney, Pelvic, and Heart, HCW is Hot
Carcass Weight in pounds, and REA is Ribeye Area in inches squared. The feedlot keeps more
detailed information on higher yield grade animals in order to calculate USDA yield grades above
five. Several observations had missing data and were removed. Only one observation was
recorded as yield grade seven, so this observation was also dropped. As a result, the number of
total usable observations decreased to 17,253 with 15,006 head of Angus cattle and 2,247 head of

Wangus cattle. Table 1 provides variable definitions and summary statistics.
Methods & Procedures

Since harvest dates range from 2013 to 2021, annual and seasonal effects need to be
neutralized. CME Fats Daily Futures price data were acquired from the Livestock Marketing
Information Center (LMIC). Sales price per head was divided by live weight to create sales price

in dollars per hundredweight in equation (2) below.

(@  PCWT = (3)+100

Cattle were assigned a CME Fats Daily Futures price corresponding with harvest date or the next
available contract date. CME Fats Daily Futures price is subtracted from sales price to obtain

basis in dollars per hundredweight as shown in equation (3).
3) Basis = PCWT — FCWT

CME Fats Daily Futures price data should neutralize annual effects. However, it is unknown if

seasonality effects will also be neutralized with this data, so quarterly dummy variables are
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included to capture any remaining seasonality. Allocation of quarterly variables were based on
the month of each animal’s harvest date. Quarter one includes months January through March,
quarter two is April through June, quarter three is July through September, and quarter four is

October through December. For clarity of communication, harvest date quarters are denoted as

Q1, Q2, @3, and Q.

Dressing percentage was calculated dividing hot carcass weight by live weight and is
stated in percentages to increase ease of interpretation. Ribeye area and dressing percentage are
continuous variables while Wagyu percentage, USDA quality grade, yield grade, gender, and

harvest date quarters are categorical variables.

One of the most well-known product differentiation models is by Rosen (1974), who
proposed the theoretical framework for the hedonic price model. A hedonic price model evaluates
how a set of goods are valued based on individual values of utility attributes or characteristics.
Rosen noted when goods are treated as fixed bundles of characteristics, observed market price
differences would be comparable because of standards for those characteristics. The framework

for a hedonic price model is:

(4) Z = (21,23, ) Zn)

(5) P(Z) = p(Z1,Z2, ---JZTL)
where n is number of measured characteristics, z measures the amount of the characteristic

contained in each good, and p(z) is a price defined at each combination of z and n.

The hedonic price model, implemented here, models price as a function of Wagyu
percentages, USDA quality and yield grade, ribeye area, dressing percentage, gender, and harvest
date quarters. Angus, steers, USDA Average Choice quality grade, USDA vyield grade 3, and
Q4 are chosen as reference categories, based on those respective categories having the highest

frequency among observations. The hedonic price model is formulated in equation (6) in a linear-
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linear format with each variable defined as shown in Table 1 and € as a disturbance term where i

is each individual animal.

(6) Basis; = By + BoWso + BsWos + BaWia s + BsST + B6SEL + B7SEy +
PsCHy, + BoCHy + B1oPRy, + B11PRy + B12PRy + B13YG1 + B1,YG2 +
B1sYG4 + B16Y G5 + B17YG6 + B1gDP + B1oREA + ByoH + 210, + B220Q03 +

P23Qs + €

The estimated hedonic price model assigns a monetary value to each trait and Wagyu
percentage variable. While individual parameter estimates are of interest, three key joint
hypotheses are also tested using F-tests. Hypothesis 1: Carcass traits do not influence price. The

alternative hypothesis is carcass traits do influence price.

(7 Ho:Bs = -+ = P20 = 0
Hy: At least one § # 0

However, this test does not fully explain all potential impacts on Wangus cattle prices.

Hypothesis 2: Wagyu percentage level has no influence on price. The alternative hypothesis is

Wagyu percentage level does influence price.

(8) Ho:Bo=B3=P1=0
Hy: At least one f # 0
The CME Fats Daily Futures adjustment to price neutralizes any annual price impacts but may
not neutralize seasonality. Hypothesis 3: CME Fats Daily Futures price adjustment neutralizes
seasonality effects on price. The alternative hypothesis is CME Fats Daily Futures price

adjustment does not neutralize seasonality effects on price.

9) Hy:B21 = Paz = P23 =0

Hy: At least one § # 0
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Results & Discussion

Estimated results from the hedonic price model in equation (6) are presented in Table 2.
Regression analysis was conducted using proc reg, a simple linear regression, in SAS 9.4. Output
includes parameter estimates and p-values. Auto-correlation and heteroskedasticity tests were
conducted for model diagnostics. The Breusch-Godfrey test indicates no autocorrelation is
present in the model (Durbin-Watson = 0.413, p < 0.0001). Heteroskedasticity tests performed in
SAS indicate no significant heteroskedasticity in the hedonic price model (x? = 13362.4, p <
0.0001). Analysis of OLS assumptions conclude the model is structured properly to estimate

accurate results.

Hypothesis 1 that s = --- = B, = 0 is rejected concluding carcass characteristics as a
group do influence price (F = 440.85 and p < 0.0001). Additional price variability is explained by
Wagyu influence on Wangus carcass prices. Hypothesis 2 that 8, = 3 = 8, = 0 is also rejected
concluding Wagyu genetics percentage does influence price (F = 14.41 and p < 0.0001).
Seasonality effects also contribute to additional price variability. Hypothesis 3 that 8,; = 5, =
B3 = 0 is rejected concluding CME Fats Daily Futures price adjustment does not neutralize

seasonality effects on price (F =1718.52 and p < 0.0001).

Parameter estimates represent the value of an individual characteristic as a component of
total fed cattle price in dollars per hundredweight. Evaluation of all coefficients’ p-values at a 5%
significance level indicates only W5, is not statistically significant. Signs for USDA quality grade
parameter estimates matched expectations, demonstrating most grades below USDA Average
Choice were discounted while grades above USDA Average Choice received premiums.
Discounts for USDA Standard, Low, and High Select were -$18.39, -$7.69, and -$7.74 while
premiums for Low Choice, Low Prime, Average, and High Prime were $0.72, $8.04, $5.53,

$6.17, respectively. Signs for USDA vyield grades below USDA vyield grade 3 did not match
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expectations. USDA yield grades 1 and 2 were expected to be positive but instead were negative,
suggesting buyers value cattle more at the reference category, USDA vyield grade 3. Signs for
yield grade estimates higher than USDA yield grade 3 matched the anticipated response. USDA
yield grades 4, 5, and 6 did have expected increased negative estimates of -$1.64, -$4.72, and -
$10.59. USDA yield grade 6 has a higher margin of discounts compared to USDA yield grade 5,
implying the negative impact on producer price for pushing cattle to a farther endpoint. Producers
will put cattle for more days on feed to reach their genetic potential and claim higher USDA
quality grades but must maintain a delicate balance to avoid receiving higher USDA vyield grades.
Ribeye area and dressing percentage were positive as expected at $0.55 and $1.86. The slight
negative estimate for heifers of -$0.82 was expected when compared to steer counterparts.
Estimate signs for harvest date quarters were as anticipated for Q,, but not for Q,. Cattle
harvested in Q, and Q5 had positive estimates of $5.83 and $2.73 while cattle harvested in Q, had
a discount of -$2.11, all when compared to Q,. Historical beef demand is highest in Q, and Q, for
summer and winter holidays, which makes a negative estimate for cattle harvested in Q,
surprising (Peel, 2019). Analysis was completed for fed cattle prices instead of retail beef prices

which could explain this result.

Parameter estimates for cattle with W5, W5, and W, s of Wagyu genetics are positive
at $1.58, $0.50, and $1.43, indicating price premiums exist for Wangus cattle over Angus cattle.
As mentioned previously, Ws,’s coefficient is not statistically significant, meaning there is not
additional value in marketing the Wagyu name for this group of Wangus cattle compared to
Angus. There is a smaller sample size of W5, in comparison to W, and W;, s because the feedlot
concentrates at producing cattle at W, . Given the focus of these fed cattle buyers to acquire
cattle reaching USDA Prime quality grades, they have not been focusing on American Wagyu
marketing. This context helps explain the lack of statistical significance for Ws,. Positive and

significant estimates for W, and W;, < suggest intrinsic value in the Wagyu name association in
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addition to value of carcass characteristics. Results also indicate there are premiums associated
with cattle below W5, even though they cannot be marketed as American Wagyu. This is a
positive outcome for producers who may want to integrate smaller percentages of Wagyu

genetics into their herds with the possibility of securing premiums from these cattle.

Producers indicate Wagyu premiums and higher rates of USDA Prime cattle drives their
production decisions. Results suggest value differences between USDA Prime and Choice
grading cattle are $7.92 per hundredweight between the means, without considering other factors
that might influence sales price (Figure 1). Figure 1 is a schematic box and whisker plot. Box
plots are a graphic tool to display data with medians, means, quartiles, outliers, minimum and
maximum observations (Liu, 2008). A diamond in the box represents the mean while the line
within the box represents the data median. Liu (2008) explains the box contains 50% of data
where the upper boundary is quartile three and lower boundary is quartile one. Length of the box
is known as the interquartile range which equals quartile three minus quartile one. Whiskers
extend from the box to fences which are designated at 1.5 times the interquartile range. The upper
fence is above quartile three and lower fence is below quartile one. Outliers are distinguished as
circles outside of fences. Figures 2 and 3 illustrate USDA AMS specification differences of
marbling for USDA Average Prime (moderately abundant marbling score) and USDA Average
Choice (modest marbling score) quality grades. While 20% of purebred Angus cattle from this
feedlot graded prime, 60% of both W5, and W, fed cattle graded prime and almost 50% of W;, 5
fed cattle achieved prime (Table 3). These figures and table demonstrate premiums available for
prime grading cattle as well as influence of Wagyu genetics on achieving higher USDA quality

grades.

Evaluating the combined effect of Wagyu genetics level and USDA quality grades or
yield grades can help producers understand value differences of different combinations, since

producers experience price differences based on favorable or unfavorable USDA quality or yield
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grades achieved by their cattle. Results from Table 4 are used to simulate differences in value in
dollars per hundredweight across Wagyu percentages, as USDA quality grade changes while all

other factors remain constant. Equation (10) shows how these value differences were calculated:

(10)  Value Difference = Wagyu % Estimate + USDA Quality Grade Estimate

Results show the highest discount is -$17.89 for USDA Standard quality grade at W,5. The
largest significant positive outcome is $9.47 for USDA Low Prime quality grade at W, 5 (Table
4). Recall W5, coefficient was not statistically significant. Thus, its interactions with USDA
quality grade may not be reliable. There is a positive interaction for combined effects between
Wagyu genetics and USDA quality grades, which impacts producer premiums. These simulations
illustrate the range of possibilities for value based on the degree of Wagyu genetics and the

USDA grade achieved.

Table 5 uses a similar simulation to show differences in value in dollars per
hundredweight across Wagyu percentages as USDA yield grade changes with all other variables

remaining constant as shown in equation (11) below.

(11)  Value Difference = Wagyu % Estimate + USDA Yield Grade Estimate

Results report the highest significant positive outcome is $1.43 for the reference category, USDA
yield grade 3, at W;, 5. Given, recognition of the W5, parameter estimate was not statistically
significant and its interactions with USDA yield grade may not be reliable. The highest discounts
are not surprisingly -$10.09 for USDA yield grade 6 at W, 5. Unlike the interaction of USDA
quality grades and Wagyu influence, USDA yield grades and Wagyu genetics may have an
inverse relationship. If Wangus cattle require more days on feed, this could result in higher yield
grades and lead to more discounts. Premium margins for USDA Prime quality grades demonstrate

producers should focus on obtaining higher quality over yield. Both Table 4 and Table 5 assist
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with expectations of what premiums or discounts are available for Wangus cattle at varying

genetics, quality, and yield grade combinations.

Conclusions

Ultimately, the goal of this research is to provide a stronger understanding of potential
price benefits from product differentiation of Wangus fed cattle. Using a hedonic pricing model,
this analysis explored influence of varying Wagyu beef genetics on producer price for fed Angus
and Wangus cattle. As expected, results suggest the market will reward producers for high USDA
guality grades, larger ribeye areas, and high dressing percentages. Seasonality also imposed
impacts on fed cattle prices. Positive estimates for Wagyu genetics influence indicate price
premiums exist for fed Wangus cattle in addition to any premiums attributable to differences in
carcass characteristics. Even though results from W5, in this case study were not statistically
significant, it is surprising but could be due to the feedlot and fed cattle buyers’ focus on
producing and marketing a higher percentage of prime instead of American Wagyu. While cattle
with less than Wg, may not have American Wagyu marketing advantages, producers may receive
premiums from these cattle based on buyers’ perceptions. Favorable perceptions of Wagyu
genetics are from increased beef palatability and marbling along with premiums for a higher rate
of cattle achieving USDA Prime quality grades. Results demonstrate Wangus cattle graded prime
at two to three times more often than Angus counterparts. Based on value difference results from
interactions of Wagyu genetics with USDA quality and yield grade, producers should focus
efforts on achieving USDA Prime quality grades over more desirable USDA yield grades. This
study can inform the decision-making of producers considering adoption of Wagyu-influenced
genetics. However, premiums alone do not dictate profit and this study does not measure
profitability. Therefore, further research is needed to evaluate costs of producing Wangus cattle

and to assess profitability across differing genetic combinations.
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Tables

Table 2.1. Definitions of Variables and Summary Statistics (n = 17253)

Variable Description Units Mean Std. Min. Max.
dev.

Wis  12.5% Wagyu 1= Yes; 0 = Otherwise 0.035 0 1
W5 25% Wagyu 1= Yes; 0 = Otherwise 0.094 0 1
Wsq 50% Wagyu 1= Yes; 0 = Otherwise 0.002 0 1

A Angus 1= Yes; 0 = Otherwise 0.870 0 1
USDA Quality Grade

ST Standard 1= Yes; 0 = Otherwise 0.003 0 1

SE; Low Select 1=Yes; 0 = Otherwise 0.001 0 1

SEy High Select 1= Yes; 0 = Otherwise 0.018 0 1
CH, Low Choice 1= Yes; 0 = Otherwise 0.088 0 1
CH, Average Choice 1= Yes; 0 = Otherwise 0.524 0 1
CHy High Choice 1= Yes; 0 = Otherwise 0.117 0 1
PR; Low Prime 1= Yes; 0 = Otherwise 0.104 0 1
PR, Average Prime 1= Yes; 0 = Otherwise 0.142 0 1
PRy High Prime 1= Yes; 0 = Otherwise 0.003 0 1

USDA Yield Grade
YG1 1 1= Yes; 0 = Otherwise 0.004 0 1
YG2 2 1= Yes; 0 = Otherwise 0.101 0 1
YG3 3 1= Yes; 0 = Otherwise 0.467 0 1
YG4 4 1= Yes; 0 = Otherwise 0.355 0 1
YG5 5 1= Yes; 0 = Otherwise 0.070 0 1
YG6 6 1= Yes; 0 = Otherwise 0.004 0 1
DP Dressing Percentage 0-100 62.24 2.00 50.46 74.15
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Table 2.2. Coefficient Estimation for Hedonic Price Model

Label Variable Estimate p-value

B1 Intercept -120.724 <.0001
B2 Wso 1.580 0.1357
B3 W5 0.503 0.0015
Ba Wizs 1.434 <.0001
Bs ST -18.395 <.0001
Be SE; -7.687 <.0001
B SEy -7.736 <.0001
Bs CH, 0.724 <.0001
Bo CHy 1.421 <.0001
B1o PR, 8.037 <.0001
B11 PRy 5.534 <.0001
B12 PRy 6.172 <.0001
B13 YG1 -1.802 0.0099
B1a YG2 -0.465 0.0029
B1s YG4 -1.635 <.0001
B1e YG5 -4.720 <.0001
B17 YG6 -10.590 <.0001
B1o REA 0.549 <.0001
B2o H -0.819 <.0001
B21 Q- 5.828 <.0001
B2z Qs 2.735 <.0001
B23 Q4 -2.105 <.0001
R? 0.5957

Adl'. R? 0.5952

Table 2.3. Percent Distribution of USDA Quality Grades

% Prime % Choice % Other
Angus 20 78 2
50% Wagyu 68 32 0
25% Wagyu 62 38 <1
12.5% Wagyu 50 50 <1
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Table 2.4. Value Differences of USDA Quality Grade at 50%, 25%, and 12.5% Wagyu, ceteris
paribus

Change in Basis ($/cwt.)

Quality Grade 50% Wagyu 25% Wagyu 12.5% Wagyu
Standard -16.81 -17.89 -16.96
Low Select -6.11 -7.18 -6.25
High Select -6.16 -7.23 -6.30
Low Choice 2.30 1.23 2.16
Average Choice 1.58 0.58 1.43
High Choice 3.00 1.92 2.86
Low Prime 9.62 8.54 9.47
Average Prime 711 6.04 6.97
High Prime 7.75 6.68 7.61

Table 2.5. Value Differences of USDA Yield Grade at 50%, 25%, and 12.5% Wagyu, ceteris
paribus

Change in Basis £$/cwt.2

Yield Grade 50% Wagyu 25% Wagyu 12.5% Wagyu
YG1 -0.22 -1.30 -0.37
YG2 1.12 0.04 0.97
YG3 1.58 0.50 1.43
YG 4 -0.05 -1.13 -0.20
YG5 -3.14 -4.22 -3.29
YG 6 -9.01 -10.09 -9.16
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Figures
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Figure 2.1. Box Plot Distribution of Value Differences between Prime and Choice Grading Cattle
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Figure 2.2. USDA AMS Specification of Marbling for USDA Average Prime (Moderately
Abundant Marbling Score) Quality Grade
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Figure 2.3. USDA AMS Specification of Marbling for USDA Average Choice (Modest Marbling
Score) Quality Grade
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CHAPTER Il

PROFITABILITY ANALYSIS OF DIFFERING GENETIC COMBINATIONS IN WAGYU-

INFLUENCED CATTLE

Introduction

Wagyu beef is popular among U.S. consumers because of the buttery taste and tenderness
associated with high amounts of marbling in its beef cuts. Research has shown Wagyu beef has a
unique healthy fat composition due to higher amounts of oleic acid found in its marbling
compared to marbling from traditional U.S. beef (Smith, 2018). High market prices for Wagyu
and Wagyu-influenced beef have spurred some cattle producers to differentiate to increase supply
for this growing market. According to Steve Bennett (2009), owner of Wagyu International and
past Executive Officer in the Australian Wagyu Association, approximately 40,000 head of
Wagyu and Wagyu crossbred cattle were on feed in the U.S. in 2019. To put the previous
estimate in perspective, USDA (2019) reported cattle on feed in 2019 totaled 12 million head.
While increasing in size since data discussed from 2019, Wagyu is still a very small market and

reliable statistics are difficult to locate.

Low average daily gains and extended production cycles of Wagyu cattle have
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encouraged producers to crossbreed Wagyu with Angus cattle to attain these desired carcass and
flavor characteristics more efficiently (Radunz et al., 2009). These offspring are known as
Wangus and, through heterosis, combine distinctive carcass traits from Wagyu with the
production efficiency of Angus. It is clear crossbreeding improves production efficiency relative
to purebred Wagyu and improves carcass quality characteristics relative to purebred Angus.
However, it is unclear how the degree of crossbreeding influences profitability across various

genetic combinations.

Objectives

The objective is to compare feedlot profitability of Angus and Wangus cattle. Differences
in feedlot profitability between different feedlot start weight groups as well as between steers and
heifers will be examined. Feedlot profitability differences will also be measured across various
genetic combinations, including Angus, and Wangus of 50%, 25%, and 12.5% Wagyu, noted here

as Ws, W5, and W, s, respectively.

Literature Review

Crossbreeding Wagyu with Angus is typically accomplished using Wagyu bulls with
Angus females to create Wangus. First generation offspring from purebred parents, with one from
each breed, are Wy, cattle. Second generation offspring are achieved by mating a first-generation
offspring, Ws,, with a purebred Angus resulting in W, cattle. Lastly, W;, 5 cattle are created
from mating a second-generation offspring, W, with a purebred Angus. Incorporating Wagyu
genetics through crossbreeding is expected to increase the percentage of prime quality grading
cattle, even for lesser percentages of Wagyu influence (Mir et al., 1999). Oyama’s (2011)
research found heritability estimates for marbling in Wagyu cattle are approximately 0.55, which
is considered a moderately to highly heritable trait. Angus’ marbling heritability estimate average

is 0.45 (Suther, 2009). Residual feed intake for Angus cattle is reported as moderately heritable at
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0.40, but Torres-Vazquez et al. (2018) determined there is a low to moderate unfavorable genetic

associations between feed efficiency traits with carcass traits such as marbling.

Radunz et al. found Wagyu-sired fed cattle graded prime at a rate of 65% compared to
21% of Angus-sired fed cattle, resulting in higher value carcasses. In their study, both groups of
cattle were born from Angus cows. However, Wagyu-sired cattle were on feed for an average of
77 days longer than Angus-sired cattle. Additional days on feed may allow Wagyu to increase
marbling, also known as intramuscular fat, but could potentially come at the expense of additional
subcutaneous fat. Intramuscular fat is a primary factor in determining USDA quality grades for
beef carcasses (Hales et al., 2013). Subcutaneous fat is external fat which is a key factor in
determining USDA vyield grades (ZoBell et al., 2005). Below is the USDA yield grade formula

from ZoBell et al. (2005).

3 Yield Grade = 2.50 + (2.50 * Adjusted FT) + (0.20 = Percent KPH Fat) +
(0.0038 * HCW) — (0.32 * REA),

where FT is fat thickness in inches, KPH is Kidney, Pelvic, and Heart, HCW is Hot Carcass
Weight in pounds, and REA is Ribeye Area in inches squared. Since this equation considers many
factors, it is important to note fat thickness helps determine a preliminary yield grade (PYG)
which will be used as a base for adjustments of other traits (ZoBell et al., 2005). A PYG of 3 has
0.40 inches of external fat while a PYG of 4 is 0.80 inches and a PYG of 5 would be 1.20 inches;
demonstrating how excessive amounts of subcutaneous fat contribute to yield grade discounts.
Intramuscular and subcutaneous fat have an inverse relationship on price and will affect

premiums available for Wagyu.

Most research to date over Wagyu cattle and beef has not studied economic viability.
However, some research on differences in production efficiencies and retail product

characteristics has been conducted. Early studies found Wagyu influenced cattle had lower
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feedlot performance and lower red meat yield compared to conventional crossbred beef cattle
(Mir etal., 1999; Lunt et al., 1993). Radunz et al. (2009) noted Wagyu cattle had relatively low
daily feed intake, further explaining why this breed requires more days on feed. While evidence
shows Wagyu cattle achieve more desirable USDA quality grades than domestic beef breeds,
potential undesirable USDA yield grades can result in discounts on carcasses (Lunt et al., 1993).
McGee et al. (2013) stated more research conducted on Wagyu cattle to produce feed-efficient
animals with high intramuscular fat and improved growth rates will help maximize profitability.
McGee et al. (2013) and Radunz et al.’s (2009) research on production cycle differences of

Wagyu cattle has also led to curiosity about whether Wagyu beef is worth the cost.

Research has shown differences exist in profitability between gender and feedlot start
weights. Langemeier et al. (1992) found profitability differences for steers and heifers were
mainly caused by differences in sales prices followed by feeder cattle prices and feed conversion
rates. Koknaroglu et al.’s (2005) research concluded steers had higher average daily gains and
tended to be more profitable than heifer counterparts. Williams et al. (1993) determined feeder
cattle price differences had higher impacts on profitability for cattle with lighter feedlot start
weights while fed cattle price differences had higher profitability impacts on cattle with heavier
feedlot start weights. Meanwhile, Langemeier et al. (1992) deduced profit variability for cattle
with lighter feedlot start weights was heavily influenced by cost of feed; cattle with heavier
feedlot start weights profit variability was strongly influenced by feeder cattle prices and average
daily gain. Research about Wagyu cattle stated above has only implied how differences in
production cycle lengths and feed efficiencies may affect profitability (McGee et al., 2013).
Recorded differences in additional days on feed and lower average daily gains exist for Wagyu-
influenced cattle (i.e., Radunz et al., 2009; Lunt et al., 1993; Mir et al., 1999) although impact of
these traits on profitability is likely different across various genetic combinations. Marketing

opportunities are present for cattle to quality for Wagyu-influenced certified beef programs, such
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as American Wagyu through USDA Agricultural Marketing Service (AMS) specifications
(Nelson, 2021). Price premiums from branded Wagyu programs may offset additional costs and

could increase profitability.

Hayes and Lence (2002) concluded if agricultural producers embrace niche markets or
strive to produce in branded programs, there could be opportunities for consumers to pay extra
production costs. Morrison and Eastburn (2006) conducted a study of brand value in a commodity
market, specifically focusing on branded beef products. They found a market exists for premium-
priced branded beef products and perceived quality of the brand will affect brand equity
(Morrison and Eastburn, 2006). Specialty beef brands such as Certified Angus Beef and Snake
River Farms are prime examples of differentiated products garnering price premiums that
consumers invest in through today’s high beef market demand. This research builds on existing
literature by comparing feedlot profitability of Angus and Wangus cattle and determining if price

premiums available for this niche market support implied additional costs.

Data

Data is sourced from a specialty ranch in the Midwest that produces Angus and Wangus
cattle and grows them to harvest weight in their own feedlot before marketing the cattle. Data
contain 17,763 observations composed of 15,457 Angus and 2,306 Wangus cattle. Wangus
observations include cattle of Wy, W, 5, and W, s genetics. Variables in this data include gender,
feedlot start weight, feedlot start date, days on feed (DOF), average daily gain (ADG), harvest
weight, sales price, feed rations and costs, and degree of Wagyu influence. There is no transfer
price associated with calves when they move from the cow-calf segment into the feedlot. To
remedy this, weekly feeder cattle USDA Agricultural Marketing Service (AMS) data from the
Oklahoma City market were acquired from the Livestock Marketing Information Center (LMIC)

to assign transfer prices to incoming calves based on feedlot start date, feedlot start weight and
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gender. Prices are reported in 50 pound-increments. Transfer prices were calculated on a linear

price slide using midpoints of 50-pound increments as shown in equation (2):

(We—wy) (wy—we)
(2) T*PWu+T*PWl,

where w,. is calf feedlot start weight, w; is lower weight midpoint, w,, is upper weight midpoint,
Pw,, is price in dollars per hundredweight of the upper weight midpoint, and Pw; is price in
dollars per hundredweight of the lower weight midpoint. Prices for upper and lower midpoints are
determined from the corresponding feedlot start date or date immediately prior. For example, if a
steer calf’s feedlot start weight is 502 pounds, w; is 475 pounds and w,, is 525 pounds. With a
feedlot start date of September 4™, 2012, Pw;, is $156.48 per hundredweight and Pw, is $150.26
resulting in a transfer price of $153.12 per hundredweight. Microsoft Excel VBA code assisted
with mimicking price slides with midpoints in 100-pound increments for cattle missing a price in
either the lower or upper weight bracket but had a price in the next adjacent 50-pound category.
Considering the example above for this scenario, if a price was missing for the 450 to 500-pound
bracket but there was a price recorded in the 400 to 450-pound bracket, the equation becomes:

(WL‘_WZ) % P
100

(wy—we)

wy + * Pw; with a new w; of 425 pounds and the corresponding Pw;. Cattle
with missing prices in their respective weight bracket or adjacent brackets, where a larger price
slide could not be calculated, were omitted. Cattle feedlot start weights ranged between 244 and
1,298 pounds based on available data for feeder cattle prices. To get transfer price per head (TP;),

transfer price in dollars per hundredweight was multiplied by feedlot start weight divided by 100

in SAS 9.4.

The impact of potential data errors and statistical outliers is minimized by deleting both
top and bottom 0.5% of observations for adjusted net returns. After removing these observations,
ADG was examined under normal distribution shown in Figure 1. Observations outside of three

standard deviations (ADG, + 30) were considered outliers and removed (Stevens, 2009). Figure 2
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illustrates — after outliers were removed — differences in average daily gain between genetic
combinations with Wangus cattle gaining less pounds per day compared to Angus counterparts.
Days on feed is increased for Wangus cattle when comparing to Angus which further supports
potential differences in feedlot profitability (Figure 3). Usable observations total 16,160 head

with 13,986 Angus cattle and 2,174 Wangus cattle.

Feed costs are recorded in September 2022 prices. Since feedlot data range over an eight-
year period from 2012 to 2020 for feedlot start date, feed costs are adjusted to the appropriate
time period using a monthly Corn Producer Price Index sourced from Federal Reserve Economic
Data (FRED). Monthly Slaughter Cattle Producer Price Index was also acquired from FRED for

adjustment of net returns from nominal dollars to real dollars.

Methods & Procedures

Net returns are modelled for the ith observation as a function of sales price (SP), transfer

price (TP), feed cost (FC), and yardage cost (Y C) in equation (3):

(3) NRl = SPl - TPL - FCL - YCl

Observations are on a per head basis. Feed costs are based on feedlot protocols, NRC
(National Research Council) nutrient requirements of Beef Cattle, and length of time on each
ration. The feedlot provided information regarding feed ingredients used in each ration, total
ingredient costs, and pounds given on an as fed basis per head per day for each ration. This
information was used to calculate cost per pound of each ration per head per day on an as fed
basis. Feedlot protocol dictated how many days cattle were on each ration: starter (S), grower 1
(G1), grower 2 (G2), and finisher (F). When cattle first arrive at the feedlot, they receive the S
ration for 14 days and then transition to the G1 ration for another 14 days. G2 ration is used for
another 14 days and cattle then transition to the F diet for their remaining days in the feedlot.

Ration protocols adjusts cattle’s palette and digestive system from a forage heavy diet to a higher
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grain diet. A starter ration has higher hay and roughage content to mimic forages most calves
from the cow-calf sector are accustomed to eating. G1 and G2 diets increase amount of grain fed
at a gradual rate to obtain the level provided in a F diet. A F diet is composed of high amounts of
processed grain such as steamrolled or cracked corn. Ration assumptions for days on feed were
multiplied by cost per pound of the ration and animal start weight when receiving a specific ration
while considering average daily gain from transitioning to the next ration. The NRC nutrient
requirement of beef cattle is given as 0.029 times body weight in pounds of feed on an as fed
basis and was used in calculations for ration cost (National Academies of Sciences, Engineering,

and Medicine, 2016). Cost of each ration for each animal is denoted as Sc,st;» Glcost;s G2cost;s

and Fog¢, below.
(@) Scost; = Feedlot Start Weight = 0.029 * %of feed x 14
(5) Gleost, = (Feedlot Start Weight + 14 * ADG) = 0.029 = %of feed * 14

(6) G2c05t; = (G1 Start Weight + 14 x ADG) * 0.029 = %of feed x 14

Harvest Weight—(G2 Start Weight+14+xADG)
2

@) Feost; = [ ] * 0.029 * %of feed *

(DOF —42)
The sum of these four ration costs equals total feed cost (FC;) for each animal i.

Feedlot ration base price is calculated for September 2022. Nominal feed cost is created
by indexing total feed cost to corn price. A six-month moving average of corn producer price
index was created for range of feedlot start dates. Feedlot start date was assigned as month t and

monthly corn price index was used as shown below to calculate the moving average in equation

(8).
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_ CP;_3+CP;_p+CP;_1+CP;+CPyy1+CPpy,

(8) CP, avgy — 6

This corn price structure accounts for some pre-purchased feed ingredients.
Transformations to adjust feed costs based on the six-month moving average corn price index

were completed in SAS 9.4 using equation (9):

; CP
9 FC = FC; » —229t
( ) t i * CPg/2022

Yardage costs (Y C) include anything not accounted for in feed costs such as labor,
medicine, and feedlot overhead. Many feedlot operations will charge a daily yardage fee (YF) to
account for these various costs on a dollars per head per day basis (Lardy, 2018). Feedlot data did
not include daily yardage fee estimates so an assumption of 40 cents per head per day is used
from Lardy’s study of custom feeding costs (2018). The yardage cost formula for an individual

animal i is:

To this point, net returns are calculated in nominal dollars. Net returns are transformed using
slaughter cattle producer price index (SCP) to obtain values in real dollars as seen in equation

(11):

SCPyp

adj _ )
(11)  NR;™ = NR; = SCP9/2022 '

where SCPyp is slaughter cattle producer price index value corresponding to the animal’s harvest
date month and SCP /55, is slaughter cattle producer price index base in September 2022 prices,

the same month associated with feed value prices.

This analysis will use Analysis of Variance (ANOVA) procedures and F-tests to evaluate

differences in net returns across sex, feedlot start weight groups, and across genetic combinations
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of Angus and Wangus cattle in SAS 9.4. An ANOVA measures the ratio of variability across
groups versus variability present within those groups (Smalheiser, 2017). Variability within

groups is measured as sum of squares divided by its respective degrees of freedom shown as:

(12)  SSy/dfw
(13)  df, =nk —k,

where w represents within groups, n is number of observations, and k is number of groups.
Variability across groups is determined by dividing mean sum of squares by its corresponding

degrees of freedom as displayed below:
(14)  SSa/dfq
(15) df,=k-1,

where a is across groups and k is number of groups. Ratio of variability is computed by dividing

across groups variability by within group variability denoted as:

(SSa/dfa)
(16) (SSw/dfw)

Once an ANOVA measures variability ratio for both across and within groups, an F-distribution

is used to determine statistical significance of the following hypotheses:
(17)  Hy:Means of Adjusted Net Returns are equal across the group
H,: Means of Adjusted Net Returns are not equal across the group

The ANOVA procedure can further implement a post hoc test for pairwise comparisons of means
across subsets of data (McHugh, 2011). McHugh (2011) describes Tukey’s HSD (Honestly
Significant Difference) method, a post hoc test using the studentized range distribution, as a

multiple comparison analysis test useful for analyzing pairwise differences when there are
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unequal observation sizes in subgroups within a larger group. Compared to other post hoc tests,
Tukey’s HSD test is more likely to identify statistically significant differences because of its use
of conservative confidence intervals (Benjamini and Braun, 2002). Tukey’s hypothesis for

pairwise differences is expressed below:
(18)  Hp:Mean; = Mean;
Hy: Mean; # Mean;,
where i and j are subgroups within a larger group.
Results & Discussion
All Cattle — Genetic Combinations

Tukey’s HSD test with ANOVA pairwise comparisons was conducted in SAS 9.4 to
examine whether difference in average net returns exist across various data categories. The F-test
rejected the null hypothesis that means of adjusted net returns are equal across genetic
combinations (F = 110.46, p < 0.0001). Table 1 reports when steers and heifers are grouped
together, differences in means are statistically significant between Angus and W, 5, between W,z
and Ws,, and between Angus and W, . Based on conversations with the feedlot operators, they
considered W, cattle to have the highest net returns. Results from this study support their claims

when steers and heifers are combined.

Figure 4 is a schematic box and whisker plot showing average adjusted net returns for each
genetic combination on a per head basis with Angus at $423.03, W, 5 at $501.03, W, at
$524.50, and Wy, at $411.67. Box plots are a graphic method to illustrate data with medians,
means, quartiles, outliers, minimum and maximum observations (Liu, 2008). The diamond in the
box’s center represents mean of data while the line within the box represents data median. Liu

(2008) explains inside the box is 50% of data where the upper boundary is quartile three and
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lower boundary is quartile one. Box length is known as the interquartile range which equals
quartile three minus quartile one. Whiskers extend from the box to fences which are placed at 1.5
times the interquartile range. The upper fence is above quartile three and lower fence is below

quartile one. Outliers are distinguished as circles outside of fences.

All Cattle — Feedlot Start Weight Groups

Another ANOVA procedure was completed to analyze differences in feedlot start weight.
Cattle were designated as four groups by start weight: Lights (200 — 499 pounds), Medium-Lights
(500 — 699 pounds), Mediums (700 — 899 pounds), and Heavys (900 — 1,299 pounds). The F-test
rejected the null hypothesis that means of adjusted net returns are equal across feedlot start
weight groups (F = 209.10, p < 0.0001). When steers and heifers are combined, Table 2 shows
pairwise differences in means are statistically significant between all groups which was expected
based on previous literature (Williams et al., 1993; Langemeier et al., 1992). Figure 5 displays
average adjusted net returns on a per head basis for each feedlot start weight group with Lights at

$464.71, Medium-Lights at $448.96, Mediums at $398.12, and Heavys at $234.39.

All Cattle — Sex

The F-test rejected the null hypothesis that means of adjusted net returns are equal across
sex (F=0.17, p = 0.6785). A comparison of adjusted net returns by sex determines there is not a
statistically significant difference between overall steer and heifer profitability as illustrated in
Figure 6. Table 3 reports heifers have mean net returns of $437.14 per head while steers’ average
is at $435.28 per head. This result was surprising because most industry research provides
evidence of steers being more profitable than heifers (Koknaroglu, et al., 2005). Although there
are no statistically significant differences in means for steers and heifers, effects of genetic

combinations and feedlot start weight groups are also evaluated independently for both sexes.
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Heifers

ANOVA procedures and F-tests for unequal means were completed for steers and heifers
separately. For the 3,219 head of heifers, the F-test did not reject the null hypothesis that means
of adjusted net returns are equal across genetic combinations (F = 2.36, p = 0.0693). But no
pairwise differences in means between all genetic combinations are statistically significant at a
5% significance level (Table 4). Though heifers have a smaller sample size between the two
genders, results with no significantly statistical differences between means of genetic
combinations was unexpected. At p < 0.10, only the difference in means between W;, s and
Angus is statistically significant (Table 4). Average adjusted net returns for heifers by each
genetic combination on a per head basis are shown in Figure 7. Angus heifers adjusted net returns

means are $433.75, W, 5 are $487.31, W, are $445.94, and W5, are $426.63.

The F-test rejected the null hypothesis that means of adjusted net returns are equal across
feedlot start weights for heifers (F = 273.77, p < 0.0001). Pairwise differences in means are
statistically significant between all heifer feedlot start weight groups (Table 5). All pairwise
differences in mean net returns being statistically significant between feedlot start weight groups
was as predicted with existing literature (Williams et al., 1993; Langemeier et al., 1992). Figure 8
illustrates heifers’ average adjusted net returns for each feedlot start weight group on a per head
basis. Light heifers mean adjusted net returns are $593.30, Medium-Lights are $498.02, Mediums
are $392.90, and Heavys are $208.65, indicating heifer calves at lighter feedlot start weights are

more profitable.

Steers

For the 12,941 head of steers, the F-test rejected the null hypothesis concluding means of
adjusted net returns are not equal across genetic combinations (F = 133.72, p < 0.0001). Pairwise

differences in means are statistically different between Angus and W, s, W, and W, s, W, and
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W5, and between W, , 5 and Angus (Table 6). Figure 9 has adjusted net returns of each genetic
combination for steers on a per head basis. Angus steers are $420.54, W, , - are $503.96, W, are
$557.03, and W5, are $396.71, which supports feedlot operators’ consideration of W, cattle to

have the highest net returns.

F-test results reject the null hypothesis, indicating adjusted net returns means are unequal
across steer feedlot start weight groups (F = 66.57, p < 0.0001). Table 7 reports differences in
pairwise averages are statistically significant between all groups, as anticipated from prior
research (Williams et al., 1993; Langemeier et al., 1992). Figure 10 shows steers mean adjusted
net returns by feedlot start weight group with Lights at $455.17, Medium-Lights at $439.59,
Mediums at $401.67, and Heavys at $265.89. Results from ANOVA procedures for steers were

closer to expectations than heifer results.

In both ANOVA procedures, two Wagyu genetic combinations had higher net returns
compared to Angus. Both W;, = and W, have higher average net returns than Angus on a per
head basis. However, ANOVA procedures determined W5, have the lowest average net returns
among all genetic combinations for both steers and heifers with the utilized assumptions. For
feedlot start weight groups, ANOVA procedures concluded for both steers and heifers, Lights had
highest average net returns, then Medium-Lights, then Mediums, and Heavys had the lowest

average net returns.

Conclusions

Differences do exist in feedlot profitability among Angus and Wangus genetics. On
average, Wangus at W; , s and W, have higher net returns compared to Angus when all cattle
were combined and for steers and heifers separately. These results imply additional costs of
producing Wagyu cattle may be reduced with crossbreeding and Wangus crossbreds may have

higher net returns than purebred or fullblood Angus cattle for some genetic combinations.
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Wangus with W5, had the lowest net returns on average, though these cattle qualify to be
marketed as American Wagyu, which could be due to traits not captured in data or not included in
this analysis. This could also be attributed to the objectives of this specific feedlot and their
buyers, as marketing branded American Wagyu is not their goal, but rather achieving USDA
Prime quality grades. While unexpected, there was no statistical difference in steer and heifer
feedlot profitability. Differences also exist in profitability across feedlot start weight groups.
When cattle are sorted by feedlot start weights, Lights had highest mean net returns followed by
Medium-Lights, Mediums, and Heavys for all cattle and when steers and heifers were separated.
Feedlots understand when taking in light weight calves that they will be in the feedlot for a longer
time period versus heavier weight calves having a shorter turnover in the feedlot and seeing
returns sooner but at lower levels. However, there is still value in profitability coming from cattle
with heavier start weights since this study only evaluated net returns per head, not by time units
associated with these cattle. There was a large range of start weights in the data, and some of the
higher weights are outside of typical industry standards for cattle entering feedlots. There is also a
possibility as cattle move from ranch to feedlot, transfer prices could be higher compared to the
data used if Wagyu influence is valued higher in feeder calves, potentially impacting net returns.
While these results do not reflect the whole industry, they do provide an insightful snapshot for
individual producers or feedlots considering incorporating Wagyu genetics. This study illustrates

how differentiating with Wagyu genetics for niche market premiums can offset additional costs.

Additional research could evaluate cow-calf costs prior to the feedlot stage for varying
genetic combinations. Further research could expand analysis to examine influence of

performance indicators, such as days on feed and average daily gain, on feedlot profitability.
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Tables

Table 3.1. ANOVA Tukey Test for Pairwise Comparisons of Mean Adjusted Net Returns Across
All Cattle for Wagyu Genetic Combinations

Genetic Genetic Dif ference
Combinationq M1 Combination, K2 Between Means
Wias $501.03 A $423.03 $78.00"
Wias $501.03 Wis $524.50 $23.47
Wips $501.03 Wi $411.67 $89.36
W $411.67 Wis $524.50 $112.83"

W $411.67 A $423.03 $11.36
W5 $524.50 A $423.03 $101.47"

* Denotes statistical significance at « = 0.05, DF = 16155

Note: W1, 5 = 12.5% Wagyu, W,5 = 25% Wagyu, W5, = 50% Wagyu, A = Angus

Table 3.2. ANOVA Tukey Test for Pairwise Comparisons of Mean Adjusted Net Returns Across
All Cattle for Feedlot Start Weight Groups

Fee.dlot Start ity Fee.dlot Start s Dif ference
Weight Group, Weight Group, Between Means
Lights $464.71 Medium — Lights $448.96 $15.75*
Lights $464.71 Mediums $398.12 $53.09*
Lights $464.71 Heavys $234.39 $204.01"
Medium — Lights  $448.96 Mediums $398.12 $50.84*
Medium — Lights  $448.96 Heavys $234.39 $214.56*
Mediums $398.12 Heavys $234.39 $163.74*

* Denotes statistical significance at « = 0.05, DF = 16153

Note: Lights (200 — 499 pounds), Medium — Lights (500 — 699 pounds), Mediums (700 — 899
pounds), and Heavys (900 — 1,299 pounds)
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Table 3.3. ANOVA Tukey Test for Pairwise Comparison of Mean Adjusted Net Returns Across
All Cattle for Sex

Difference
Gender, H1 Gender, 2 Between Means
Heifers $437.14 Steers $435.29 $1.85

* Denotes statistical significance at « = 0.05, DF = 16153

Table 3.4. ANOVA Tukey Test for Pairwise Comparisons of Mean Adjusted Net Returns Across
Heifers for Wagyu Genetics Combinations

Genetic Genetic Dif ference
Combinationq H1 Combination, K2 Between Means
Wias $487.31 A $433.75 $53.56"
Wias $487.31 W5 $445.94 $41.37
Wias $487.31 Wi $426.63 $60.68
Wi $426.63 W5 $445.94 $19.31
Wi $426.63 A $433.75 $7.12
Ws $445.94 A $433.75 $12.19

* Denotes statistical significance at « = 0.10, DF = 3215

Note: W4, 5 = 12.5% Wagyu, W, = 25% Wagyu, W5, = 50% Wagyu, A = Angus
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Table 3.5. ANOVA Tukey Test for Pairwise Comparisons of Mean Adjusted Net Returns Across
Heifers for Feedlot Start Weight Groups

Feedlot Start i Feedlot Start - Difference
Weight Group, Weight Group, Between Means
Lights $593.30 Medium — Lights $498.02 $95.28*
Lights $593.30 Mediums $392.90 $200.40*
Lights $593.30 Heavys $208.65 $384.65"
Medium — Lights  $498.02 Mediums $392.90 $105.12*
Medium — Lights $498.02 Heavys $208.65 $289.38*
Mediums $392.90 Heavys $208.65 $184.25*

* Denotes statistical significance at « = 0.05, DF = 3215

Note: Lights (200 — 499 pounds), Medium — Lights (500 — 699 pounds), Mediums (700 — 899
pounds), and Heavys (900 — 1,299 pounds)

Table 3.6. ANOVA Tukey Test for Pairwise Comparisons of Mean Adjusted Net Returns Across
Steers for Wagyu Genetics Combinations

Genetic Genetic Difference
Combination H1 Combination; K2 Between Means
Wias $503.96 A $420.54 $83.42*
Wias $503.96 W5 $557.03 $53.07"
Wias $503.96 Wi $396.71 $107.25
Wi $396.71 W5 $557.03 $160.32"

Wi $396.71 A $420.54 $23.83
W5 $557.03 A $420.54 $136.50"

* Denotes statistical significance at « = 0.05, DF = 12937

Note: W4, 5 = 12.5% Wagyu, W,5 = 25% Wagyu, W5, = 50% Wagyu, A = Angus
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Table 3.7. ANOVA Tukey Test for Pairwise Comparisons of Mean Adjusted Net Returns Across
Steers for Feedlot Start Weight Groups

Fee.dlot Start iy Fee.dlot Start iz Difference
Weight Group, Weight Group, Between Means
Lights $455.17 Medium — Lights ~ $439.59 $15.89"
Lights $455.17 Mediums $401.67 $53.50*
Lights $455.17 Heavys $265.89 $189.28*
Medium — Lights  $439.59 Mediums $401.67 $37.91*
Medium — Lights $439.59 Heavys $265.89 $173.70*
Mediums $401.67 Heavys $265.89 $135.78*

* Denotes statistical significance at « = 0.05, DF = 12937

Note: Lights (200 — 499 pounds), Medium — Lights (500 — 699 pounds), Mediums (700 — 899
pounds), and Heavys (900 — 1,299 pounds)



Figures

All Cattle’s Distribution of Average Daily Gain
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Figure 3.1. All Cattle’s Distribution of Average Daily Gain Prior to Removal of Outliers
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Average Daily Gain Distribution for Various Genetic Combinations
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Figure 3.2. Average Daily Gain Distribution for Various Genetic Combinations

Note: Y-axis for each Genetic Combination denotes Percent of Observations
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Days on Feed Distribution for Various Genetic Combinations
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Figure 3.3. Days on Feed Distribution for Various Genetic Combinations

Note: Y-axis for each Genetic Combination denotes Percent of Observations
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All Cattle’s Distribution of Adjusted Net Returns
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Figure 3.4. All Cattle’s Distribution of Adjusted Net Returns for Various Genetic Combinations
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All Cattle’s Distribution of Adjusted Net Returns
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Figure 3.5. All Cattle’s Distribution of Adjusted Net Returns for Various Feedlot Start Weight

Groups

58



All Cattle’s Distribution of Adjusted Net Returns
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Figure 3.6. All Cattle’s Distribution of Adjusted Net Returns for Sex
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Heifers’ Distribution of Adjusted Net Returns
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Figure 3.7. Heifers’ Distribution of Adjusted Net Returns for Various Genetic Combinations
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Heifers’ Distribution of Adjusted Net Returns
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Figure 3.8. Heifers’ Distribution of Adjusted Net Returns for Various Feedlot Start Weight
Groups

61



Steers’ Distribution of Adjusted Net Returns
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Figure 3.9. Steers’ Distribution of Adjusted Net Returns for Various Genetic Combinations
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Steers’ Distribution of Adjusted Net Returns
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Figure 3.10. Steers’ Distribution of Adjusted Net Returns for Various Feedlot Start Weight
Groups
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CHAPTER IV

WARRANTING WANGUS

Importance of Supply Chain Linkages

Even though Wagyu and Wagyu-influenced beef began as a niche market, certain aspects
within this specialized supply chain can help producers succeed at differentiating outside of this
niche. The unique nature of Wangus production and relationships between fed cattle buyers or
Wangus bull customers adds value to Wagyu-influenced cattle coming from the specialty ranch
and feedlot in this case study. As mentioned in Chapter 1, these customers’ interest in Wangus
was motivated by increasing the proportion of prime grading cattle rather than marketing only the
association with American Wagyu. Wangus are using qualities from the niche market of Wagyu
to inject unique characteristics into the commercial cattle market, enhancing profitability.
Utilizing Wangus is a possible way for producers to keep their original herds and add new

genetics to increase beef quality.

Influence of Wagyu Beef Genetics on Fed Cattle Price

The goal of this research is to provide a stronger understanding of potential price benefits

from product differentiation with Wangus fed cattle. A hedonic pricing model helped analyze
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influence of varying levels of Wagyu beef genetics on fed prices for Angus and Wangus cattle.
Results indicate premiums exist not only for certain carcass attributes but also for distinction
associated with Wagyu beef. Recall that Wagyu percentages of 12.5%, 25%, and 50% in these

Wangus cattle are denoted as W, &, W,s, and We,, respectively.

Positive and significant premiums were indicated for W, ¢, and W, < cattle beyond value
differences for carcass characteristics alone. Wangus cattle’s added value may be attributed to
buyer perceptions of attributes associated with the Wagyu breed or other traits not measured
directly in data. Although lack of statistical significance was surprising for W5, it could be
because of the feedlot and fed cattle buyers’ intentions of producing and marketing a higher
percentage of prime rather than marketing American Wagyu. While W, and W , 5 cattle may not
have American Wagyu marketing advantages, producers may receive premiums from these cattle
based on buyers’ perceptions of Wagyu influence on beef palatability, marbling, and an increased

rate of cattle achieving USDA Prime quality grades.

In addition to premiums for the Wangus name, significant premiums also exist for cattle
that reached USDA prime quality grades. Wangus cattle graded prime two to three times more
often than their Angus counterparts. Price component parameters are statistically significant (p <
0.05) for all carcass traits. Higher dressing percentages and bigger ribeye areas receive premiums
while heifers receive slight discounts. Discounts are significant for cattle with lower red meat
yield at USDA vyield grades 4, 5, and 6. Seasonality effects were also statistically significant.
Value difference results from interactions of Wagyu genetics with USDA quality and yield grade
indicate producers should focus on achieving USDA Prime quality grades over more red meat
yield. It is important to recognize the hedonic model captures price components but does not

account for any differences in costs.
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Profitability Analysis of Differing Genetic Combinations in Wagyu-influenced Cattle

Feedlot profitability is measured using an analysis of adjusted net returns across feedlot
start weight groups, sex, and multiple genetic combinations of Angus and Wangus cattle. The
analysis found differences do exist in feedlot profitability among Angus and Wangus genetics.
W, and W, = on average have higher net returns compared to Angus when all cattle were
combined and for steers and heifers separately. These results imply additional costs of Wagyu
cattle may be reduced with crossbreeding and some Wangus genetic combinations may have
higher net returns than purebred or fullblood Angus cattle. On average, Ws, also had the lowest
net returns which could be due to characteristics of these cattle not captured in data or included in
the analysis. This may also be attributed to the specialty feedlot’s focus and their fed cattle
buyers’ focus on achieving and marketing USDA Prime quality grades instead of American
Wagyu branding. Unexpectedly, there was no statistically significant difference in average
profitability between steers and heifers. However, differences do exist in profitability among
feedlot start weight groups. Lights had highest mean net returns followed by Medium-Lights,
Mediums, and Heavys for all cattle and when steers and heifers were considered separately. This
study illustrates how differentiating with Wagyu genetics to attain niche market premiums can

offset implied additional costs.

Industry Implications

Little research prior to this case study has evaluated economic costs and benefits of
Wagyu-influenced cattle. Effectively estimating the benefits of producing Wangus cattle
increases knowledge of all parties involved in the supply chain. This research aims to bridge that
gap in economic analysis and provide more knowledge to those involved in various supply chain
segments. This research focused on economic motivations, supply chain relationships, price

components, availability of potential premiums, and profitability in Wangus cattle production.
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Further research could evaluate costs of producing Wangus cattle at the cow-calf level.
This knowledge can inform producers considering adoption of Wagyu influenced genetics.
Further research is needed to examine the impact of performance indicators, such as days on feed
and average daily gain, on feedlot profitability. Future research could expand the profitability

analysis to examine net returns as a function of these performance indicators.

This research can help producers understand how they may capture price benefits from
implementing Wagyu genetics into their herds. Results demonstrate Wangus cattle can increase
the probability of cattle achieving prime quality grades, in turn then increasing the value of the
cattle. Results also concluded price premiums could be achieved while minimizing losses of
additional costs typically associated with Wagyu because of longer production cycles. While this
case study does not reflect the whole industry, these results do provide an insightful snapshot for
individual producers or feedlots that want to differentiate by incorporating Wagyu-influenced

cattle.
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APPENDIX A: Survey Questions — Wangus Bull Customers

Survey Questions — Specialty Feedlot and Buyer Relationships

Wangus Customers (Bulls/Semen)
1.) How did you become aware of |l s operation?

2.) Describe the general business relationship you have with [

3.) Which of these phases does your operation include. Circle what applies.
a. Seedstock
b. Cow-Calf
c. Stocker
d. Feedlot/Finisher

4.) Please indicate the size of your operation and the proportion of Wagyu-influenced
calves to the rest of your calf-crop on an average annual basis.
a. Number of total calf-crop:
b. What is the predominant breed of the dams?
c. Percent of Wagyu-influenced calves:

5.) Do you utilize a spring, fall, or both calving season? Please skip if this does not apply.

a. Spring
b. Fall
c. Both

i. If both, what is the percentage split?
6.) How many Wangus bulls or semen straws do you purchase from_(per year)?
a. Number of bulls:

b. Number of semen straws:

7.) Do you experience additional costs per head for Wangus or Wagyu-influenced cattle? If
so, please describe.

8.) What production stages do Wagyu-influenced cattle move through on your ranch?
(stocker, feedlot, retain ownership program, packer)

9.) Do you sell cattle back to -? What percentage of Wagyu-influenced cattle are sold
back to -?

10.) What are your motivations for purchasing Wagyu-influenced genetics?

11.) What specific quality attributes about Wagyu-influenced cattle are attractive to
your business?
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12)) Have you received price premiums from selling Wagyu-influenced cattle? If so,
what dollar amount higher per hundred weight ($/cwt) or per head ($/hd) than the
other cattle you sell?

13)) How do you market the Wagyu-influenced cattle you have been producing from
's genetics?

14.) What do you perceive about these cattle that add value to your customers?

15.) How has this relationship with-impacted your operation?
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APPENDIX B: Survey Questions — Fed Cattle Buyers

Survey Questions — Specialty Feedlot and Buyer Relationships

Feedlot Buyers
- Purchasing
1.) Approximately how many head of Wangus cattle do you purchase from- each
year?
a. What is the average lot size of your procurement?
b. Describe the timing of these purchases (annually, semi-annually, monthly, etc.)
How often do you purchase from them in a year?
2.) What percent of your total procurements are from -?
a. What is the average lot size of your procurement?
b. Describe the timing of these purchases (annually, semi-annually, monthly, etc.)
How often do you purchase from them in a year?
¢. How many other sources do you have for Wangus cattle?

w
-

How did you become aware of -’s operation?

&

Describe the general business relationship you have with [l

(9]
<

Do you pay on a per hundred weight basis ($/cwt) or on a per head basis ($/hd)?
a. On average how much more do you pay for Wangus calves versus other cattle
procurements?
- Harvesting
Do you contract with a packer or do you custom slaughter yourself after purchasing
Wangus cattle?
a. Please describe why.
b. If you contract with a packer, describe the nature of the business relationship
and how this affects your operation.
Marketing
7.) What do you perceive about these cattle that add value to your customers?

[e)]
-

8.) What are your motivations for purchasing Wagyu-influenced cattle?

9.) What specific quality attributes about Wangus cattle/beef are attractive to your
business?

10.) How do you market Wangus beef? (Wagyu-influenced, high-quality, etc.)
a. Isit marketed based on carcass characteristics, branded, or both?
b. If branded, is it marketed as Wagyu or Wagyu-influenced?

11.) Is Wangus beef in a portfolio of products? Or is Wangus beef your entire

portfolio?
a. Briefly describe your portfolio of products.
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12.) Does the beef you sell from Wangus cattle command a premium versus other
beef products?
a. If so, how much more dollars per pound ($/1b)

13.) How has this relationship with-impacted your operation?
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APPENDIX C: OSU IRB Exempt Approval Letter

Oklahoma State University Institutional Review Board

Date: 09/09/2022
Application Number: IRB-22-357
Proposal Title: Qualitative Analysis of Specialized Supply Chain Relationships in
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available for download from IRBManager. These are the versions that must be used during the study.

As Principal Investigator, it is your responsibility to do the following:

1. Conduct this study exactly as it has been approved. Any modifications to the research protocol
must be approved by the IRB. Protocol modifications requiring approval may include changes to
the title, PI, adviser, other research personnel, funding status or sponsor, subject population
composition or size, recruitment, inclusion/exclusion criteria, research site, research procedures
and consent/assent process or forms.

2. Submit a request for continuation if the study extends beyond the approval period. This
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3. Report any unanticipated and/or adverse events to the IRB Office promptly.

4. Notify the IRB office when your research project is complete or when you are no longer affiliated
with Oklahoma State University.

Please note that approved protocols are subject to monitoring by the IRB and that the IRB office has the
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