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INTRODUCTION

The decline of lamb consumption has been 
an area of concern for the U.S.  sheep industry. 
Current estimates of lamb consumption are ap-
proximately <0.5  kg per capita (USDA ERS, 
2018). Excess external fat has been shown to 
contribute to decreased purchasing decisions 
(Carpenter, 1966). Additionally, most production 
cycles implement fall breeding and spring lambing 
resulting in 85% of the U.S.  lamb crop born be-
tween January and May (USDA APHIS, 2011). 
This creates challenges in supply chain logistics as 
feedlots are required to extend time that lambs are 
on feed to compensate for reduced lamb supply in 
the summer months in order to meet year-round 
harvest. Prolonged time on a high concentrate 
diet can result in excessively fat lambs from May 
to August. However, no quantification of the ac-
crued costs of over-finished lamb carcasses in 
the U.S.  processing sector exists. Thus, the ob-
jectives of this study were to: 1) quantify carcass 

characteristics of Intermountain West lambs dur-
ing different time points of the year and 2) esti-
mate the economic impact of over-finished lamb 
carcasses on the processing sector. We hypothe-
sized that: 1)  lamb carcasses harvested between 
May and August would have greater subcutaneous 
fat, hot carcass weight (HCW) and yield grade 
(YG) and lower percentage of boneless closely 
trimmed retail cuts than lambs harvested during 
spring (December to April) and 2)  heavier lamb 
carcasses would have increased labor cost due to 
additional trim time and trucking cost per head, 
thus, heavier lamb carcasses would be less profit-
able than medium weight lamb carcasses.

MATERIALS AND METHODS

Carcass Data Collection

Lamb harvest in the Intermountain West re-
gion was surveyed from May 24, 2018 through 
May 22, 2019 and a total of 9,532 lamb carcasses 
were evaluated. Data were collected on all car-
casses fabricated in the abattoir during each data 
collection day regardless of maturity. Immediately 
after the carcass was ribbed between the 12th and 
13th ribs, an image was captured using a 24-mega-
pixel digital camera. The camera was mounted 
on an aluminum support bar with an aluminum 
cross bar for camera stabilization and uniform 
photo distance. Final yield and quality grades 
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were assigned by USDA graders. Final USDA YGs 
were recorded on each carcass tag, which was held 
within the image frame in order to capture HCW 
and USDA YG. The ruler edge of a ribeye area grid 
was held level with the cut surface of the longis-
simus dorsi for calibration reference points during 
image analysis. Images were captured at production 
speed during 30 separate days.

Measurements obtained from the digital im-
ages using ImageJ software (v.1.52a, NIH, 2018) 
included 12th rib fat, longissimus muscle area 
(LMA), and body-wall thickness. Measurements 
of 12th rib fat were taken at the approximate mid-
point of the longissimus muscle and body-wall 
thickness was measured at approximately 12.7 cm 
from the dorsal midline. Both sides of each carcass 
were measured and averaged. Percentage boneless 
closely trimmed retail cuts (%BCTRC) and calcu-
lated yield grade (CalYG) were estimated using the 
formulas described by Tschirhart et al. (2002) and 
USDA (1992), respectively:

(1) %BCTRC  =  49.936  − (0.0848  × HCW, lb.) − 
(4.376  × 12th rib fat, in) − (3.53  × body-wall 
thickness, in) + (2.456 × LMA, in2)

(2) CalYG = (12th rib fat (in) × 10) + 0.4

Statistical Analysis

Descriptive statistics and frequency analyses of 
lamb carcass characteristics were conducted using 
the MEANS and FREQ procedures of SAS (v9.4; 
SAS Inst. Inc., Cary, NC), respectively. Hot car-
cass weight was analyzed in the MIXED procedure 
with the fixed effect of season (spring or summer) 
and random effects of harvest date (nested within 
season) and harvest lot (nested within harvest date 
and season). Carcasses were then differentiated 
into three weight classes: light (<29.5 kg), moderate 
(29.5 to 38.6 kg), and heavy (>38.6 kg). Remaining 
carcass traits were analyzed in a similar mixed 
model as HCW but with the additional fixed effects 
of weight class and its interaction with season.

Economic Analysis and Simulation

Costs and returns were collected from both 
public and private sources to estimate packer prof-
itability between varying carcass sizes. Monte 
Carlo simulation using @RISK 5.5.1 (Palisade 
Corporation, Ithaca, NY, United States) was used 
to estimate carcass profitability of a 31.8 kg lamb 
carcass compared to a 45.4 kg lamb carcass. Since 
plant personnel indicated that optimal carcass 

weight for the processor to meet market demand is 
between 29.5 and 38.6 kg, the median weight of this 
range (31.8 kg) was used to estimate the profitability 
of ideally finished lamb carcasses. A 45.4 kg carcass 
was used to model heavy lamb carcasses. Historical 
USDA lamb pricing data were collected to assess 
distributions for both slaughter lambs and carcass 
price (cutout value). Live lamb prices were deter-
mined on a 4-yr average due to only 4 yr of prices 
being differentiated into weight categories (LMIC, 
2019a). Carcass cutout data were determined on 
a 12-yr average of national cutout data (LMIC, 
2019b). All prices were adjusted for inflation using 
the 2018 Producer Price Index (Federal Reserve 
Economic Data, 2018). Abattoirs provided cur-
rent plant level cost data on freight, carcass loading 
labor, halted processing, and income from fat trim. 
Estimated fat trim percentage of each carcass size 
was based on findings by Neto et al. (2011). Live 
and cutout prices were randomly selected in a simu-
lation of 100,000 iterations based on the gathered 
USDA pricing data to determine costs and returns 
across the differing carcass weights. Possible distri-
butions were estimated using the distribution fitting 
tool of @RISK 5.5.1.

RESULTS AND DISCUSSION

Carcass Data

Descriptive statistics of carcass traits are dis-
played in Table  1. Average HCW from sampled 
lambs indicated most exceeded the upper threshold 
of U.S. packer preferences (38.6 kg). Using data col-
lected on lambs commercially harvested throughout 
the year in 1987, Tatum et al. (1989) reported that 
65% of U.S. lamb carcasses had HCW between 25 
and 34  kg and 11% of carcasses exceeded 34  kg. 
However, data from the current study show that 
HCW were substantially heavier as 71.2% exceeded 
35 kg (Fig. 1A). Carcasses harvested in the spring 
were heavier than those harvested in the summer 
(P  =  0.05, Table  2). Multiple studies reported a 
positive correlation between HCW and 12th rib fat 
(LeValley et  al., 1991; Snowder et  al., 1994) sug-
gesting that disincentivizing heavy carcasses will 
aid in decreasing subcutaneous fat level.

According to USDA (1992), ideal 12th rib fat 
thickness is 6.4  mm, and 66% of lamb carcasses 
in the present survey exceeded that level (Fig. 1B). 
There was a season × weight group interaction for 
12th rib fat thickness (P < 0.01). Lamb carcasses in 
the light and moderate weight groups had greater 
12th rib fat in the spring than in the summer (7.0 vs. 
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5.4 mm and 8.0 vs. 7.1 mm, respectively; P < 0.02), 
but fat thickness of heavy weight carcasses was 
unaffected by season (P = 0.95). As a main effect, 
12th rib fat was greater in the spring than summer 
(P = 0.05). There was also a season × weight group 
interaction for body-wall thickness (P  <  0.01). 
A season × weight group interaction was also seen 
for LMA (P < 0.01), but only light weight carcasses 

were different between seasons (P < 0.01). In order 
to meet consumer demand, emphasis should be 
placed on raising lambs that reach ideal compo-
sitional endpoints.

A useful indicator of  sellable red meat yield 
is %BCTRC. In the present study, 66% of  lamb 
carcasses ranged between 41 and 47 %BCTRC 
(Fig.  1C). More common estimates of  yield are 

Table 1.  Overall means, SD, medians, and ranges of lamb carcass characteristics collected in the 
Intermountain West over a year (May 2018 to May 2019)

Carcass trait1 n Mean SD Median Min Max

HCW2, kg 9,425 40.76 9.29 39.91 10.66 90.09

12th rib fat depth, mm 9,530 8.17 3.79 7.68 0.00 33.15

Body-wall thickness, mm 9,516 31.41 9.03 30.38 5.92 76.09

LMA, cm2 9,530 16.93 3.03 16.75 5.32 33.79

USDA YG3 9,373 3.60 1.20 3.00 0.00 5.00

CalYG4 9,530 3.61 1.50 3.40 0.40 13.45

%BCTRC5 9,405 43.21 2.80 43.45 27.80 51.12

1Longissimus muscle area (LMA), 12th rib fat, and body-wall thickness were taken between the 12th and 13th ribs of both sides and averaged 
for analysis.

2HCW, hot carcass weight.
3USDA YG, USDA yield grade.
4CalYG, calculated yield grade.
5%BCTRC, calculated percentage of boneless, closely trimmed retail cuts.

Figure 1. Frequency distributions of HCW (A), 12th rib fat (B), %BCTRC (C), USDA YG, and CalYG (D) observations over 1 yr. Values for 
CalYG greater than 5 are combined into the YG 5 category.
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USDA YG and CalYG, and results showed that 
the average lamb carcass was in the upper YG 
3 category. A  higher percentage of  carcasses re-
sulted in YG 1, 2, and 5 designation using CalYG 
compared to USDA YG (Fig.  1D). Refining 
yield grading techniques that better quantify the 
composition of  fat lamb carcasses will aid in 
improving value-based pricing systems that favor 
consumer preference. Grid-based pricing focused 
on more precise YGs will help disincentivize pro-
longed feeding time and reduce excessively fat 
lamb carcasses.

Heavier weight lambs cost the packer more in 
both live animal trucking and postharvest carcass 
trucking costs. Heavier lamb carcasses require more 
labor to manually load large carcasses onto trucks 
which can result in production delays. Stopping 
production may be attributable to machinery mal-
function or equipment replacement associated with 
larger lamb carcasses. Grid-based pricing based 
on YG has limited discounts toward heavy weight 
carcasses (Field and Whipple, 1998). Based on 

current costs and a marketing system without pre-
mium or discounts for the carcass weights used in 
this analysis, increased profitability of processing a 
45.36 kg carcass compared to 31.75 kg was $0.17 ± 
14.59. End point carcass value contributed to vari-
ance in carcass profitability the most (81.3%), spe-
cifically, light weight carcass price (46.5%). The 
large variability around estimates is likely attribut-
able to limited pricing data due to confidentiality 
concern of USDA reporting firm-level price infor-
mation from a limited number of lamb abattoirs 
and lower transaction volume in the United States 
(Parcell and Tonsor, 2017). While lighter weight 
carcasses are associated with lower variable costs, 
heavier lamb carcasses offer more pounds of sell-
able product. It is important to note that all ineffi-
ciencies related to increased carcass size are difficult 
to quantify. Unquantified costs such as degree of 
machinery depreciation, labor turnover rates dur-
ing influxes in average carcass size, and extent of 
inefficiencies, may decrease mean profitability of 
heavy weight carcasses.

Table 3. Least squares means for the main effect of weight category on lamb carcass characteristics in the 
Intermountain West over 1 yr1

Carcass trait2 n Light Moderate Heavy SEM4 P-value

12th rib fat depth, mm 8,977 6.18c 7.55b 8.88a 0.26 <0.01

Body-wall thickness, mm 8,964 24.21c 28.83b 33.28a 0.77 <0.01

LMA, cm2 8,978 14.19c 16.05b 18.17a 0.27 <0.01

%BCTRC3 8,961 45.52c 44.04b 42.72a 0.20 <0.01

1Weight groups are classified by HCW; light = <29.5 kg, moderate = 29.5–38.6 kg, heavy = >38.6 kg.
2Longissimus muscle area (LMA), 12th rib fat, and body-wall thickness were measured between the 12th and 13th ribs of both sides and aver-

aged for analysis.
3Calculated %BCTRC, calculated percentage of boneless, closely trimmed retail cuts.
4The largest of the SE of the means are shown.
a,b,c means in the same row that do not share a common superscript letter differ (P < 0.05).

Table 2.  Least squares means for the main effect of season on lamb carcass characteristics in the 
Intermountain West over 1 yr1

Carcass trait2 n Summer Spring SEM4 P-value

HCW, kg 8,979 37.3b 40.39a 1.47 0.05

12th rib fat depth, mm 8,977 7.10b 7.97a 0.36 0.03

Body-wall thickness, mm 8,964 28.32 29.23 1.24 0.51

LMA, cm2 8,978 15.65b 16.62a 0.40 0.04

%BCTRC3 8,961 44.20 43.99 0.32 0.56

1Seasons are classified as summer = May–August, spring = December–April.
2Longissimus muscle area (LMA), 12th rib fat, and body-wall thickness were measured between the 12th and 13th ribs of both sides and aver-

aged for analysis.
3Calculated %BCTRC, calculated percentage of boneless, closely trimmed retail cuts.
4The largest of the SE of the means are shown.
a,bmeans in the same row that do not share a common superscript letter differ (P < 0.05).
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IMPLICATIONS

Historic rise in HCW has consequently aug-
mented the degree of finish on slaughter lambs. 
Improvement of existing yield grading methods and 
better development of value-based pricing will dis-
courage feeding lambs beyond ideal finish points. 
Given the limited price data available, volatility in 
estimating carcass profitability is high. Nevertheless, 
quantitative, economic comparison shows that add-
itional yield offsets additional costs of heavy car-
casses. The compositional estimates provided by 
these data show that U.S. lamb carcasses exceed both 
optimal HCW and fat thickness. Further research 
is needed to estimate the adverse effects of excess 
fat at all levels of production (e.g., consumers, lamb 
feeders, ewe-lamb operations) and domestic product 
differentiation with imported product.
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