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Technical note: Validation of a model for online classification of US 
Select beef carcasses for longissimus tenderness using visible  

and near-infrared reflectance spectroscopy1,2,3

S. D. Shackelford,4 T. L. Wheeler, and M. Koohmaraie5

USDA-ARS, Roman L. Hruska US Meat Animal Research Center, Clay Center, NE 68933-0166

ABSTRACT: The present experiment was conducted 
to provide a validation of a previously developed model 
for online classification of US Select carcasses for LM 
tenderness based on visible and near-infrared (VIS-
NIR) spectroscopy and to determine if the accuracy 
of VISNIR-based tenderness classification could be en-
hanced by making measurements after postmortem ag-
ing. Spectroscopy was conducted online, during carcass 
grading, at a large-scale commercial fed beef-processing 
facility, and the strip loin was obtained from the left 
side of US Select carcasses (n = 467). Slice shear force 
(SSF) was measured on fresh steaks at 2 and 14 d post-
mortem. Online VISNIR tenderness classes differed in 
mean SSF values at both 2 d (29.4 vs. 33.6 kg) and 14 d 
(18.0 vs. 21.2 kg) postmortem (P < 10−7). Online VIS-
NIR tenderness classes differed in both the percentage 
of carcasses with LM SSF values greater than 40 kg at 
2 d postmortem (5.1 vs. 21.0%; P < 10−6) and the per-
centage of carcasses with LM SSF values greater than 
25 kg at 14 d postmortem (6.8 vs. 23.2%; P < 10−5). 
Whereas 15.0% of the carcasses sampled for this ex-

periment had LM SSF values greater than 25 kg at 14 
d postmortem, only 6.8% of the carcasses classified as 
tender by VISNIR had LM SSF values greater than 25 
kg. All the carcasses sampled that had LM SSF values 
greater than 35 kg at 14 d postmortem were accurately 
classified as tough by VISNIR. Before measurement of 
SSF on d 14, VISNIR spectroscopy was conducted on 
the SSF steak. Tenderness classes based on d 14 VIS-
NIR spectra differed both in mean SSF value at 14 
d postmortem (17.7 vs. 21.6 kg; P < 10−11) and the 
percentage of carcasses with LM SSF values greater 
than 25 kg at 14 d postmortem (7.3 vs. 22.7%; P < 
10−5). These data support our previous work showing 
that VISNIR spectroscopy can be used to classify US 
Select carcasses noninvasively for LM tenderness, and 
the results establish that this technology could also be 
applied to aged US Select strip loins. This technology 
would allow packing companies and other segments of 
the beef marketing chain to identify US Select carcasses 
or strip loins that excel in LM tenderness for use in 
branded beef programs.
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INTRODUCTION

Shackelford et al. (2004) developed a highly repeat-
able method for online spectroscopic evaluation of LM 
quality traits of ribbed beef carcasses using a high-in-
tensity reflectance probe that allowed for sampling of a 
representative portion of the exposed LM cross-section 
of ribbed beef carcasses. Shackelford et al. (2005) de-
veloped and tested models for online classification of 
US Select beef carcasses for LM tenderness by using 
visible and near-infrared (VISNIR) reflectance spec-
troscopy. Although not highly accurate, VISNIR-based 
sorting allowed segmentation of the carcasses into 2 
groups that differed (P < 0.001) in mean slice shear 
force (SSF; 16.3 vs. 21.6 kg) and the proportion of 
carcasses with SSF values greater than 25 kg (5.5% vs. 
30.1%). The present experiments were conducted to 1) 
provide a validation of the previously developed model 
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for online classification of US Select carcasses for LM 
tenderness both before and after postmortem aging, 
and 2) to determine if the accuracy of VISNIR-based 
tenderness classification could be enhanced by making 
measurements after postmortem aging.

MATERIALS AND METHODS

Animal procedures were not reviewed and approved 
by the US Meat Animal Research Center (USMARC) 
Animal Care and Use Committee because this experi-
ment did not involve animals originating from or under 
the control of USMARC.

Spectroscopy and Carcass Selection

Spectroscopy was conducted online at a large-scale 
commercial fed beef-processing facility. This facility 
was 1 of the 2 plants in which Shackelford et al. (2005) 
collected spectra to develop the tenderness predic-
tion model. To facilitate data collection and to ensure 
broadness of sampling, testing was conducted 1 d per 
week for 3 consecutive weeks with 134, 168, and 165 
samples obtained on the 3 respective selection trips. At 
approximately 26 h postmortem, carcasses were ribbed 
conventionally between the 12th and 13th ribs for de-
termination of USDA beef quality and yield grades, and 
spectroscopy was conducted on the LM cross section. 
Spectroscopy was conducted on the beef grading bloom 
chain approximately 2 min after the carcasses were 
ribbed. Spectroscopy was conducted only on carcasses 
that were likely to be graded USDA Select and USDA 
yield grade 1, 2, or 3. Spectroscopy was conducted on 
the left side of each carcass by using the optimal pro-
tocol (a single measurement averaging 20 spectra per 
measurement) and the spectroscopy system described 
by Shackelford et al. (2004), and SSF was predicted 
using the model described by Shackelford et al. (2005). 
After grading, any carcasses that did not meet these 
specifications were excluded from the experiment.

After spectroscopy and grading, carcasses were fab-
ricated and the NAMP 180 strip loin (North American 
Meat Processors Association, 2010) was obtained from 
the left side of each carcass (n = 467). Strip loins were 
transported to the USMARC abattoir and held over-
night (1°C), and then each loin was trimmed free of 
subcutaneous fat. A 2.54-cm-thick steak was removed 
from the anterior end of each strip loin and cooked 
from the fresh (2 d postmortem; never frozen) state 
using a belt grill (Wheeler et al., 1998), and SSF was 
measured (Shackelford et al., 1999a,b). The remainder 
of each strip loin was vacuum-packaged and aged (1°C) 
until 14 d postmortem. Again, a 2.54-cm-thick steak 
was removed from the anterior end of each strip loin 
and VISNIR spectroscopy was conducted on the fresh 
cut face of the steak approximately 10 s after the steak 
was cut, using the same procedures as above, and then 
the steak was cooked using a belt grill and SSF was 
measured.

Statistical Analysis

The data (NIR spectra and observed SSF) were not 
checked for outliers. Thus, selective culling of the data, 
which could affect the results and the utility of the pre-
diction models, was not conducted.

Model Validation. Slice shear force was predicted 
online in the packing plant by using the model devel-
oped by Shackelford et al. (2005). To facilitate statis-
tical analysis, the data were divided into halves. Spe-
cifically, those carcasses with VISNIR-predicted SSF 
values less than or equal to the median were classified 
as “VISNIR-Predicted Tender” and those carcasses with 
VISNIR-predicted SSF values greater than the median 
were classified as “VISNIR-Not Predicted Tender.” One-
way ANOVA for SSF at both 2 and 14 d postmortem 
was conducted using the GLM procedure (SAS Inst. 
Inc., Cary, NC) for the single classification variable of 
the VISNIR-predicted tenderness class. The frequency 
of carcasses with SSF values >25 kg was calculated 
for each VISNIR class. Differences in these frequencies 
among VISNIR classes were compared using the DIF-
FER program (PEPI, USD Inc., Stone Mountain, GA.).

d 14 Prediction. Prediction of SSF with d 14 spec-
tra was conducted in 2 ways. First, SSF was predicted 
using the model developed by Shackelford et al. (2005). 
Second, a model was developed using the PLS1 proce-
dure (The Unscrambler v9.8, CAMO Software AS, Oslo, 
Norway). In both cases, spectra were reduced by aver-
aging groups of 9 consecutive wavelengths. For model 
development and validation, carcasses were blocked by 
observed SSF. One-half of the carcasses were assigned 
to a calibration data set, which was used to develop 
regression equations, and one-half of the carcasses were 
assigned to a prediction data set, which was used to 
validate the regression equations (Neter et al., 1989). 
Specifically, carcasses were ranked by SSF from least to 
greatest, and alternating carcasses were assigned to the 
calibration and prediction data sets. Thus, all simple 
statistics of observed SSF were virtually identical for 
the calibration (mean = 19.6 kg; SD = 6.2 kg; mini-
mum = 8.2 kg; and maximum = 45.9 kg) and predic-
tion (mean = 19.6 kg; SD = 6.1 kg; minimum = 9.0 
kg; and maximum = 45.8 kg) data sets. All analyses of 
efficacy of tenderness sorting were conducted using the 
prediction data set.

RESULTS AND DISCUSSION

Model Validation

Online VISNIR tenderness classes differed in mean 
SSF values at both 2 and 14 d postmortem (Figure 
1; P < 10−7). Online VISNIR tenderness classes dif-
fered in both the percentage of carcasses with LM SSF 
values greater than 40 kg at 2 d postmortem (5.1 vs. 
21.0%; P < 10−6) and the percentage of carcasses with 
LM SSF values greater than 25 kg at 14 d postmortem 
(6.8 vs. 23.2%; P < 10−5). Whereas 15.0% of the car-
casses sampled for this experiment had LM SSF val-
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Figure 1. Effect of online sorting of carcasses into predicted tenderness classes on LM slice shear force (SSF) at 2 d (top panel) and 14 d (bot-
tom panel) postmortem. Sorting was based on online evaluation of the ribeye with visible and near-infrared (VISNIR) spectroscopy by using the 
prediction model of Shackelford et al. (2005).
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Figure 2. Effect of sorting strip loins into predicted tenderness classes on LM slice shear force (SSF) at 14 d postmortem. Sorting was based on 
evaluation of an LM steak with visible and near-infrared (VISNIR) spectroscopy by using either the prediction model (top panel) of Shackelford 
et al. (2005) or a model calibrated in the present experiment using spectra collected at 14 d postmortem (bottom panel).
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ues greater than 25 kg at 14 d postmortem, only 6.8% 
of the carcasses classified as tender by VISNIR had 
LM SSF values greater than 25 kg. All the carcasses 
sampled that had LM SSF values greater than 35 kg 
at 14 d postmortem were accurately classified as tough 
by VISNIR (Figure 1). These data support our previ-
ous work and that of Price et al. (2008) showing that 
VISNIR spectroscopy can be used online to classify US 
Select carcasses noninvasively for LM tenderness. This 
technology would allow packing companies to identify 
US Select carcasses that excel in LM tenderness for use 
in branded beef programs.

Application of VISNIR to Aged Cuts

Although the results described above showed that the 
use of VISNIR is efficacious for tenderness sorting at 
the time of grading and sorting, it was not clear what 
the potential usefulness of this technology might be to 
other sectors of the industry. For instance, could a gro-
cery chain apply this technology to aged strip loins as 
part of a centralized steak-cutting operation and iden-
tify more tender cuts to go to a premium brand and less 
tender cuts to go to a generic brand? When VISNIR 
spectra were collected at 14 d postmortem and SSF was 
predicted using the model developed by Shackelford et 
al. (2005), VISNIR tenderness classes differed in both 
mean SSF value at 14 d postmortem (P < 10−11) and 
the percentage of carcasses with LM SSF values greater 
than 25 kg at 14 d postmortem (P < 10−5; top panel 
of Figure 2). Similarly, when VISNIR spectra that were 
collected at 14 d postmortem were used to develop (one-
half of the observations) and validate (the other one-half 
of the observations; R2 = 0.26; root mean square error 
= 5.2 kg) a model to predict SSF, VISNIR tenderness 
classes differed both in mean SSF value at 14 d post-
mortem (P < 10−9) and the percentage of carcasses with 
LM SSF values greater than 25 kg at 14 d postmortem 
(P < 10−4; bottom panel of Figure 2).

These data indicate not only that it would be pos-
sible to apply this technology to aged LM cuts, but 
also that it could be done using the same model as 
was used for online evaluation of carcasses (i.e., un-
aged) with very little loss of accuracy relative to using 
a model developed on aged cuts. Although it would be 
desirable to have tenderness predicted in each scenario 
with as much precision as possible, it would make it 
much simpler to implement VISNIR commercially if a 
single model could be used for unaged and aged cuts. 
This would be particularly true at the packing plant 
level, where the time postmortem at which carcasses 
are graded varies greatly within and among plants.

The fact that the same model could successfully pre-
dict the tenderness of unaged and aged beef indicates 
that the system is not directly assessing postmortem 
proteolysis. This does not exclude the possibility that 
the system is assessing a trait that affects postmortem 
proteolysis. Furthermore, the prediction could be com-
pletely unrelated to postmortem proteolysis.

General Discussion

These data both confirm the findings of Shackel-
ford et al. (2005) and establish that this technology 
for noninvasive tenderness prediction can be robust 
across time when applied under a similar situation 
(i.e., the same packing plant). These results provide 
the justification for studies to establish the robustness 
of this technology across additional plants, geographi-
cal regions, and cattle or carcass types. This study was 
intentionally focused on a very narrow application to 
US Select carcasses because of the potential economic 
rewards associated with identifying consistently tender 
Select carcasses (Shackelford et al., 2001). Additional 
work is needed to establish efficacy for other quality 
grades. The results of Rust et al. (2008) seem to indi-
cate that a similar, but off-line, system was efficacious 
across quality grades (i.e., a pool of US Select and US 
Choice carcasses); however, it is unclear whether their 
system was efficacious within US Choice.

The present experiment confirms that US Select car-
casses can be noninvasively classified online for LM ten-
derness by using VISNIR spectroscopy, and it estab-
lishes that this technology could be applied to steaks 
obtained from aged US Select strip loins. This technol-
ogy could facilitate tenderness-based beef merchandis-
ing systems.
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