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Cow Muscle Profiling: Processing Traits of 21
Muscles from Beef and Dairy Cow Carcasses

Mike Buford
Chris Calkins
Dwain Johnson
Bucky Gwartney'

Beef and dairy cow carcasses
exhibited considerable variation in
muscle processing traits. These
results suggest opportunities may
exist to enhance the value of
selected muscles.

Summary

Twenty-one muscles from beef and
dairy cow carcasses were analyzed
for objective color, shear force, pH,
expressible moisture, total collagen,
total heme-iron and proximate compo-
sition. Results of this analysis showed
largevariation in processing traits from
muscle to muscle. Muscle traits were
most often influenced by fat thickness in
both beef and dairy carcasses. These
results will aid in selecting muscles that
are well suited for enhancement.

Introduction

Previous research has revealed 43%
ofthe cow carcass is sold as boxed beef.
Much of the remaining 57% is merchan-
dised as beef trim for grinding and pro-
cessing. To increase the overall value of
the cow carcasses itis necessary to char-
acterize the muscles harvested from these
animals. Cows of advanced maturities
will yield meat with differing chemical
and physical properties that directly in-
fluence its processing potential. Infor-
mation about muscles from these animals
was not readily available before this
study. The lack of information has lead
to the underuse of muscles from dairy
and beefcows. Therefore, the objectives
of'this study were to create a database of
information, to include processing traits
of 21 muscles from beef and dairy cow

carcasses and to determine effects of
carcass weight, fatness, muscling level
and skeletal maturity on these traits.

Procedure

One hundred and forty-five cow car-
casses (74 beef and 71 dairy) were
selected over a 5-month period in four
geographic locations (Green Bay, Wis.,
Gering, Neb., Phoenix, Ariz., and
Gainesville, Fla.). Carcasses were
selected based on estimated 12" rib
fat thickness (< .10 in > .10 in), carcass
weight (<or> 550 Ib for beef and < or>
7501b for dairy), muscling level (heavy/
medium or light) and skeletal maturity
(USDA C/D or E score). Approximately
five carcasses were selected within
each cell, from which 21 muscles per
carcass were harvested for analysis.
Muscles from two carcasses were
evaluated for objective color using a
Hunter Lab® Mini Scan XE plus colo-
rimeter with a l-inch port, and for
Warner-Bratzler shear force (dry heat
cookedto 71°C, 0.5-inch cores). Chemi-
cal analyses were performed on mus-
cles from three carcasses per cell. A pH
meter with a glass tip electrode was
used to determine muscle pH. Water
holding capacity was determined as
expressible moisture and was measured
as the percentage of moisture loss due to
centrifugation. Total muscle collagen
contentwas calculated from hydroxypro-
line, measured with a spectrophotom-
eter. Total heme-iron was extracted using
an acetone extraction procedure and
quantified using a spectrophotometer.
Proximate composition consisted of
fat, moisture and ash determination and
was measured by Soxhlet ether extrac-
tion (fat) and a LEC Thermogravi-
metric Analyzer (moisture and ash).
Data were analyzed using the General
Linear Model procedure of Statistical
Analysis System (SAS). Comparisons
between dairy and beef body types
were not analyzed due to differences in

carcass weight ranges.
Results

The results of this projectare given in
Tables 1-4. The most intriguing aspect
of these data was the large variation
present in all measured characteristics,
found in all 21 muscles. Variation was
seen within a given muscle, as well as
among muscles for a given characteris-
tic. Objective color was represented by
three quantitative values, L*, a* and b*,
representing lightness (0 = black to 100
= white), redness (-60 = green to +60 =
red), and yellowness (-60 = blue to +60
= yellow), respectively. Muscle light-
ness ranged from 24.8 (Rectus femoris)
to 38.3 (Semitendinosis) in beef and
33.1 (Vastus medialis) to 38.8
(Semitendinosis) in dairy. Tensor fascia
latae exhibited the lowest mean redness
values in both beef and dairy (26.9 and
27 .9respectively) muscles, whileSerra-
tus ventralis (29.8, beefand 30.6, dairy)
measured the highest. Muscle yellow-
ness ranged from 20.1 (Tensor fascia
latae) to 23.2 (Infraspinatus) for beef
and 20.4 to 24.1 for dairy represented by
the same muscles, respectively.

Warner-Bratzler shear force has
become an industry standard for mea-
surement of cooked meat tenderness.
Tenderness is a major factor influenc-
ing palatability of meat and a main
determinant of consumer acceptance.
The Multifidus/Spinalis dorsi (3.4 1b)
had the lowest shear force measure-
ment of the muscles from beef car-
casses, while the Psoas major (3.1 1b)
was the lowest of dairy muscles. The
least tender (highest shear force mea-
surement) muscle was the Biceps
femoris for both beef and dairy (9.5 1b
and 8.5 1b, respectively) muscles.

Moisture retention in meat products
will have a significant effect on process-
ing yield. Increased water holding
capacity, measured as moisture loss

(Continued on next page)
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Table 1. Properties of beef muscles.

Warner-Bratzler Expressible

L* value a* value b* value shear force (1b) moisture (%)
Muscles Mean (s.d.) Mean (s.d.) Mean (s.d.) Mean (s.d) Mean (s.d)
Adductor 34.9 (4.2) 29.7 (2.4) 22.9 (2.9) 4.5 (1.0) 47.0 (4.3)
Biceps femoris 34.8 (4.8) 29.2 (2.4) 22.7 (2.6) 9.5 2.7) 442 (4.6)
Complexus 33.4 (3.3) 28.5 (2.3) 21.2 (3.0) 5.3 (1.4) 41.1 4.9)
Deep pectoral 33.6 (4.8) 27.7 (2.5) 21.1 (2.6) 8.7 (2.6) 42.1 (5.8)
Gluteus medius 32.6 (3.7) 28.3 (2.3) 21.7 (2.6) 5.7 (1.5) 45.7 (4.1)
Infraspinatus 31.4 (4.4) 29.7 (2.1) 232 (4.5) 4.9 (1.1) 38.1 (4.2)
Latissimus dorsi 33.1 (4.2) 27.5 (2.9) 20.3 (3.5) 6.0 (1.5) 41.1 6.1)
Longissimus dorsi 33.9 (4.3) 28.1 (2.5) 21.7 (2.6) 7.0 (1.5) 44.5 (3.6)
Multifidus/Spinalis dorsi 31.8 (3.7) 28.7 (3.1) 21.8 (3.7) 34 (1.2) 36.1 (6.7)
Psoas major 34.1 (3.6) 27.2 (3.0) 20.9 (2.9) 3.5 (0.6) 439 (3.5)
Rectus femoris 24.8 (4.0) 28.9 (2.8) 22.4 (3.0) 5.9 (1.6) 43.1 (5.3)
Semimembranosis 332 (4.7) 29.5 (2.3) 23.0 (2.7) 6.0 (1.3) 46.1 (4.7)
Semitendinosis 38.3 (4.6) 28.0 (2.2) 21.8 (1.9) 7.6 (1.5) 443 (4.6)
Serratus ventralis 33.4 (2.6) 29.8 (1.9) 23.1 (2.4) 5.3 (1.0) 39.9 (5.8)
Supraspinatus 342 3.9) 28.9 (2.6) 21.9 (3.2) 4.5 (1.4) 41.8 (4.0)
Teres major 35.8 (3.3) 27.5 (2.6) 20.7 (2.9) 3.7 (0.8) 45.8 (5.2)
Tensor fascia latae 33.1 (4.5) 26.9 (2.6) 20.1 (2.8) 5.3 (1.3) 42.0 (5.5)
Triceps brachii 322 44 28.5 (2.5 22.1 (2.8) 5.2 (1.0) 432 (5.0)
Vastus lateralis 333 (5.0 28.0 2.1 21.3 2.4 5.8 (1.9) 45.0 (5.2)
Vastus medialis 325 (4.4) 27.4 (2.6) 20.6 (3.2) 3.8 (1.1) 43.9 (4.9)
Vastus intermedius 35.7 (4.3) 29.0 (2.7) 22.8 (3.1 3.8 (0.8) 43.0 (4.1)
Table 2. Properties of beef muscles.

Total collagen Heme-Iron Fat Moisture Ash

pH (mg/g) (ppm) (%) (%) (%)
Muscles Mean (s.d.) Mean (s.d.) Mean (s.d.) Mean (s.d) Mean  (s.d.) Mean (s.d.)
Adductor 5.6 (.22) 74 (34 35.5 (10.6) 3.5 (L7 75.1 (1.4) 1.6 (.26)
Biceps femoris 5.7 (.20) 109 4.7 32,5 (10.4) 43 (1.9 75.0 (1.7) 1.6 (.28)
Complexus 59 (21 109  (3.3) 349  (7.2) 4.0 (2.0 76.0 (1.9) 1.3 (29
Deep pectoral 5.7 (22) 10.3  (4.0) 30.1  (8.3) 34 (L9 76.4 (1.6) 1.5 (37
Gluteus medius 5.7  (.17) 9.2  (5.6) 345 (9.5) 4.7  (1.8) 74.4 (1.7) 1.6 (29)
Infraspinatus 6.1 (.18) 9.4 (6.2) 350 (6.2) 5.6 (2.7) 74.3 (2.2) 1.2 (33)
Latissimus dorsi 59  (27) 183  (2.2) 30.6  (8.3) 3.0 (L.6) 76.4 (1.4) 1.5 (29
Longissimus dorsi 5.6  (.19) 94 (3.1 31.0  (8.9) 44  (22) 74.4 (2.1) 1.5 (27
Mutifidus/Spinalis dorsi 3.1 (.18) 6.3  (3.5) 371 (8.2) 7.5 (2.8) 76.1 (2.6) 1.2 (27
Psoas major 5.7  (.26) 133 (24) 31,6 (9.0) 5.7 (2.3) 74.5 (2.2) 1.6 (24
Rectus femoris 59  (.26) 4.7  (3.3) 312 (9.5) 3.1 (1.2) 76.1 (1.1) 1.4 (28
Semimembranosis 5.6 (.23) 7.8  (2.6) 329 (9.0) 34 (L9 753 (1.4) 1.5 (33)
Semitendinosis 5.7 (.25) 6.8 (3.7) 252 (8.7) 2.8 (L.3) 76.1 (1.3) 1.4 (25
Serratus ventralis 6.0 (21) 82 (2.6) 354 (7.7) 5.0 (2.8) 75.1 (2.4) 1.3 (.33)
Supraspinatus 6.0  (.23) 10.0  (3.6) 340 (7.4) 3.6 (1.6) 74.5 (1.3) 1.5 (.28)
Teres major 59  (.20) 8.8 (6.3) 289  (8.9) 3.0 (1.4 76.7 (1.6) 1.5 (.39
Tensor fascia latae 5.8  (.25) 79  (29) 29.1  (8.9) 3.6 (2.0 75.7 (2.1) 1.4 (27
Triceps brachii 5.8 (.25 10.5 (5.1 36.4 (10.6) 3.5 (L.6) 75.7 (1.4) 1.5 (29
Vastus lateralis 5.8  (.24) 6.1 (2.7) 343  (8.0) 26 (1.2) 76.2 (1.1) 1.5 (23)
Vastus medialis 59  (27) 6.7 (4.6) 349  (8.4) 26 (1.2) 77.3 (1.0) 1.4 (22
Vastus intermedius 6.3  (27) 89 (4.5 36.7  (8.7) 4.7 (1.9) 76.2 (1.2) 1.4 (28

dueto centrifugation, will decrease cook-
ing loss and improve consumer satisfac-
tion. Multifidus/Spinalis dorsi exhibited
the lowest percentage weight loss due to
centrifugation, 36.1% and 39.3%, for
both beef and dairy muscles, respec-
tively. Adductor (47.0%) muscles from
beef carcasses and Semimembranosis
(46.8%) muscles from dairy carcasses
produced the largest percentage weight
loss due to centrifugation of the 21
muscles (lowest water holding capac-

ity).
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Muscle pH has alarge effecton muscle
color, protein functionality and water-
holding capacity. All of these factors
play important roles in the stability and
acceptability of meat products. Higher
pH indicates improved water holding
capacity, as well as darker color, with
theside effect of shorter shelflife. Muscle
pH ranged from 5.6 (Longissimus dorsi,
Adductor, andSemimembranosis)to 6.3
(Vastus intermedius) for both beef and
dairy muscles.

Muscle total collagen content is an

indicator of connective tissue found in a
meatsample. Connective tissue has been
shown to affect the tenderness and palat-
ability of meat. Of the 21 beef muscles,
the Psoas major (4.7 mg/g) exhibited the
lowest total collagen content while the
Vastus medialis (6.4 mg/g) was lowest
of dairy muscles. The Infraspinatus
muscle was found to have the highest
mean total collagen content for both
beefanddairy (18.3 mg/gand 22.9mg/g,
respectively) muscles.

Heme-iron content is a measure of



Table 3. Properties of dairy muscles.

Warner-Bratzler Expressible
L* value a* value b* value shear force (1b) moisture (%)
Muscles Mean (s.d.) Mean (s.d.) Mean (s.d.) Mean (s.d) Mean (s.d)
Adductor 352 3.2) 30.4 (2.5) 23.0 (3.2) 43 (0.8) 46.3 34
Biceps femoris 35.9 (3.4) 29.4 (2.0) 22.4 (2.2) 8.5 (1.7) 43.4 (4.6)
Complexus 35.1 (2.5) 29.8 (1.6) 22.7 (2.2) 4.5 (1.3) 42.7 (4.0)
Deep pectoral 35.7 (2.5) 28.9 (2.0) 22.1 (2.5) 7.8 (4.1) 42.7 (4.8)
Gluteus medius 333 (2.3) 28.9 (2.4) 22.0 (2.7) 5.6 (1.4) 45.7 (4.3)
Infraspinatus 35.2 2.1 30.6 (1.3) 24.1 2.1 4.8 (1.2) 414 34
Latissimus dorsi 335 (2.2) 28.3 (1.9) 20.9 (2.8) 5.4 (1.6) 42.1 (4.7)
Longissimus dorsi 35.0 (3.6) 29.7 (2.3) 23.1 (2.8) 5.4 (1.4) 443 (4.0)
Multifidus/Spinalis dorsi 335 (3.3) 29.5 (3.0) 22.5 (3.5) 3.9 (1.5) 39.3 (5.9)
Psoas major 36.6 (2.3) 28.0 (2.5) 21.1 (2.6) 3.1 (0.6) 44.9 3.7)
Rectus femoris 35.6 (2.6) 29.8 (2.0) 22.8 (2.2) 4.8 (1.2) 43.7 (4.2)
Semimembranosis 333 (2.0) 28.8 (2.6) 21.7 (2.9) 53 (0.9) 46.8 (4.0)
Semitendinosis 38.8 (3.3) 29.0 (2.5) 22.5 (2.3) 6.7 (1.2) 45.6 3.9)
Serratus ventralis 34.4 (2.5) 30.6 (2.0) 24.0 (2.7) 4.4 (0.9) 41.9 (4.2)
Supraspinatus 33.8 (2.9) 29.1 (2.4) 21.9 (3.2) 4.7 (1.1) 43.1 (4.4)
Teres major 36.2 3.2) 29.1 (2.7) 22.1 (3.2) 4.0 (0.6) 46.7 (4.7)
Tensor fascia latae 343 (3.5) 27.9 (1.9) 20.4 (2.0) 4.7 (1.1) 40.9 (5.1)
Triceps brachii 333 (2.3) 29.8 (2.2) 233 (3.3) 4.8 (0.7) 443 (3.2)
Vastus lateralis 34.1 (2.7) 29.1 (2.5) 222 (2.8) 6.2 (1.6) 45.5 (4.2)
Vastus medialis 33.1 (2.8) 28.3 (1.8) 21.6 2.1 4.4 (1.1) 432 44
Vastus intermedius 34.9 (3.6) 29.3 (1.3) 22.2 (1.5) 4.3 (0.9) 43.9 (5.5)
Table 4. Properties of dairy muscles.
Total collagen Heme-Iron Fat Moisture Ash
pH (mg/g) (ppm) (%) (%) (%)

Muscles Mean __ (s.d.) Mean _ (s.d.) Mean _ (s.d.) Mean _ (s.d) Mean  (s.d.) Mean (s.d.)
Adductor 5.6  (.17) 6.7 (2.0 36.7 (10.2) 3.8 (1.6) 74.2 (1.2) 1.5 (.30)
Biceps femoris 5.7  (.17) 124 (4.4) 332 (8.1) 54 (23) 73.6 (1.9) 1.5 (34
Complexus 59  (.14) 112 (2.1) 36.7  (8.7) 6.1 (3.1) 73.4 (2.6) 1.3 (.28)
Deep pectoral 5.7 (.14) 103 (2.2) 31.0  (9.6) 4.4  (1.7) 74.7 (1.7) 1.5 (.39
Gluteus medius 5.7  (.14) 12.1  (4.8) 353 (7.5) 5.8 (2.0) 72.9 (1.5) 1.5 (32
Infraspinatus 6.0 (.15) 229 (5.7) 38.8  (9.4) 6.6 (2.8) 73.0 (2.3) 1.3 (27
Latissimus dorsi 5.8 (.20) 8.6 (2.1 30.7  (9.6) 34 (L)) 75.6 (1.4) 1.4 (34
Longissimus dorsi 56  (.15) 6.7 (2.8) 314  (8.4) 6.3 (2.7 72.0 (2.1) 1.4 (34
Mutifidus/Spinalis dorsi 6.0 (.17) 159 (2.9 39.0  (9.6) 9.9 (3.6) 70.8 3.1) 1.2 (.30)
Psoas major 5.8  (.24) 72  (43) 328 (8.1) 74  (2.6) 72.4 (2.5) 1.5 (32
Rectus femoris 59  (24) 79 (1.9) 335 (94) 3.7 (2.0 74.8 (1.5) 1.4 (29
Semimembranosis 5.6  (.15) 7.1 (29) 33.2 (10.4) 43 (1.6) 73.9 (1.4) 1.5 (34
Semitendinosis 5.7  (.19) 9.3 (3.0 29.6 (10.0) 33 (L) 75.0 (1.5) 1.3 (.28)
Serratus ventralis 6.0  (.18) 8.8 (3.9 36.5  (6.7) 84 (3.9 71.7 3.1) 1.3 (32
Supraspinatus 6.0 (.19) 10.7  (3.8) 345  (7.4) 3.6 (L.7) 75.7 (1.3) 1.4 (39
Teres major 59  (24) 9.1 (3.6) 33.3 (10.9) 39 (L.6) 75.2 (1.4) 1.4 (41
Tensor fascia latae 5.8  (.27) 8.0 (L.6) 31.7  (9.3) 6.8 (3.5 72.9 (3.1) 1.3 (3D
Triceps brachii 5.8  (.17) 10.1  (2.6) 37.0 (10.4) 44 (2.1 74.5 (1.5) 1.5 (30)
Vastus lateralis 5.8 (.23) 72 (2.1 347 (8.4) 32 (14 75.2 (0.9) 1.5 (30)
Vastus medialis 59  (.20) 6.4 (2.6) 38.5  (9.0) 2.7 (1.3) 76.6 (1.1) 1.4 (26)
Vastus intermedius 6.3  (27) 9.6 (3.3) 371 (7.9) 5.0 (L.8) 75.2 (1.7) 1.3 (27

the total pigment in a muscle sample.
Heme-iron has an influence on the visual
appearance (color) of meat and there-
fore on its acceptability by consumers.
Heme-iron ranged from 25.2 ppm
(Semitendinosis) for beef muscles and
29.6 ppm (Semitendinosis) for dairy
muscles to 37.1 ppm (Multifidus/Spina-
lis dorsi) for beef and 39.0 ppm (Multi-
fidus/Spinalis dorsi) for dairy muscles.

Proximate composition is an analysis
to determine fat, moisture and ash. The
Vastus lateralis (2.6%) and Vastus

medialis (2.7%) had the low mean for
fat in both beef and dairy muscles,
respectively. The Multifidus/Spinalis
dorsi from both beef (7.5%) and dairy
(9.9%) carcasses exhibited the highest
percentage fat. Percentage moisture
ranged from 74.3% (Infraspinatus) to
77.3% (Vastus medialis) for beef mus-
cles and 70.8% (Multifidus/Spinalis
dorsi) to 76.6% (Vastus medialis) for
dairy muscles. Percentage ash ranged
from 1.2% (Multifidus/Spinalis dorsi)
for both beef and dairy muscles to 1.6%

(Psoas major and 3 other muscles) for
beef muscles and 1.5% (Psoas major
and 7 other muscles) for dairy muscles.

The effects of the carcass selection
criteria (12" rib fat thickness, carcass
weight, skeletal maturity and muscling
level) were evaluated for significance.
Muscle color (L*, a*, and b*) was rarely
influenced by carcass selection criteria
in beef and dairy (< 5 of 21 muscles,
depending on the criteria) muscles. Most
selection criteria had low relationships

(Continued on next page)
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to tenderness in beef (1 or 2 muscles,
depending onselection criteria) and dairy
(<5 of 21 muscles, depending on selec-
tion criteria). Muscle pH was influenced
by fat thickness and carcass muscling in
beef (9 and 10 muscles, respectively)
muscles, while few dairy (1 or 2 depend-
ing on criteria) muscles exhibited a rela-
tionship with any selection criteria. All
selection criteria had low relationships
to expressible moisture in beefand dairy
(<5 of 21 muscles) muscles. Total col-
lagen was most frequently affected by
maturity in beef (4 of 21 muscles), while
weighthad the greatest influence on dairy
(6 of 21 muscles) muscles. Fat thickness
most often influenced total heme-iron
content in beef (12 of 21 muscles)
muscles, while all selection criteria had
little effect on dairy (< 5 of 21 muscles)
muscles. Carcass fatness was the most
common carcass selection trait related
to muscle fat (16 beef and 14 dairy
muscles) and moisture (21 beef and 19

dairy muscles) content. Muscle ash con-
tent was seldom influenced by any selec-
tion criteria for beefand dairy (<5 of 21
muscles depending on criteria) muscles.

This research was performed as a
follow-up to the muscle profile research
of chuck and round muscles from fed
cattle (2001 Nebraska Beef Report, pp
99-103). Muscles from cow carcasses
exhibited a larger expressible moisture
value than did muscles from the fed
cattle study, probably because of differ-
ences in methodologies. In this study
ground samples were collected while in
the previous study a whole muscle cube
was used. Values for pH and Warner-
Bratzler shear force were higher in cow
muscles as compared with the previous
study. Muscles from cow carcasses were
shown to have lower L* and a* values
indicating cow muscles were darker and
less red than those from fed cattle. As
expected, the cow muscles were leaner
than those of fed cattle, indicated by

lower percentage fat. Variation in trait
values were detected in both studies. As
a general rule cow muscles exhibited
higher variability than muscles from fed
cattle for the majority of traits measured.
These data indicate a vast range of
values of measured characteristics for
both beef and dairy cow muscles. Of the
four selection criteria, estimated 12thrib
fatthickness influenced the most muscle
characteristics, particularly percentage
fat and moisture. However, in general
there was a lack of significant effects by
the carcass characteristics on muscle
characteristics measured. This variation
indicates muscles exist that can be better
utilized as value added products to
increase the value of cow carcasses.

IMike Buford, graduate student, Chris
Calkins, professor, Animal Sciences, Lincoln,
Dwain Johnson, professor, Animal Sciences,
University of Florida, Gainesville, Bucky
Gwartney, National Cattleman’s Beef Association,
Denver, CO.
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