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ABSTRACT: One hundred beef carcasses were se-
lected at three packing plants and were used to deter-
mine the relationship between glycolytic potential (GP) 
and dark, firm, and dry (DFD) beef and to determine 
the effects of DFD status and GP on cooked beef palat-
ability. Eight individual muscles were excised from one 
hindquarter of each carcass at d 7 postmortem: longissi-
mus lumborum, psoas major, gluteus medius, tensor 
fasciae latae, rectus femoris, semimembranosus, biceps 
femoris, and semitendinosus. Ultimate pH, colorimeter 
readings, and Warner-Bratzler shear force were deter-
mined for all eight muscles at d 7 postmortem. A nine-
member trained sensory panel evaluated cooked longis-
simus lumborum, gluteus medius, and semimembrano-
sus steaks. Traits determined solely for the longissimus 
lumborum were GP (2 × [glycogen + glucose + glucose-
6-phosphate] + lactate) and ether-extractable fat. A cur-
vilinear relationship existed between GP and ultimate 
pH within the longissimus muscle. There appeared to 
be a GP threshold at approximately 100 �mol/g, below 
which lower GP was associated with higher ultimate 
pH and above which GP had no effect on ultimate pH. 
The greatest pH and muscle color differences between 

normal and DFD carcasses were observed in the longis-
simus lumborum, gluteus medius, semimembranosus, 
and semitendinosus muscles. Cooked longissimus from 
DFD carcasses had higher shear force values (46% 
greater) and more shear force variation (2.3 times 
greater variation) than those from normal carcasses. 
Dark cutting carcasses also had higher shear force val-
ues for gluteus medius (33% greater) and semimembra-
nosus (36% greater) than normal carcasses. Sensory 
panel tenderness of longissimus, gluteus medius, and 
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Because of these relationships between ultimate pH 
and tenderness, one would speculate that there are 
palatability differences between normal and DFD beef 
and also that GP of beef muscle is an important factor 
in beef palatability. However, the effects of DFD on 
beef palatability are not well defined and there is some 
disagreement among studies on the subject (Dransfield, 
1981; Wulf et al., 1996). In fact, the United States Stan-
dards for Grades of Carcass Beef state that “there is 
little or no evidence which indicates that the ‘dark-
cutting’ condition has any adverse effect on palatabil-
ity . . .”  (USDA, 1997). Therefore, the objectives of this 
study were to determine the relationship between GP 
and DFD beef and to determine the effects of DFD 
status and GP on beef palatability. 

Material and Methods 

One hundred beef carcasses were selected at three 
packing plants in Illinois, Texas, and Ohio (n = 65, 20, 
and 15, respectively). These carcasses were selected at 
the time of grading to represent a wide range of muscle 
color and pH. For specific criteria used to select these 
100 carcasses, see Wulf and Page (2000). All carcasses 
were selected within the “Small“ and “Slight” USDA 
marbling scores because the vast majority (84%) of the 
U.S. beef carcass population is included in these two 
marbling levels (Smith et al., 1995). The breed-type 
distribution was monitored to match that identified by 
Smith et al. (1995) as the U.S. distribution (88% native, 
7% Brahman, 5% dairy-type), resulting in 88 native 
carcasses, 7 Brahman carcasses, and 5 dairy carcasses 
selected in our study. “Native” carcasses were defined 
as those carcasses not classified as either Brahman 
or dairy. 
All carcass data were collected by experienced person-

nel following a 24-h chill in the Illinois plant, a 48-h 
chill in the Texas plant, and a 24- to 96-h chill in the 
Ohio plant. Data collected at the packing plant for each 
carcass included breed type; sex class; hot carcass 
weight; fat thickness; ribeye area; kidney, pelvic, and 
heart fat; USDA yield grade; skeletal maturity; lean 
maturity; overall maturity; marbling score; dark cut-
ting discount; and USDA quality grade, as well as mus-
cle pH and colorimeter readings (L*, a*, b*) on the 
longissimus muscle. Muscle pH was measured at the 
exposed longissimus muscle using a Meatcheck 160 pH 
(Sigma Electronic GmbH Erfurt, Erfurt, Germany) 
equipped with a pH probe (LoT406-M6-DXK-S7/25, 
Mettler-Toledo GmbH, Urdorf, Switzerland). Colorime-
ter measurements were taken 90 min after ribbing on 
the exposed longissimus muscle between the 12th and 
the 13th ribs. Colorimeter readings (L*, a*, b* values) 
were measured with a Minolta Chroma Meter CR-310 
(Minolta Corp., Ramsey, NJ) with a 50-mm-diameter 
measurement area using a D65 illuminant. 
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(AMSA, 1995). Sensory panelists were encouraged to 
describe off-flavors in a “comments” section of the sen-
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Table 1. Carcass characteristics for normal 
and dark cutting (DFD) carcasses 

Normal DFD 
Variable (n = 36) (n = 11) RSD P-value 

Plant 0.845 
Illinois 72% 64% 
Texas 20% 27% 
Ohio 8% 9% 

Sex class 0.586 
Steer 72% 64% 
Heifer 28% 36% 

Marbling score 0.953 
Small 56% 55% 
Slight 44% 45% 

Hot carcass wt., kg 329 337 39 0.5620 
Adj. Fat thickness, cm 0.93 0.71 0.38 0.0963 
Rib eye area, cm2 86.4 90.0 11.3 0.3579 
KPH, % 2.2 2.0 0.5 0.2340 
USDA yield grade 2.3 2.0 0.7 0.1463 
Skeletal maturitya 168 162 17 0.3450 
Lean maturitya 158 NAg 18 NAg 

Overall maturitya 164 162 15 0.6053 
Marbling scoreb 406 410 48 0.8292 
USDA quality gradec 690 630 40 0.0001 
Intramuscular fat, % 4.0 3.1 1.3 0.0609 
L*d 41.1 34.8 2.9 0.0001 
a*e 25.0 18.8 1.8 0.0001 
b*f 11.1 6.7 1.3 0.0001 
Ultimate muscle pH 5.46 6.06 0.16 0.0001 
Glycolytic potential, �mol/g 122 71 23 0.0001 

aMaturity: 100 = A00, 200 = B00, etc. 
bMarbling: 300 = Slight00, 400 = Small00, etc. 
cUSDA quality grade: 600 = Select00, 700 = Choice00, etc. 
dL*: 0 = black, 100 = white. 
ea*: Lower numbers = more green, higher numbers = more red. 
fb*: Lower numbers = more blue, higher numbers = more yellow. 
gNA = not applicable (Lean maturity was not evaluated on dark 

cutting carcasses). 

able that should correspond to “DFD risk.” A continuous 
variable should provide a more powerful statistical test 
than an incidence variable when the incidence level is 
very low, as is the casewithDFD carcasses. Shackelford 
et al. (1994) compared sire breeds for incidence of DFD 
and reported a DFD incidence of 2.6% averaged across 
breeds and a root mean square error (RMSE) of 14.8 
percentage points. Using the data from Shackelford et 
al. (1994) along with our data, we calculated that it 
would require 1,150 cattle per treatment to detect a 2-
percentage point difference in DFD incidence, whereas 
only 88 cattle per treatment would be required to detect 
a mean GP difference of 11.3 �mol/g, which approxi-
mates to a two percentage point difference in DFD inci-
dence (calculated as number required to have a 90% 
chance of detecting a difference at the α = 0.05 level). 
Carcass characteristics of normal vs DFD carcasses 

are shown in Table 1. Carcass distributions among 
packing plants, sex classes, and marbling scores were 
not different (P > 0.05) between normal and DFD car-
casses because the subsample of 36 normal carcasses 
was chosen to match the packing plant, sex class, and 
marbling score distributions of the 11 DFD carcasses. 
Furthermore, there were no differences (P > 0.05) be-

tween normal and DFD carcasses in any of the yield 
grade traits or maturity traits. Therefore, these 47 car-
casses represented an excellent test for DFD effects 
alone because other carcass characteristics were very 
similar between normal and DFD carcasses. Dark cut-
ting carcasses had lower USDA quality grades than 
normal carcasses, despite having similar marbling 
scores, because USDA grade standards require dis-
counting quality grade according to severity of DFD 
(USDA, 1997). Dark cutting carcasses had 23% less (P 
= 0.06) intramuscular fat in the longissimus muscle 
than normal carcasses despite no difference in marbling 
score. It may be that marbling is more highly visible, 
because of greater contrast, in darker colored beef and 
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Table 2. Muscle pH and color characteristics measured at 7 d postmortem 
for normal and dark cutting (DFD) carcasses 

Normal DFD 
Variable color  87  87
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Table 3. Palatability characteristics for normal and dark cutting (DFD) carcasses 

Normal DFD 
Variable (n = 36) (n =11) RSD P-value 

Shear force, kg 
Longissimus  
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Table 4. Off-flavor characteristics (average number of flavor comments per carcass 
summed over nine panelists) for normal and dark cutting (DFD) carcasses 

Normal DFD 
Variable (n = 36) (n = 11) RSD P-value 

Total longissimus off-flavors 0.64 1.64 0.74 0.0003 
Total gluteus medius off-flavors 0.53 0.45 0.66 0.7495 
Total semimembranosus off-flavors 0.67 1.27 0.97 



1902 Wulf et al. 

Table 6. Effect of glycolytic potential on beef ultimate muscle pH, muscle color, and palatability 

Glycolytic potential, �mol/g 

Less 80 to 100 to 120 to 140 and 
than 80 99.9 119.9 
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