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Abstract: The semimembranosus (SM) and triceps brachii (TB) from USDA Select beef carcasses were used to test the ef-
fect of wet-aging period on bloom development. Inside rounds (IMPS#168) and shoulder clods (IMPS #114) were randomly
allocated to 0, 7, 14, 21, 28, and 35 d wet-aging at 2°C (n = 10 subprimal cuts/aging period). Each week, two 2.54-cm-thick,
non-adjacent steaks were cut from aged inside rounds and shoulder clods, and instrumental color (L*, a*, and b¥*) of the SM
and TB was measured at 10-min intervals for 2 h after cutting. Steaks from the SM and TB became a more vivid (greater C*
values; P < 0.05), redder (greater a* values; P < 0.05), and yellower (greater b* values; P < 0.05) color during the 120-min
bloom period. Moreover, the calculated proportion of oxymyoglobin (OMb) in SM and TB steaks increased (linear, P < 0.001)
during the first 80 min after cutting but stabilized thereafter. Redness (a* and hue angles), b*, and C* values decreased (linear,
P <0.050) in SM steaks as duration of wet-aging increased from 0 to 35 d, but length of wet-aging had no (P> 0.127) effect on
instrumental color measures of TB steaks. Neither the percentage of calculated OMb (P = 0.580) nor OMb asymptotic point (P
>(.214) for SM steaks was affected by duration of wet-aging, and, even though the proportion of OMb in TB steaks was not
altered (P = 0.459) by postmortem aging, OMb asymptotic points increased (linear, P = 0.001) in TB steaks with increasing
durations of wet-aging. Results of these experiments indicate that 90%, or more, of the change in color was achieved within the
first 50 to 60 min after cutting, but duration of wet-aging had little to no impact on bloom development in SM and TB steaks.
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Sawyer et al., 2007; McKenna et al., 2005; Sammel
et al., 2002) of the semimembranosus (SM) have
been well documented over the past few decades.
Moreover, the promotion of the ranch steak (bone-
less, chuck shoulder, center-cut steak) from the
shoulder clod as a less expensive alternative to rib or
loin steaks has led to renewed investigations into the
quality attributes of the triceps brachii (TB). Several

Introduction

Tenderness (Gruber et al., 2006; Rhee et al.,
2004; Keith et al., 1985) and color (Lee et al., 2008c;
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studies have noted palatability differences within
the TB (Searls et al., 2005; Denoyelle and Lebihan,
2004), as well as in comparison to other beef mus-
cles (Sullivan and Calkins, 2011; Gruber et al., 2006;
Von Seggern et al., 2005; Rhee et al., 2004); how-
ever, only a handful of studies have compared visual
and(or) instrumental color stability of the TB to other
muscles (Moon et al., 2015; McKenna et al., 2005;
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O’Keeffe and Hood, 1982; Hood, 1980), and there are
no reports on color development in the TB.

When beef is exposed to air, it turns to a bright
cherry-red color with progressing time, which is typi-
cally referred to as blooming (Ledward, 1992). Bloom
occurs when oxygen binds to the heme iron portion of
deoxymyoglobin to form oxymyoglobin, and the time it
takes to oxygenate deoxymyoglobin to oxymyoglobin is
known as the bloom(ing) time. Bloom times over 10 to
12 min were necessary to obtain repeatable and stable in-
strumental color measurements in the longissimus thora-
cis of beef carcasses after ribbing (Rentfrow et al., 2004;
Wulf and Wise, 1999). In contrast, very little information
is available on bloom development in vacuum-packaged
beef primal cuts. Lee et al. (2008a, 2008b) reported that
40 to 50% of the changes in instrumental color values
of steaks from wet-aged beef ribeye rolls and top sir-
loin butts occurred during the first 10 min of exposure
to air, whereas 90% of the color changes associated with
bloom development occurred within 1 h of steak fab-
rication. However, wet-aging between 0 and 35 d had
no appreciable effect on bloom development in /longis-
simus thoracis steaks (Lee et al., 2008a), whereas bloom
development was greater in gluteus medius steaks from
top sirloin butts wet-aged 0 to 21 d than those wet-aged
28 and 35 d (Lee et al., 2008b). More recently, Wyrwisz
et al. (2016) noted that instrumental color measures sta-
bilized faster during blooming in beef SM steaks from
21-d wet-aged inside rounds than vacuum-packaged
inside rounds aged only 1 d. Because development of
the characteristic bright, cherry-red color of fresh beef is
the single most important quality attribute affecting con-
sumer purchases (Carpenter et al., 2001; Kropf, 1980), 2
experiments were conducted to evaluate the influence of
wet-aging duration on bloom development in SM (Exp.
1) and TB (Exp. 2) steaks from beef inside rounds and
shoulder clods, respectively.

Materials and Methods

Inside rounds (IMPS #169A; USDA, 2014) and
shoulder clods (IMPS #114G; USDA, 2014) from USDA
Select beef carcasses were obtained from a commercial
beef slaughter facility and transported under refrigeration
to the University of Arkansas Red Meat Abattoir within
3 d of slaughter. Upon arrival, inside rounds (n = 60) and
shoulder clods (n = 60) were allocated randomly to 0, 7,
14, 21, 28, and 35 d of aging (10 subprimals/aging pe-
riod) in the dark at 2°C from the boxed date.

After the appropriate aging period, inside rounds
and shoulder clods were removed from vacuum-bags,
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the adductor was removed from all inside rounds,
and 2.54 cm of the anterior end of the SM or ventral
end of the TB was removed and discarded. Then, a
2.54-cm-thick SM or TB steak (designated as steak
#1) was cut and placed on a styrofoam tray (2S White
L; Sealed Air Cryovac, Duncan, SC) with an absor-
bent pad (Dri-Loc Meat Pads; Sealed Air Cryovac).
Three additional 2.54-cm-thick steaks were subse-
quently cut, with the fourth steak (designated as steak
#2) being placed on a styrofoam tray with absorbent
pad. A timer was started immediately after each steak
was cut, and instrumental color of the SM and TB
were measured on each steak at 10-min intervals (3
readings/steak) for 2 h in a 3°C cooler under 807 lux
of incandescent lighting. Instrumental color (CIE L*,
a*, and b* values), as well as the spectral reflectance
from 400 to 700 nm, was measured with a Hunter
MiniScan XE (Model 45/0-L, Hunter Associates
Laboratory Inc., Reston, VA), with a 22-mm aperture,
a 10° observer, and using Illuminant A. The spectro-
colorimeter was calibrated daily against the black
and white tiles before steak fabrication. Hue angle
and chroma (C*) were calculated from the a* and
b* values of each steak as: tan~! (b* / a*) and [a*Z +
b*2]1/2, respectively (AMSA, 2012), and total color
change (AE) was calculated as:

AE :\/(LZ *—L ¥ > +(a, *~a,f > +(b, *~b,} ’

where x is a specific time interval and 0 is the value
immediately after cutting (AMSA, 2012; Clydesdale,
1991). In addition, the reflectance data from 400 to
700 nm was recorded and used to calculate the propor-
tions of deoxymyoglobin (DMb = {[1.395 — ({A572
— A700} / {A525 — A700})]} x 100), metmyoglobin
(MMbD = {2.375 x [1 — ({A473 — A700} / {A525 —
A700})]} x 100), and oxymyoglobin (OMb = DMb
- MMb), where A473, A525, A572, and A700 are the
natural log of the reflectance values at 473, 525, 572,
and 700 nm, respectively (AMSA, 2012).
Instrumental color data from the SM (Exp. 1) and
TB (Exp. 2) were analyzed as a completely random-
ized design with repeated measures using the mixed
models procedure of SAS (SAS Inst., Inc., Cary, NC),
with individual steak as the experimental unit. Aging
period, post-cutting (bloom) time, and aging period x
bloom time were included in the model as the fixed
effects, whereas the repeated measure of bloom time
was tested using subprimal within aging period as the
random effect. Least squares means were computed
and statistically separated by pair-wise ¢ tests (PDIFF
option) when there was a significant (P < 0.05) F-test.
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In addition, polynomial contrasts were used to test the
linear and quadratic responses to the main effects of
aging period and bloom time.

In an attempt to determine when bloom develop-
ment plateaued (stabilized), instrumental color data
(L*, a*, b*, hue angle, C*, AE, and calculated oxy-
myoglobin percentage) were fitted to the sigmoidal
growth curve equation (y = 4—B,""), where y is the
dependent variable (instrumental color measurement),
A is the value where change in instrumental color pla-
teaus (asymptotic point), ¢ is time, B, is the y-intercept
value, and £ is the rate of approach in the change in
instrumental color of the equation (Brody, 1945). The
nonlinear procedure of SAS was used to solve for 4,
and individual values were then analyzed using the
mixed model procedure of SAS, with wet-aging pe-
riod as the lone fixed effect in the model. Again, least
squares means were statistically separated using the
PDIFF option, and polynomial contrasts were includ-
ed in the analysis to discern linear and quadratic ef-
fects of wet-aging duration on asymptotic points.
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Results and Discussion

There were no aging period X post-cutting (bloom)
time interactions on any instrumental color character-
istics (L*, a*, b*, C*, hue angles, AE, or oxymyoglo-
bin and deoxymyoglobin percentages) of the SM (P
> 0.88). There were significant aging period x bloom
time interactions (P < 0.001) for hue angle and the per-
centages of deoxy- and oxymyoglobin, but differences
among interactive least squares means were largely at-
tributed to the main effect of bloom time; otherwise,
there were no (P > 0.52) interactive effects on L*, a*,
b*, C*, or metmyoglobin percentage of TB steaks.

Main effect of wet-aging on beef color

Lightness (L*) values increased (linear, P = 0.016),
and yellowness (b*) values decreased (linear, P=0.002),
in SM steaks as the duration of wet-aging increased
from 0 to 35 d (Table 1). In addition, both measures of
SM steak redness (a* values and hue angles) decreased

Table 1. Influence of wet-aging period on instrumental color of fresh beef semimembranosus and triceps brachii steaks

Wet-aging duration, d P-values

Color measure 0 7 14 21 28 35 SE Aging Linear Quadratic

Semimembranosus
Lightness (L*)! 41.08 41.22 42.11 43.96 4271 43.32 0.834 0.113 0.016 0.418
Redness (a*)! 33.04 32.93 3232 32.36 3221 32.01 0.269 0.056 0.002 0.575
Yellowness (b*)! 26.19 26.06 25.66 25.55 25.03 24.97 0.335 0.062 0.002 0.956
Hue angle, °2 38.10 38.08 38.16 38.01 37.59 37.72 0.209 0.301 0.050 0.497
Chroma (C*)3 42.192 42.022 41302 41262  40.83b 40.62>  0.404 0.049 0.001 0.792
AE4 16.21 16.07 16.00 15.63 15.54 15.25 0.273 0.118 0.004 0.749
OMb, %3 74.70 75.37 75.99 75.07 74.00 74.85 0.782 0.580 0.511 0.393
DMb, %3 10.24 9.16 8.42 9.31 10.83 10.05 0.811 0.309 0.459 0.135
MMb, %3 15.03 15.43 15.69 15.34 14.89 15.14 0.353 0.366 0.554 0.132

Triceps brachii
Lightness (L*)! 40.26 38.90 40.63 41.36 39.62 41.57 0.871 0.127 0.164 0.703
Redness (a*)! 31.26 31.34 31.51 31.44 31.88 31.67 0.316 0.660 0.129 0.878
Yellowness (b*)! 23.37 23.43 23.69 23.63 23.90 23.85 0.378 0.813 0.169 0.849
Hue angle, °2 36.50 36.54 36.71 36.66 36.60 36.75 0.199 0.893 0.363 0.811
Chroma (C*)3 39.06 39.16 39.45 39.36 39.87 39.67 0.475 0.740 0.143 0.868
AE4 13.24P 141320 14,0120 13.46° 14.852 14.10°°  0.362 0.043 0.054 0.499
OMb, %3 71.32 71.48 72.01 71.96 71.93 72.60 0.567 0.459 0.062 0.939
DMb, %3 12.99 12.45 11.99 12.99 12.65 11.85 0.698 0.514 0.365 0.855
MMb, %3 15.69 16.10 16.03 15.04 15.38 15.56 0.420 0.229 0.177 0.849

abWithin a row, least squares means lacking a common superscripted letter differ, P < 0.05.

IL* = a measure of darkness to lightness (greater L* values indicate a lighter color); a* = a measure of redness (greater a* values indicate a redder color);
and b* = a measure of yellowness (greater b* values indicate a more yellow color).

2Hue angle represents the change from the true red axis (larger values indicate a greater shift from red to yellow).

3C* = a measure of the total color/vividness of color (greater C* values indicate greater total color/a more vivid color).

4AE = change in total color (greater AE values indicate a greater color change).

SCalculated percentages of oxymyoglobin (OMDb), deoxymyoglobin (DMb), and metmyoglobin (MMb).
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(linear, P < 0.050) with increasing aging period, but the
ranges in mean a* values and hue angles across all ag-
ing periods were only 1.03 units and 0.38°, respectively.
On the other hand, vacuum-aging period had no effect
on L* (P> 0.127), a* (P > 0.129), b* (P > 0.169), or
hue angles (P > 0.363) values of TB steaks (Table 1).

As the duration of aging vacuum-packaged inside
rounds increased from 0 to 35 d, vividness of color (C*
values) decreased (linear, P = 0.001), with SM steaks
from inside rounds aged 0 and 7 d having greater (P
< 0.05) C* values than SM steaks from inside rounds
vacuum-aged 28 and 35 d; however, duration of aging
had no (P > 0.143) effect on C* values of TB steaks
from vacuum-packaged shoulder clods (Table 1).
Interestingly, AE values for SM steaks decreased (lin-
ear, P = 0.004) as duration of wet-aging increased, but
AE values for TB steaks tended to increase (linear, P
= 0.054) with increasing aging time, with greater (P <
0.05) total color change occurring in TB steaks from
shoulder clods aged 28 than 0 d. Lastly, there was no
effect of aging time of vacuum-packaged inside rounds
and shoulder clods on calculated proportions of oxy-
myoglobin (OMb), deoxymyoglobin (DMb), and met-
myoglobin (MMD) of SM (P >0.132) or TB steaks (P>
0.062) across the 2-h observation period (Table 1).

Kirchofer et al. (2002) indicated that the redness
(a* values) of beef longissimus thoracis (LT) increased
with increasing chilling time (24 vs. 48 h), but there is
very little information available concerning the effects
of wet-aging on beef color development. In an experi-
ment designed similarly to the present ones, Lee et al.
(2008a) reported that wet-aging durations of 0 to 35
d did not affect the color characteristics (L*, a*, b*,
hue angle, C*, and AE) or estimated OMb percentage
of LT steaks over the first 2 h after steak fabrication
and exposure to air. Moreover, even though L* and
hue angles of gluteus medius (GM) steaks were not
affected by postmortem aging of vacuum-packaged
top sirloin butts, Lee et al. (2008b) found that a*, b*,
and C* values, as well as the calculated OMb content,
were greater in GM steaks from top sirloin butts wet-
aged 7 d than those aged either 0 or 21 to 35 d.

Bloom development

Increases (P < 0.05) of 53.0 and 56.8% occurred
in lightness (L*) values within the first 10 min after
SM (Fig. 1A) and TB steaks (Fig. 1B) were exposed to
air, respectively, and almost 90% of the increases in L*
values was achieved 60 and 50 min after fabrication of
SM and TB steaks, respectively. In addition, redness
(a*) values increased 47.2 and 50.0% in SM (Fig. 2A)
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and TB steaks (Fig. 2B) within 10 min of fabrication,
respectively, whereas a* values had increased (P <
0.05) 88.5 and 89.9% within an hour of SM and TB
steaks being exposed to air, respectively. Similarly,
yellowness (b*) values of SM (Fig. 3A) and TB steaks
(Fig. 3B) increased (P < 0.05) 54.4 and 57.3%, respec-
tively, during the first 10 min after cutting, and b* val-
ues increased (P < 0.05) 87.4 and 89.7% in SM and
TB steaks, respectively, within 50 min of cutting.
Rentfrow et al. (2004), as well as Wulf and Wise
(1999), indicated that L*, a*, and b* values of the LT
did not change 12 min after beef carcasses were ribbed;
however, Lee et al. (2008a) reported that L*, a*, and
b* values of LT steaks increased between 43 and 54%
during the first 10 min after fabrication of vacuum-aged
ribeye rolls. In addition, between 50 and 60% of the
increases in a* and b* values of GM steaks occurred
within the first 10 min after exposure to air, but L* val-
ues of GM steaks had increased only 45% within 10
min of steak fabrication from wet-aged top sirloin butts
(Lee et al., 2008b). When individual SM steaks were

Lightness (L*) values

0 20 40 60 80 100 120

Time, min
44

Lightness (L*) values

0 20 40 60 80 100 120

Time, min
Figure 1. Influence of bloom development time on lightness (L*)

values of beef (A) semimembranosus (P < 0.001) and (B) triceps brachii (P
<0.001) steaks. Columns lacking common letters differ, P < 0.05.
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Figure 2. Influence of bloom development time on redness (a*) val-
ues of beef (A) semimembranosus (P < 0.001) and (B) triceps brachii (P <
0.001) steaks. Columns lacking common letters differ, P < 0.05.

vacuum-aged only 1 d, Wyrwisz et al. (2016) reported
that L* and a* values were similar for the first 30 and
35 min, respectively, after exposure to air, but b* values
increased almost 95% within 10 min of air exposure;
however, when SM steaks were individually wet-aged
for 28 d, 63.4 and 76.1% of the increases in L* and a*
values occurred within 15 min of exposure to air, re-
spectively, but approximately 54% of the increase in b*
did not occur until 30 min after exposure to air.

Haas and Bratzler (1965) reported that instrumen-
tal color, specifically redness (Gardner a)) values, of
beef LT continued to change 180 min after cutting and
exposure to air, but Wulf and Wise (1999) demonstrat-
ed that L* values of the beef LT stabilized long before
a* and b* values when exposed to air. Similarly, Lee et
al. (2008a, 2008b) noted that greater than 80% of the
increases in L* values of LT and GM steaks occurred
within 30 min of steak fabrication and exposure to air,
whereas a* and b* values of LT and GM steaks had
increased almost 90% within an hour of steak fabrica-
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Figure 3. Influence of bloom development time on yellowness (b*)
values of beef (A) semimembranosus (P < 0.001) and (B) triceps brachii (P
<0.001) steaks. Columns lacking common letters differ, P < 0.05.

tion. Results from the current study concur that, al-
though instrumental color values — in particular a* and
b* values — increased over the 120-min observation
period, beef color of the SM and TB steaks began to
stabilize around 90 min post-cutting.

Even though there is debate concerning the ability
of hue angles to measure bloom development in beef
(Beggan et al., 20006), 74.0% of the increase (P < 0.05)
in hue angles was observed during the first 10 min af-
ter SM and TB steak fabrication (Fig. 4). Moreover,
greater than 90% of the increases (P < 0.05) in hue an-
gles occurred within 30 min of exposing SM and TB
steaks to air. Similar to the present results, Lee et al.
(2008a, 2008b) reported that hue angles of LT and GM
steaks stabilized within 60 min of cutting. Conversely,
Rentfrow et al. (2004) reported that hue angles of the
beef LT stabilized within 10 min of carcass ribbing,
whereas hue angles of beef SM steaks (Wyrwisz et al.,
2016) actually decrease during the first 30 min follow-
ing exposure to air. Skrlep and Candek-Potokar (2007)
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reported that changes in hue angle had the greatest as-
sociation with bloom development in pork LT chops,
and Wyrwisz et al. (2016) reported a strong, positive
correlation between hue angle and oxymyoglobin per-
centage in beef SM steaks. Yet, the inconsistent ability
of hue angles to monitor bloom development is likely
due to differences in the illuminant used to measure a*
and b* values (Yancey and Kropf, 2008). In the cur-
rent study, as well as those of Lee et al. (2008a, 2008b),
where results question the reliance of hue angles to
measure bloom development, instrumental color was
collected using illuminant A; however, in previous
studies where hue angles were used to measure bloom
development in beef, illuminant D65 was the light
source used to measure a* and b* values (Wyrwisz et
al., 2016; Beggan et al., 2006; Rentfrow et al., 2004).
Because chroma (C*) is calculated with a* and b*
values, it was not surprising that over 50% of the increase
(P <0.05) in C* values had occurred within the first 10

Hue angle

0 20 40 60 80 100 120
Time, min
40 -

Hue angle

0 20 40 60 80 100 120

Time, min

Figure 4. Influence of bloom development time on hue angles of
beef (A) semimembranosus (P < 0.001) and (B) triceps brachii (P < 0.001)
steaks. Columns lacking common letters differ, P < 0.05.
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min after cutting SM (Fig. 5A) and TB (Fig. 5B) steaks.
Furthermore, almost 90% of the increases (P < 0.05) in
C* values had transpired within 60 min of cutting SM
steaks (Fig. 5A), whereas more than 75% of the increase
in C* values had occurred within 30 min of TB steak
fabrication (Fig. 5B). Rentfrow et al. (2004) reported an
increase in C* values in beef LT for the first 9 min after
carcass ribbing, and C* values stabilized within 12 min
of exposure to air. In agreement with the present study,
greater than 45 and 55% of the increase in C* values oc-
curred within 10 min of cutting in LT and GM steaks,
respectively, and more than 87 and 90% of the change in
C* values of LT and GM steaks, respectively, occurred
within 60 min of air exposure (Lee et al., 2008a, 2008b).

Between 52.2 and 55.3% of the total color change
(AE) occurred (P < 0.05) within the first 10 min post-
cutting of the SM (Fig. 6A) and TB (Fig. 6B) steaks,
respectively, whereas 90.2 and 92.4% of the increase
(P < 0.05) in AE values transpired within 60 min of

Chroma (C*) values

0 20 40 60 80 100 120

Time, min
45 q

bc ab ab 2

40 -

35 A

Chroma (C*) values

30 A

25 -

0 20 40 60 80 100 120

Time, min

Figure 5. Influence of bloom development time on chroma (C*) val-
ues of beef (A) semimembranosus (P < 0.001) and (B) triceps brachii (P <
0.001) steaks. Columns lacking common letters differ, P < 0.05.
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SM and TB steak fabrication, respectively. Similarly,
Lee et al. (2008b) noted that greater than 50 and 80%
of the increase in AE values of GM steaks occurred
within 30 and 60 min of steak fabrication, respectively,
whereas Lee et al. (2008a) reported that 45, 75, and
90% of the increase in AE values occurred 30, 60, and
90 min after LT steak fabrication, respectively. Haas
and Bratzler (1965) reported that AE values decreased
as oxygenation increased in beef LT; however, Moore
et al. (2003) reported that AE values increased over
time in beef semitendinosus steaks similar to the pres-
ent results observed in the SM and TB.

The calculated proportion of OMb increased (P
< 0.05) 78.1 and 76.7%, and the proportion of DMb
decreased (P < 0.05) 77.0 and 74.7%, during the first
10 min after SM (Fig. 7A) and TB (Fig. 7B) steak fab-
rication and exposure to air, respectively. Moreover,

20

Delta E

0 20 40 60 80 100 120

Time, min
20 4

18 A

Delta E

0 20 40 60 80 100 120

Time, min

Figure 6. Influence of bloom development time on calculated AE
(total change in color from initial cutting) values of beef (A) semimem-
branosus (P < 0.001) and (B) triceps brachii (P < 0.001) steaks. Columns
lacking common letters differ, P < 0.05.
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94% of the increase (P < 0.05) in calculated OMb per-
centages had occurred after 30 min post-cutting, and
greater than 99% of the proportion of OMb had oc-
curred within 70 min of steak fabrication, in both SM
and TB steaks. In agreement, Lee et al. (2008a, 2008b)
reported that calculated OMb percentages doubled
within the first 10 min of LT and GM steak fabrication,
and between 90 and 91% of the increase in the propor-
tion of OMb in LT and GM steaks occurred within
1 h of cutting steaks from wet-aged ribeye rolls and
top sirloin butts, respectively. Even though Wyrwisz
et al. (2016) reported that calculated OMb percentage
increased between 12.0 and 29.0% during the first 10
min after vacuum-packaged beef SM steaks were ex-
posed to air, nearly 100% of the increase in the percent
of OMb was achieved within 60 min of steak removal
from vacuum-packages and exposure to air.
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Figure 7. Influence of bloom development time on calculated deoxy-
myoglobin and oxymyoglobin percentages of beef (A) semimembranosus
(P<0.001) and (B) triceps brachii (P < 0.001) steaks. Within a line, datum
points lacking common letters differ, P < 0.05.
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Asymptotic values for color
development curves

When the instrumental color characteristics were
fitted to a sigmoidal growth curve, the asymptote (4)
of color development was calculated and represents
the value at which the color variable plateaus. The as-
ymptotic points for L* values of SM streaks increased
(linear, P =0.007) with increasing wet-aging duration,
with SM steaks from inside rounds aged 21 and 35 d
plateauing at greater (P < 0.05) L* values than SM
steaks from vacuum-packaged inside rounds aged 0
and 7 d (Table 2). In addition, the lowest (P < 0.05)
asymptotic point on the L* development curve was
observed in TB steaks from shoulder clods wet-aged 7
d, and L* asymptotic points for TB steaks were greater
(P < 0.05) when shoulder clods were aged 35 than 28
d. Asymptotic points for a* and b* values decreased
(linear, P <0.001) among SM steaks, with a* values of
SM steaks from inside rounds aged 0 and 7 d plateau-
ing at greater (P < 0.05) values than SM steaks from
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inside rounds aged 14 to 35 d. Similarly, b* values
plateaued at the highest (P < 0.05) and lowest (P <
0.05) asymptotic points on the yellowness develop-
ment curve for SM steaks from inside rounds aged 0
and 35 d, respectively. Conversely, asymptotic points
for a* and b* values of TB streaks actually increased
(linear, P <0.032) as aging duration increased.

The hue angle development curve among SM
steaks revealed that asymptotic points decreased (lin-
ear, P <0.001) as the wet-aging period increased, with
plateau points for SM steaks from inside rounds wet-
aged 14 d, or less, being greater (P < 0.05) than SM
steaks from inside rounds aged 28 and 35 d (Table
2). On the other hand, hue angle asymptotic points
for TB streaks were not (P > 0.181) affected by the
aging duration of vacuum-packaged shoulder clods.
Asymptotic points on the C* development curve for
SM steaks decreased (linear, P < 0.001) the longer in-
side rounds were aged, with the greatest (P < 0.05)
and least (P < 0.05) asymptotic points for SM steaks

Table 2. Influence of wet-aging period on asymptotic! values for color development curves of fresh beef semi-

membranosus and triceps brachii steaks

Wet-aging duration, days P-values

Color measure 0 7 14 21 28 35 SE Aging Linear Quadratic

Semimembranosus
Lightness (L*)? 41.55b 41.91° 43243 44612 42,923 44112 0.771 0.024 0.007 0.222
Redness (a*)? 35.112 35.06 34370 34.51b 34250 33.96°  0.220 0.001 <0.001 0.784
Yellowness (b*)? 28.552 28.492b  2793abc  p7gsbe  p727ed 27704 0266 <0.001 <0.001 0.782
Hue angle?, © 39.132 39.128 39.082 38,948 3856° 38.59b¢  0.150 0.005 <0.001 0.333
Chroma (C*)* 45272 4518 4431¢d  4435bc 43.79¢d 43479 0330 <0.001 <0.001 0.981
AE? 18.80 18.85 18.78 18.69 18.41 17.85 0.315 0.105 0.012 0.114
OMb, %° 81.31 81.65 81.86 81.37 80.62 80.94 0.587 0.561 0.214 0.373
DMb, %° 3.66 2.88 2.37 3.12 430 3.76 0.595 0.134 0.214 0.088

Triceps brachii
Lightness (L*)? 41.543b 39 68¢ 41.65% 41780 40.40°c 42,18  0.756 0.014 0.282 0.343
Redness (a*)2 32.69 33.02 33.19 33.08 33.68 33.41 0.290 0.103 0.008 0.541
Yellowness (b*)? 25.10 25.29 25.51 25.50 25.90 25.72 0.366 0.364 0.032 0.601
Hue angle?, © 37.46 37.49 37.59 37.64 37.60 37.65 0.174 0.785 0.181 0.625
Chroma (C*)* 41.24 41.58 41.88 41.78 42.50 42.17 0.454 0.196 0.016 0.570
AE? 15.07° 16.17° 16.3920 16.13P 17.092 16.282>  0.402 <0.001 0.001 0.015
OMb, %° 77.04¢ 77.53b¢  78.07% 78148 78.10%  78.45%  0.409 0.022 0.001 0.259
DMb, %° 6.962 6.102b¢ 5.59¢ 6.52%0 6.133be 5.68°¢ 0510 0.042 0.063 0.377

a-dWithin a row, least squares means lacking a common superscripted letter differ, P < 0.05.

Unstrumental color data was fitted to the equation y = 4 — BEHlt ) (Brody, 1945), where y is the dependent variable (instrumental color measurement), A
is the value where change in instrumental color plateaus (asymptotic point), 7 is time, B is the y-intercept value, e is the base of natural logarithms, and £ is the

rate of approach in the change in instrumental color.

2L* = a measure of darkness to lightness (greater L* values indicate a lighter color); a* = a measure of redness (greater a* values indicate a redder color);
and b* = a measure of yellowness (greater b* values indicate a more yellow color).

3Hue angle represents the change from the true red axis (larger values indicate a greater shift from red to yellow).

4C* = a measure of the total color/vividness of color (greater C* values indicate greater total color/a more vivid color).

SAE = change in total color (greater AE values indicate a greater color change).

6Calculated percentages of oxymyoglobin (OMb), deoxymyoglobin (DMb), and metmyoglobin (MMb).
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from inside rounds wet-aged 0 and 35 d, respectively.
However, because C* is calculated from a* and b*
values, it was no surprise that the plateau points for
C* values of TB steaks actually increased (linear, P =
0.016) as wet-aging duration increased from 0 to 35 d,
but, again, the C* asymptotic points only differed 1.26
units among all aging periods. Asymptotic points for
AE decreased (linear, P = 0.012) in SM steaks as ag-
ing time of vacuum-packaged inside rounds increased,
whereas plateau points for AE values of TB steaks in-
creased (quadratic, P = 0.015) with increasing wet-ag-
ing duration, with the greatest (P < 0.05) and least (P
< 0.05) AE plateau points for TB steaks from vacuum-
packaged shoulder clods aged 28 and 0 d.

Asymptotic points for the proportions of OMb and
DMb in SM steaks were similar (P > 0.088) across wet-
aging periods (Table 2). However, asymptotic points
for OMD percentage in TB steaks increased (linear, P =
0.001) as wet-aging duration increased, with the percent-
age of OMb in TB steaks from shoulder clods wet-aged
35 d plateauing at a greater (P < 0.05) value than TB
steaks from vacuum-packaged clods aged 0 and 7 d. In
addition, plateau points for DMb percentages were great-
er (P <0.05) for TB steaks from shoulder clods wet-aged
0 d than those from shoulder clods wet-aged 14 and 35 d.

Consistent with the results observed in SM steaks,
Lee et al. (2008a, 2008b) reported that asymptotic
points for a* and b* values of GM steaks, as well as
hue angles of LT steaks, were greater after wet-aging
subprimals for 7 than 21 to 35 d; yet, asymptotic points
for a*, b*, and C* values actually increased in TB
steaks with longer wet-aging periods. Ledward (1992)
reported that vacuum-aged meat blooms more rapidly
than fresh meat when exposed to air, and the rapid
bloom development was due to reductions in the activ-
ity of oxygen-utilizing enzymes (Ledward, 1992) and
oxygen consumption rates (Zhu and Brewer, 1998).
Conversely, McKenna et al. (2005) reported that resis-
tance to induced MMb formation, nitric oxide MMb
reducing ability, and oxygen consumption rate were
similar among beef LT, SM, and TB, but beef TB, es-
pecially the long head, had greater myoglobin concen-
trations than either the LT or SM, which may explain
some of the observed discrepancies in bloom patterns
between TB and SM steaks in the current study.

Conclusions

Even though a number of researchers have shown
that color development becomes stabilized sometime
between 9 (Rentfrow et al., 2004) and 12 min (Wulf
and Wise, 1999) in beef, results from the present study
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indicated that color development in both the SM and
TB stabilized at approximately 90 min after cutting
and exposure to air, and little to no change in instru-
mental color was observed thereafter. Moreover, ex-
tending the aging period to 21 d, or longer, may affect
the degree to which color develops in the SM, and to
a lesser extent in the TB; however, in contrast to the
work of Ledward (1992), wet-aging inside rounds and
shoulder clods up to 35 d had little to no impact on the
rate of color development in either the SM or TB.
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