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ABSTRACT: The objective of this study was to de-
termine the effect of feeding zilpaterol hydrochloride 
(ZH) on the shelf life and stability of ground beef. Beef 
knuckles and plates were obtained from USDA Select 
beef heifer carcasses from control (CON) animals or 
those supplemented with ZH (8.33 mg/kg of dietary 
DM basis) for the last 20 d of the finishing period. 
Subprimals were coarsely ground and blended to pro-
duce an 80% lean product. The mixture was vacuum-
stuffed into chubs and placed in dark storage at 2 to 
4°C for 7, 14, or 21 d before fine grinding. Each week, 
the finely ground samples were packaged on expanded 
polystyrene trays overwrapped with polyvinyl chloride 
film and placed in refrigerated retail cases (0 to 2°C) 
under continuous fluorescent lighting to simulate retail 
display. Samples were subjected to a variety of analyses 
at different time intervals (h) during simulated display, 
including composition analysis, thiobarbituric acid-re-
acting substance analysis (TBA), sensory color, instru-

mental color, and aerobic plate count. Data analysis 
revealed trained sensory color and discoloration scores 
were similar between CON and ZH-treated samples. In-
strumental L* and b* values for CON and ZH-treated 
samples did not differ (P = 0.13 and 0.19, respectively). 
Instrumental a* values declined (P < 0.05) over the 
display period for CON and ZH ground beef. However, 
a* values for ZH ground beef stored for 7 d were greater 
(P < 0.05) than CON values at 18 through 72 h of dis-
play. There was a treatment × storage day interaction 
(P < 0.001) for TBA values with ZH having smaller 
TBA values than CON after 7 d of dark storage. There 
was no difference (P = 0.21) in aerobic plate count 
between ZH and CON ground beef samples. Overall, 
ground beef from cattle supplemented with ZH was 
equal to or better than CON for sensory color and dis-
coloration, instrumental color, and stability variables, 
including TBA reactive substances and aerobic plate 
counts.
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INTRODUCTION

Zilpaterol hydrochloride (ZH) is a β-adrenergic ago-
nist that has been approved for feeding to finishing 
cattle for 20 to 40 d before slaughter with a mandatory 
withdrawal period of 3 d (FDA, 2006). Zilpaterol hydro-
chloride is commercially available under the trade name 
Zilmax (Intervet/Schering-Plough Animal Health, De 
Soto, KS) and is labeled to increase rate of BW gain, 
improve feed efficiency, and increase carcass leanness 
in cattle fed in confinement (Avendaño-Reyes et al., 
2006). Recent research has focused on the effect of ZH 
on growth, carcass composition, and meat tenderness, 

although little has been done to investigate its effect on 
ground beef color and retail shelf life. Several studies 
agree that supplementation of ZH could increase the L* 
values of LM, indicating a brighter red lean color could 
be observed (Strydom and Nel, 1999; Buys and Stry-
dom, 2000; Avendaño-Reyes et al., 2006). Studies have 
also reported that trained panelists indicated more de-
sirable lean color scores in ZH-treated steaks compared 
with control samples (Buys and Strydom, 2000; Stry-
dom, 2002b; Hilton et al., 2009). However, these stud-
ies have focused on the color characteristics of whole 
muscle cuts and did not explore potential ZH effects on 
ground beef color and stability. Given the documented 
effects of ZH on the color and stability of whole muscle 
cuts, we hypothesized similar results would be observed 
in ground beef. Therefore, the objective of this study 
was to determine the effect of 20 d of ZH supplementa-
tion on the shelf life and stability of 80% lean ground 
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beef stored for 7, 14, and 21 d before simulated retail 
display.

MATERIALS AND METHODS

Live animals were not used in this study; therefore, 
no approval from the Institutional Animal Care and 
Use Committee was obtained. Meat was obtained from 
a federally inspected meat processing facility.

Processing and Packaging

Beef knuckles (IMPS #167, USDA, 1996; n = 24 per 
treatment) and plates (IMPS #121, USDA, 1996; n = 15 
per treatment) were collected from beef heifers slaugh-
tered at a commercial processing facility representing 2 
treatment groups: those with no β-agonist supplemen-
tation (CON) as well as those supplemented with ZH 
(8.33 mg/kg of dietary DM basis) for 20 d before a 3-d 
withdrawal and slaughter. Subprimals were received 
at the Gordon W. Davis Meat Science Laboratory at 
Texas Tech University with 2 d postmortem age. The 
product temperature at arrival was 4°C. Beef knuckles 
and plates from each treatment were coarse ground (9.5 
mm) separately in a commercial grinder (Hollymatic, 
Countryside, IL). Food-grade dry ice was added to keep 
product temperature down during the grinding and mix-
ing process. At grinding, a representative sample was 
collected by taking 6 cored samples of each lean and 
fat source, and blended. The sample was then analyzed 
for fat content using AOAC-approved (Official Method 
2007.04; Anderson, 2007) near-infrared spectrophotom-
eter (FOSS Food Scan 78800, Dedicated Analytical So-
lutions, Hillerød, Denmark). The fat analysis data were 
then used to formulate a ground beef blend targeting 
a lean:fat of 80:20. The coarsely ground beef knuck-
les and plates were then blended (model A-80, Koch 
Supplies Inc., Kansas City, MO) in proper proportion 
and analyzed (FOSS Food Scan 78800, Dedicated Ana-
lytical Solutions) to confirm the targeted blend. The 
blended mixture was divided equally into 3 separate 
groups and vacuum stuffed (Handtmann VF50, Buffalo 
Grove, IL) into 2.67-kg chub packages, metal clipped, 
and stored in boxes held at 2 to 4°C for 7, 14, and 21 d 
postprocessing. At the end of each dark storage period, 
CON and ZH chubs were finely ground (3.2 mm) and 
portioned (approximately 0.45 kg) into packaging con-
sisting of expanded polystyrene trays overwrapped with 
low-barrier polyvinyl chloride film [PVC; MAPAC L, 
oxygen transmission rate = 21,700 mL of oxygen/(m2·24 
h); Borden Packaging and Industrial Products, North 
Andover, MA]. Packaged samples were placed in retail 
cases (model M1, Hussmann, Bridgeton, MO) under 
continuous fluorescent lighting (~1,900 lx using high-
output bulbs with a color temperature of 3,500°K and 
color rendering index of 73) for simulated retail display 
at 0 to 2°C. Displayed samples were then subjected to 
a variety of test variables at various times during simu-
lated retail display.

Composition Analysis

Compositional analysis (fat, moisture, protein, and 
collagen) was conducted using AOAC-approved (Of-
ficial Method 2007.04; Anderson, 2007) near-infrared 
spectrophotometer (FOSS Food Scan 78800, Dedicated 
Analytical Solutions). Analysis was conducted in du-
plicate each week (d −7, 14, and 21 of storage) at the 
beginning (0 h) of the retail display period.

pH

The pH of retail ground beef samples was measured 
at 0 h of display after 7, 14, and 21 d of dark storage. A 
10-g sample was randomly collected from each package 
and blended with 90 mL of distilled water. A filter pa-
per cone was placed into the solution and pH measure-
ments were taken of the filtered solution. The electrode 
(model 13-620-285, Fisher Scientific, Pittsburgh, PA) 
was rinsed between each pH measurement using dis-
tilled water. Samples were measured in triplicate and 
results averaged before analysis.

Trained Panel Color and Discoloration

A trained sensory panel, consisting of at least 6 mem-
bers, was used to evaluate lean color and surface dis-
coloration characteristics of ground beef throughout 
display (Texas Tech University Protection of Human 
Subjects Committee approval #500731). Trained pan-
elists were prescreened using a Farnsworth Munsell 100 
Hue Test (Farnsworth, 1957). Panelists were required 
to receive an error score of less than 60 before they 
could participate on the panel. Trained panelists used 
verbally anchored numeric scales to evaluate lean color 
(1 = very bright red, 2 = bright red, 3 = slightly dark 
red or brown, 4 = moderately dark red or brown, 5 = 
very dark red or brown) and percentage surface discol-
oration [1 = no discoloration, 2 = slight discoloration 
(1 to 10%), 3 = small discoloration (11 to 20%), 4 = 
moderate discoloration (21 to 60%), 5 = severe discol-
oration (61 to 100%)] according to AMSA (1991) color 
guidelines. Samples were evaluated at weekly storage 
intervals (7, 14, and 21 d) after 0, 4, 8, 12, 18, 24, 32, 
48, and 72 h of display.

Instrumental Color

The CIE L* (dark to light), a* (green to red), and 
b* (blue to yellow) color measurements were taken with 
a HunterLab MiniScan XE Spectrophotometer (mod-
el 4500L, Hunter Associates Laboratory Inc., Reston, 
WV) through the PVC packaging film using illuminant 
A with a 10° observer angle and a 2.5-cm aperture. 
Measurements were obtained in triplicate from single 
samples at 0, 4, 8, 12, 18, 24, 32, 36, 48, and 72 h of 
simulated display. Before each use, the colorimeter was 
calibrated using a white and black tile covered with 
PVC packaging film.
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Thiobarbituric Acid Analysis

Thiobarbituric acid analysis (TBA) was used as an 
indicator of oxidative rancidity development during dis-
play using the procedures outlined in Buege and Aust 
(1978) with modifications. Samples were obtained from 
each storage period at 0, 12, 24, 48, and 72 h of simu-
lated display and prepared by blending 10 g of meat 
sample with 30 mL of distilled water for 30 s followed 
by centrifugation at 1,850 × g at room temperature 
for 10 min. After centrifugation, the sample with add-
ed reagents was heated in the water bath for 15 min 
and cooled for 10 min in iced water. Optical density 
was read using a spectrophotometer (Beckman DU640, 
Beckman Instruments Inc., Fullerton, CA) at a wave-
length of 531 nm.

Microbiology

Aerobic plate counts (APC) were measured after 
each storage period on retail samples displayed for 0, 
24, 48, and 72 h. Serial dilution techniques were used 
to reduce the concentrations of microorganisms to a 
countable level. Samples of the desired concentration 
(1 mL) were then transferred to an aerobic plate count 
petrifilm (3M, St. Paul, MN) and incubated for 48 h at 
37°C. Each sample was plated in duplicate. Petrifilms 
were counted, computed, and reported as discussed by 
Vanderzant and Splittstoesser (1992).

Statistical Analysis

Data were analyzed as a split-split plot design us-
ing the MIXED procedure (SAS Inst. Inc., Cary, NC). 
The model included treatment, postgrind storage day, 
retail display hour, and all possible interactions. Least 
squares means were generated for main effects and in-
teractions and were considered significant at P < 0.05.

RESULTS AND DISCUSSION

Compositional analysis results indicate ZH treatment 
and storage time had no effect on fat, moisture, and 
protein values (Table 1). The project was designed to 
minimize or eliminate compositional differences between 

treatments. Therefore, these results were expected and 
validate our formulations. A decrease (P < 0.001) in 
pH was observed as storage time increased from 7 to 21 
d postmortem, which correlates with previous work by 
Rey et al. (1976) and Newton and Gill (1981). Nonethe-
less, no differences in pH were noted due to ZH treat-
ment (P = 0.42). Although the changes in pH during 
storage were significant, the change had no effect on the 
moisture content of the beef samples. Results also indi-
cate an increase in the collagen content of ground beef 
samples as storage time progressed (P < 0.05). We have 
not observed this trend in previous studies. Although 
these results could be due to variation among samples, 
previous research has reported variation between near-
infrared spectroscopy and traditional measures of col-
lagen in meat samples (Prieto et al., 2006, 2009). Prieto 
et al. (2009) speculated the variability could stem from 
the negligible difference between the near-infrared spec-
trum of collagen and myofibrillar proteins.

Zilpaterol hydrochloride treatment had no effect on 
trained panel color values, nor did ZH interact with 
storage time to affect trained sensory color scores (Table 
2). Similar results were recorded by Rogers et al. (2010) 
on traditionally packaged LM steaks from cattle supple-
mented with ZH and displayed for 1 d. However, Rogers 
et al. (2010) did note an increase in darkness of steaks 
from 20-d ZH-fed cattle at 2, 3, and 4 d of display. Con-
versely, Hilton et al. (2009) noted that LM steaks from 
cattle fed ZH for 30 d exhibited improved color scores 
throughout the 5-d display period after 14 d of aging in 
a vacuum package. Similarly, Buys and Strydom (2000) 
and Strydom (2002b) noted that minced meat aged for 
0 d from cattle supplemented with ZH for 20, 30, 40, 
and 50 d was more desirable to trained panelists at d 1, 
2, and 3 of retail display, whereas minced samples aged 
for 28 d from ZH-supplemented cattle were more desir-
able than controls throughout the 5-d display period. 
Although not statistically significant, color scores be-
came less desirable as storage time increased for CON 
and ZH samples. Similar results were observed in whole 
muscle cuts analyzed by Gunderson et al. (2009) and 
Hilton et al. (2009). Storage day and hour of retail 
display interacted significantly and independently from 
ZH treatment to affect trained panel color scores. Gen-
erally, color scores within storage time (d) decreased as 

Table 1. The effects of zilpaterol hydrochloride (ZH) treatment1 and refrigerated storage time (d) on the composi-
tion and pH of ground beef 

Trait

ZH feeding treatment Storage time ZH × day  
interaction  

P-valueCON ZH P-value SEM 7 d 14 d 21 d P-value SEM

Fat, % 20.46 19.40 0.21 0.43  19.60 19.93 20.25 0.67 0.52 0.64
Moisture, % 60.36 61.25 0.14 0.28  61.07 60.57 60.78 0.59 0.34 0.63
Protein, % 17.34 17.59 0.18 0.09  17.53 17.34 17.52 0.44 0.11 0.15
Collagen, % 2.67 2.60 0.54 0.07  2.48a 2.50a 2.92b 0.006 0.08 0.87
pH 5.48 5.53 0.42 0.04  5.79c 5.51b 5.22a <0.001 0.05 0.40

a–cWithin a row, means lacking a common superscript letter differ (P < 0.05).
1ZH (Intervet/Schering-Plough Animal Health, De Soto, KS) duration: CON = control; ZH dose = 8.33 mg/kg on a DM basis for 20 d.
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retail display time (h) increased. Similar results were 
observed by Brooks et al. (2008) who noted a decline in 
lean color rating as display time increased. Moreover, 
color stability during display decreased as storage time 
increased from 7 to 14 and 21 d. This was indicative at 
12 h of display when ground beef stored for 7 d had a 
more desirable color than samples from chubs stored for 
21 d (P < 0.05). At 48 h of display, samples from chubs 
stored for 7 d before display were brighter (P < 0.05) 
than samples from chubs stored 14 or 21 d (P < 0.05).

Zilpaterol hydrochloride treatment had no effect on 
trained panel discoloration values (P = 0.587), nor did 
ZH interact with storage time to affect trained sensory 
discoloration scores (Table 3; P = 0.548). Buys and 
Strydom (2000), however, noted that feeding ZH for 30 
d can result in less discoloration and a decreased met-
myoglobin percentage in traditionally packaged minced 
beef aged for 0 d before a 5-d display period. In the 
same study, it was noted that minced samples from 
cattle fed ZH for 30 and 50 d exhibited less metmyo-
globin when aged for 28 d before retail display. Storage 
day and hour of retail display interacted significantly 
and independently from ZH treatment to affect trained 
panel discoloration scores (P < 0.001). Interestingly, 
ground beef aged 7 d before display exhibited more 
discoloration (1.70) at the beginning (0 h) of display (P 
< 0.05) than at d 14 (1.02) or d 21 (1.13), respectively. 
Although the practical implications of these differences 
are debatable, the increased discoloration noted at 0 
h in samples stored 7 d (compared with 14 and 21 d) 
is supported by the TBA values reported in Table 4. 
At 18 h of display, samples stored for 14 d exhibited 
more discoloration than samples stored 7 d (P < 0.05); 

however, scores for both samples indicated slight discol-
oration (1 to 10%). A similar trend was observed at 24 
h of display, although scores were more discolored than 
samples at 18 h (P < 0.05). At 32 h of display, samples 
stored for 14 d exhibited moderate (21 to 60%) discol-
oration (4.52; P < 0.05), whereas scores for samples 
aged for 7 d indicated less than 20% surface discolor-
ation. These trends indicate that ground beef stored 21 
d reached moderate discoloration (21 to 60% discolor-
ation) sooner (18 h; P < 0.05) than samples stored for 
7 and 14 d, respectively. As previously reported, 21-d 
stored samples also exhibited decreased pH values (P 
< 0.05) than 7- or 14-d stored samples. Prior research 
by O’Grady et al. (2001) suggests that decreased pH 
values are correlated to increased oxidation of oxymyo-
globin, which could explain the greater discoloration 
in 21-d stored ground beef. Nonetheless, after 48 h of 
display, all scores (regardless of storage treatment) in-
dicated greater than 20% discoloration.

The 3-way interaction (ZH treatment × storage day 
× display hour) for L* values (P = 0.830) is presented 
in Figure 1. Zilpaterol hydrochloride treatment had no 
effect on L* values of traditionally packaged ground 
beef (P = 0.130). Although the treatment effect was 
not significant, L* values for ZH ground beef were nu-
merically greater than CON (50.16 vs. 48.74; data not 
reported in tabular form). The lack of significance cor-
responds with trained panelists color and discoloration 
scores, which also indicated no differences due to ZH 
treatment. Uclaf (1995) found that L* values for ZH-
treated whole muscle steaks were not noticeably lighter 
than controls. Strydom and Nel (1999) and Strydom 
(2002a) noted increased L* values with ZH supplemen-

Table 2. The effects of zilpaterol hydrochloride (ZH) treatment,1 refrigerated storage 
time (d), and simulated retail display (h) on scores2 from trained panelists of tradition-
ally packaged ground beef 

Item

Storage time, d ZH main  
effect treatment  

means37 14 21

ZH treatment4     
 CON 2.98 3.08 3.44 3.17
 ZH 2.90 3.29 3.58 3.26
Retail display,5 h     
 0 1.32a 1.37a 1.32a —
 4 1.77bc 1.50ab 1.78bc —
 8 2.25de 2.15cd 2.43de —
 12 2.45de 2.60ef 2.83f —
 18 2.78f 3.25g 3.93hi —
 24 3.23g 3.60h 4.30ij —
 32 3.57h 4.30ij 5.00k —
 48 4.45j 4.90k 5.00k —
 72 4.67jk 4.97k 5.00k —

a–kLeast squares means lacking a common superscript letter differ (P < 0.05).
1ZH (Intervet, Millsboro, DE) treatment: CON = control; ZH dose = 8.33 mg/kg for 20 d on a DM basis.
2Visual Lean Color Scale for Trained Panelists: 1 = very bright red; 2 = bright red; 3 = slightly dark red or 

brown; 4 = moderately dark red or brown; 5 = very dark red or brown.
3ZH main effect treatment means, P = 0.479, SEM = 0.08.
4ZH treatment × storage time (d) interaction, P = 0.5218, SEM = 0.13.
5Retail display (h) × storage time (d) interaction, P < 0.001, SEM = 0.14.
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tation in whole muscle steaks from beef type cattle and 
minced beef from cull cows, respectively. Storage time 
(d) and retail display (h) effects were observed for L* 
values (P = 0.030 and P < 0.001, respectively; main ef-
fects not reported graphically). Ground beef stored for 
7 d exhibited similar L* values as 14- and 21-d stored 
samples. However, samples stored 21 d were lighter (P 
< 0.05; greater L*) than samples stored for 14 d. Gen-
erally, L* values declined as hour of retail display in-
creased, indicating that all samples, regardless of treat-
ment, darkened during display.

There was a 3-way interaction (ZH treatment × stor-
age day × display hour) for a* values (P < 0.001; Fig-
ure 2). Generally, as display time increased, a* values 
declined, indicative of a decrease in redness. Among 
storage times, CON samples stored for 14 d before dis-
play were redder (P < 0.05) at the conclusion of display 
than samples stored for 7 or 21 d. Within storage time, 
7-d stored ZH samples were redder (P < 0.05) than 
CON samples at 24, 28, and 72 h of display, whereas 
a* values for 21-d stored ZH supplemented beef were 
greater than CON at 18 and 24 h, respectively. Re-
garding 14-d stored samples; no differences in redness 
were observed between CON and ZH samples until 
the conclusion of display (72 h) when CON samples 
had significantly greater values. Across storage time, 
samples stored for 14 or 21 d before display decreased 
in redness (smaller a* values; P < 0.05) earlier in the 
display period than 7-d samples. Although not signifi-
cantly different (P = 0.216) than 7-d CON, a* values 
for 7-d ZH ground beef samples were numerically great-
er at all display intervals. Strydom (2002b) showed an 
increase in oxymyoglobin in minced beef from cattle 

supplemented with ZH and stored for a substantially 
abbreviated time period (24 h). In the current study, 
however, ground beef from ZH-supplemented cattle 
stored for 21 d before display had smaller a* values 
(P < 0.05; less red) than ground beef stored for 7 or 
14 d. Rogers et al. (2010) noted greater (P < 0.05) a* 

Table 3. The effect of zilpaterol hydrochloride (ZH) treatment,1 refrigerated storage 
time (d), and simulated retail display (h) on trained panel discoloration scores2 of tra-
ditionally packaged ground beef 

Item

Storage time, d ZH main  
effect treatment  

means37 14 21

ZH treatment4     
 CON 2.83 2.80 3.40 3.01
 ZH 2.71 3.05 3.53 3.10
Retail display,5 h     
 0 1.70cdef 1.02a 1.13ab —
 4 1.73cdef 1.23abc 1.57cde —
 8 1.78def 1.53bcd 2.08fg —
 12 2.02defg 2.08fg 2.40gh —
 18 2.05efg 2.57h 4.17j —
 24 2.75h 3.40i 4.85k —
 32 3.65i 4.52jk 5.00k —
 48 4.55jk 4.98k 5.00k —
 72 4.73k 5.00k 5.00k —

a–kLeast squares means lacking a common superscript letter differ (P < 0.05).
1ZH (Intervet, Millsboro, DE) treatment: CON = control; ZH dose = 8.33 mg/kg for 20 d on a DM basis.
2Discoloration scale: 1 = no discoloration; 2 = slight discoloration (1 to 10%); 3 = small discoloration (11 to 

20%); 4 = moderate discoloration (21 to 60%); 5 = severe discoloration (61 to 100%).
3ZH main effect treatment means, P = 0.587, SEM = 0.10.
4ZH treatment × storage time (d) interaction, P = 0.548, SEM = 0.17.
5Retail display (h) × storage time (d) interaction, P < 0.001, SEM = 0.18.

Table 4. The effect of zilpaterol hydrochloride (ZH) 
treatment,1 refrigerated storage time (d), and retail dis-
play (h) on thiobarbituric acid values (mg of malonal-
dehyde/kg of meat) of traditionally packaged ground 
beef 

Item

Storage time, d

7 14 21

ZH treatment2    
 CON 1.64c 1.02a 1.07a

 ZH 1.32b 1.21ab 1.18ab

Retail display,3 h    
 0 1.19ef 1.12e 0.83d

 12 1.37fg 1.11e 0.85d

 24 1.50ghi 1.07e 0.98de

 48 1.59ij 1.14e 1.38fgh

 72 1.76j 1.11e 1.59ij

a–cLeast squares means for ZH treatment × storage time (d) interac-
tion lacking a common superscript differ (P < 0.05).

d–jLeast squares means for retail display (h) × storage time (d) inter-
action lacking a common superscript differ (P < 0.05).

1ZH (Intervet, Millsboro, DE) duration: CON = control; ZH dose = 
8.33 mg/kg for 20 d on a DM basis.

2ZH treatment × storage time (d) interaction, P = 0.007, SEM = 
0.06.

3Retail display (h) × storage time (d) interaction, P < 0.001, SEM 
= 0.07.
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values in traditionally packaged LM steaks from cattle 
supplemented with ZH for 20 d when compared with 
controls. Although significant differences were noted at 
various display intervals for both ZH treatments and 
storage time, the lack of discernible differences between 
ZH treatments among evaluations of trained panelists 
suggests these differences had minimal effect on trained 
panelist scores.

The 3-way interaction (ZH treatment × storage day 
× display hour) for b* values (P = 0.109) is presented in 
Figure 3. Zilpaterol hydrochloride treatment had no ef-
fect on b* values of traditionally packaged ground meat 
compared with CON (P = 0.186; main effect not pre-
sented in graphic or tabular form). Although there was 
no significant ZH effect, b* values of ZH ground meat 

were numerically greater than those for CON ground 
meat (20.2 vs. 19.8, respectively) at the conclusion of 
display for all storage periods. Rogers et al. (2010) noted 
greater b* values in traditionally packaged strip steaks 
from 20-d ZH-supplemented cattle on d 0, 2, and 4 of 
retail display when compared with strip steaks from 
control cattle. In contrast, Hilton et al. (2009) observed 
decreased yellow tones (b*) in traditionally packaged 
whole muscle cuts from 30-d ZH-supplemented cattle in 
relation to those not fed ZH. Data analysis did indicate 
a storage time (d) × retail display (h) interaction for 
b* values (P < 0.001; interaction not reported). The 
analysis indicated decreasing b* values as display time 
increased, with a more rapid decline in b* values during 
display as storage time increased. Similar retail display 

Figure 1. Lightness (L*) least squares means for ground beef from beef cattle supplemented with zilpaterol hydrochloride (ZH; Intervet, Mills-
boro, DE; dose = 8.33 mg/kg for 20 d on a DM basis) or control (CON, no ZH), stored for various lengths (7, 14, or 21 d), and displayed under 
simulated retail conditions for 72 h at refrigeration temperatures (0 to 2°C). Interaction P = 0.830 with SEM = 0.74.

Figure 2. Redness (a*) least squares means for ground beef from beef cattle supplemented with zilpaterol hydrochloride (ZH; Intervet, Mills-
boro, DE; dose = 8.33 mg/kg for 20 d on a DM basis) or control (CON, no ZH), stored for various lengths (7, 14, or 21 d), and displayed under 
simulated retail conditions for 72 h at refrigeration temperatures (0 to 2°C). Interaction P < 0.001 with SEM = 0.58.
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trends were observed by Sawyer et al. (2007) and Rog-
ers et al. (2010).

Data analysis indicated a ZH treatment × storage day 
interaction (P = 0.007), as well as a storage day × hour 
of retail display interaction (P < 0.001) for TBA analy-
sis (Table 4). Zilpaterol hydrochloride-treated samples 
had smaller TBA values than CON after 7 d of storage 
(P = 0.007; 1.32 vs. 1.64, respectively). However, no 
differences in TBA values were observed between CON 
and ZH ground beef stored for 14 (P = 0.066) and 21 
d (P = 0.251). The TBA values tended to decline with 
increased storage indicating oxidation early in the stor-
age period. The TBA values increased as retail display 
increased for samples stored 7 and 21 d. The results 
observed during display for ground beef stored 7 and 21 
d correlates with previous research illustrating the oxi-
dizing effect of lighted display and its subsequent effect 
on TBA values (Andersen and Skibsted, 1991; Brooks 
et al., 2008). However, TBA values did not differ over 
display time (h) for ground beef stored for 14 d. Previ-
ous research has suggested that microbial utilization of 
TBA reactive substances could reduce or stabilize lipid 
oxidation byproduct accumulation during storage and 
display (Moerck and Ball, 1974; McMillin et al., 1991; 
Rhee et al., 1997). Smith and Alford (1968) reported 26 
species of yeasts, molds, and bacteria capable of utiliz-
ing peroxides, whereas Brown et al. (1979) identified 
Pseudomonas fragi as a bacterium capable of destroy-
ing 2,4-alkadienals. In the current study, the microbial 
data presented in Table 5 suggest bacterial utilization 
of lipid oxidation byproducts is likely responsible for 
the TBA values observed among samples stored for 14 
d. Utilizing the principles of a traditional microbiologi-
cal growth curve (i.e., lag, exponential, stationary, and 
death phases) the APC can be used to explain the TBA 

values. At the initial storage interval (7 d), bacteria 
present in the lag phase of growth should allow for the 
accumulation of lipid oxidation products. After 14 d 
of storage, rapidly proliferating bacteria would cause 
a noticeable reduction of oxidation products, thus re-
ducing TBA values. After 21 d of storage, bacterium 
would have utilized all growth substrates and entered 
the stationary or death phases of growth, allowing for 
the accumulation of oxidation products once again.

Treatment had no effect on APC of ground meat from 
CON and ZH-supplemented cattle (P = 0.207; Table 
5). However, a storage day × hour of retail display in-
teraction for APC was noted (P < 0.001). Aerobic plate 
counts of ground beef stored for 7 and 14 d were differ-
ent (P < 0.05) at all hours of display; however, counts 
increased for ground beef from both storage lengths as 
display time progressed. Similar increases in microbial 
counts of traditionally packaged ground beef as display 
time increased were noted by Brooks et al. (2008). Af-
ter 21 d of storage, ground beef APC were not different 
at 0, 24, 48, or 72 h of display. Aerobic plate counts for 
ground beef stored for 14 and 21 d were greater than 
those of ground beef stored for 7 d at 0, 24, and 48 h 
of simulated retail display (P < 0.05), indicating an 
increase in microbial load with prolonged storage. How-
ever, at 72 h, APC for ground beef stored for 21 d were 
significantly less (8.64 log cfu/g) than those of ground 
beef stored for 7 or 14 d before display (9.23 and 9.09 
log cfu/g, respectively; P < 0.05). Further investigation 
is needed regarding the effects of various storage peri-
ods and display times on APC of ground beef.

In conclusion, these results indicate that ZH treat-
ment had no detrimental impact on the trained evalu-
ations of color and discoloration scores of traditionally 
packaged ground beef when compared with controls. 

Figure 3. Yellowness (b*) least squares means for ground beef from beef cattle supplemented with zilpaterol hydrochloride (ZH; Intervet, 
Millsboro, DE; dose = 8.33 mg/kg for 20 d on a DM basis) or control (CON, no ZH), stored for various lengths (7, 14, or 21 d), and displayed 
under simulated retail conditions for 72 h at refrigeration temperatures (0 to 2°C). Interaction P = 0.109 with SEM = 0.39.
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Although significant differences in a* values and discol-
oration scores were noted over the display period, this 
trend has been documented by other researchers as an 
effect of storage time or display length or both (Kropf, 
1980; Raines et al., 2009) and cannot be attributed to 
ZH supplementation. Though instrumental color differ-
ences were observed in the present study, the lack of dif-
ference in evaluations from trained panelists indicates 
that the difference would likely be negligible to con-
sumers. Previous investigations of ZH supplementation 
on the color stability and shelf life of whole muscle cuts 
from beef cattle is widely varied, with results indicat-
ing both advantages and disadvantages to ZH supple-
mentation (Buys and Strydom, 2000; Strydom, 2002b; 
Hilton et al., 2009; Gunderson et al., 2009; Rogers et 
al., 2010). Nonetheless, although prior research regard-
ing ground beef from ZH treated cattle is limited, it is 
suggested that ZH supplementation could improve the 
color and shelf life of minced top loin beef (Buys and 
Strydom, 2000). Overall, the results for this study did 
not indicate a detrimental effect of ZH supplementation 
on the shelf life of traditionally packaged ground beef 
stored for 7, 14, and 21 d before simulated retail display 
for up to 5 d.
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