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Summary

Color, lipid, and protein stability 
of beef strip loin steak treated with 
different antioxidants (tocopherol, 
tertiary butyl hydroquinone, rosemary, 
or combinations of two of the 
antioxidants) and packaged in low 
oxygen (2-5% O

2
) or high oxygen (80% 

O
2
) modified atmosphere packages were 

studied. The application of tertiary butyl 
hydroquinone on steaks prior packaging 
(either in low- or high-oxygen modified 
atmosphere packages) was significantly 
effective in minimizing color and lipid 
oxidation during retail display. Under 
modified atmosphere packaging (low- 
or high-oxygen modified atmosphere 
packaging), oxidation of myoglobin 
color pigments and lipids were unrelated 
to beef tenderness. 

Introduction

High oxygen modified atmosphere 
packages (80% oxygen and 20% 
carbon dioxide; HiOx– MAP) help 
sustain cherry red color of meat 
longer compared to steaks in oxygen 
permeable (PVC-OW) packages 
(2011 Nebraska Beef Cattle Report, 
pp. 100-102) or low oxygen modified 
atmosphere packages (LowOx-MAP; 
2010 Nebraska Beef Cattle Report, pp. 
99-101). However, previous studies 
reported that HiOx-MAP significantly 
increases protein oxidation, thereby 
reducing steak tenderness (2012 
Nebraska Beef Cattle Report, pp 
…). Dipping steaks in antioxidant 
solutions prior packaging may give a 
protective layer around steaks thereby 
minimizing color, lipid, and protein 
oxidation. 

 Therefore, two separate studies 
were performed to find out the 
effectiveness of application of 
different antioxidants, prior 
packaging, on color, lipid, and protein 
stability of strip loin steaks under 
HiOx- and LowOx-MAP systems. 

Procedure

Five USDA Choice beef loin, strip 
loins (longissimus lumborum) for 
each study were aged at 36°F for 14 
days from the boxed date. Each strip 
loin was cut into nine, inch-thick 
steaks (for color and instrumental 
tenderness tests), and half-inch thick 
steaks (half of the steak for either 
four or seven days retail display lipid 
oxidation test).

Steaks were held as untreated 
control (packaged in PVC-OW 
and LowOx-MAP or HiOx-MAP 
packages) or dipped in one of six 
antioxidant solutions containing 
alpha-tocopherol (Tocopherol; 300 
ppm), tertiary butyl hydroquinone 
(TBHQ; 200 ppm), a commercial 
extract of Rosemary (Herbalox; 
600 ppm; Kalsec Inc., Kalamazoo, 
Mich.), or combinations of two of the 
antioxidants (Tocopherol and TBHQ; 
TBHQ and Herbalox; Tocopherol and 
Herbalox). Preliminary tests were 
conducted to determine optimum 
concentrations and application 
methods. After antioxidant 
application, steaks were packaged 
in modified atmosphere packages 
containing low levels of oxygen 
(2-5% O

2
, 10% CO

2
 and 85% N

2
; 

LowOx-MAP) or high levels of oxygen 
(80% O

2
 & 20% CO

2
; HiOx-MAP). 

All the packages were displayed for 
seven days in retail display cases at 
32 ± 36°F under continuous 1,000-
1,800 lux warm white fluorescence 
lighting. Color measurements (CIE 
a*redness values; by Minolta color 
meter) and discoloration (estimated as 
percent discoloration; by five trained 

panelists) scores were obtained daily 
during retail display period. The 
thiobarbituric acid reactive substances 
assay (TBARS) was performed to 
quantify lipid oxidation at 0, 4, 
and 7 days retail displayed steaks. 
Instrumental tenderness of steaks was 
measure by Warner-Bratzler shear 
force (WBSF) at the beginning and 
the end of retail display on steaks 
cooked to 160ºF. 

Data were analyzed by ANOVA in 
the GLIMMIX procedure of SAS (SAS 
Inst., Inc., Cary, N.C.). Separation 
of means was conducted using 
LSMEANS procedure with PDIFF and 
LINES options in SAS at P < 0.05.

Results

Steaks packaged in LowOx-MAP 
discolored at a more rapid rate than 
those in HiOx-MAP (Figure 1). 
Under  LowOx-MAP, steaks treated 
with solutions containing TBHQ had 
significantly  less (Figure 1; P < 0.0001) 
discoloration after three days of retail  
display than steaks treated with the 
other antioxidants. These differ-
ences were evident after six days  
for the HiOx-MAP study (Figure 1;  
P < 0.0001). Steak a* values decreased 
(less redness) during retail display 
(data not shown). This decline was 
more severe (data not shown;  
P < 0.0001) for steaks dipped in solu-
tions that did not contain TBHQ and 
packaged in LowOx-MAP. However, 
there were no differences in a* values 
among treatments using HiOx-MAP 
(data not shown; P = 0.14).

Lipid oxidation of steaks also 
progressed during retail display 
(Figure 2; P < 0.0001). This increase 
in lipid oxidation was more severe 
(Figure 2; P < 0.0001) for steaks 
treated solutions not containing 
TBHQ. At the end of retail display, 
steaks in HiOx-MAP had significantly 
higher TBARS values than steaks in 
LowOx-MAP (Figure 2). 
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Under LowOx-MAP, steaks at 
the end of retail display had lower 
(data not shown; P = 0.006) WBSF 
values (more tender) than 0 day retail 
displayed steaks. This indicates that 
further postmortem tenderization 
is occurring during retail display 
period. However, a similar trend was 
not seen in steaks packaged in HiOx-
MAP (data not shown; P = 0.87). A 
possible reason would be high oxygen 
condition in packages significantly 
interferes with further tenderization 

of meat by protein aggregation and 
inactivation of proteolytic enzymes. 
In addition, there were no significant 
differences in Δ WBSF (7 day – 0 day) 
values across all treatments for either 
study (data not shown; P > 0.05). 

Under modified atmosphere 
packaging (LowOx- or HiOx-MAP), 
oxidation of myoglobin pigments, 
and lipids were unrelated to beef 
tenderness. The application of 
antioxidant TBHQ on steaks prior 
packaging in MAP (either Low or 

HiOx-MAP) was significantly more 
effective in minimizing myoglobin 
and lipid oxidation during retail 
display. 

1Spencer W. Bolte; former undergraduate 
student; Lasika S. Senaratne-Lenagala, graduate 
student; Chris R. Calkins, professor; Siroj 
Pokharel, former graduate student; Kimberly 
A. Varnold, graduate student, University of 
Nebraska–Lincoln Department of Animal 
Science, Lincoln, Neb.

2This project was funded by the UCARE, 
University of Nebraska–Lincoln.

Figure 1.  Means of percentage discoloration of antioxidant-treated-strip loin steaks packaged in a) low oxygen (LowOx-MAP) and b) high oxygen (HiOx-
MAP) modified atmosphere systems during seven days of simulated retail display conditions (Treatment × day, P < 0.0001). A-Dcomparison 
among treatments within the same retail display day, means lacking a common superscript were significantly different at P < 0.05.
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Figure 2.  Means of thiobarbituric acid reactive substances values of antioxidant-treated-strip loin steaks packaged in a) low oxygen (LowOx-MAP) and  
b) high oxygen (HiOx-MAP) modified atmosphere systems during seven days of simulated retail display conditions (Treatment × day, P < 0.0001). 
A-Ccomparison among treatments within same retail display day, means lacking a common superscript were significantly different at P < 0.05. 
a-ccomparison among retail display days within same treatment, means lacking a common superscript were significantly different at P < 0.05.

10

9

8

7

6

5

4

3

2

1

0

10

9

8

7

6

5

4

3

2

1

0

M
g 

M
al

on
al

de
hy

de
/k

g 
of

 t
is

su
e

M
g 

M
al

on
al

de
hy

de
/k

g 
of

 t
is

su
e0 Day 4 Day 7 Day

A

A

A B
AB

B

C

BC

B

C C C C

BC

B

 c b a b a a b a a c b a b ab a  c b a b a a b a a c b a  b ab a c b a

C
on

tr
ol

 O
W

-P
V

C

C
on

tr
ol

 M
A

P

To
co

ph
er

ol

T
B

H
Q

H
er

ba
lo

x

To
x+

T
B

H
Q

H
er

b+
T

B
H

Q

To
c+

H
er

b

C
on

tr
ol

 O
W

-P
V

C

C
on

tr
ol

 M
A

P

To
co

ph
er

ol

T
B

H
Q

H
er

ba
lo

x

To
x+

T
B

H
Q

H
er

b+
T

B
H

Q

To
c+

H
er

b

a b

A
A A

A

B B

AB

B


	2012Beef CattleReport
	ACKNOWLEDGMENTS
	Table of Contents 2012 Nebraska Beef Cattle Report
	Supplementing Gestating Beef Cows GrazingCornstalk Residue
	Effect of Corn Stalk Grazing and Balingon Cattle Performance and Irrigation Needs
	Nutritive Value and Amount of Corn Plant Parts
	Wheat Straw, Distillers Grains, and Beet Pulpfor Late Gestation Beef Cows
	Influence of Weaning Date and Prepartum Nutritionon Cow-Calf Productivity
	Effect of Calving Period on Heifer Progeny
	Evaluating Conventional and Sexed Semenin a Commercial Beef Heifer Program
	Late Gestation Supplementation Impacts PrimiparousBeef Heifers and Progeny
	Nutritional Regime and Antral Follicle Count ImpactReproductive Characteristics in Heifers
	Vascular Endothelial Growth Factor A (VEGFA)in Ovulatory Follicles
	Oocyte mRNA and Follicle Androgen Levels Associatedwith Fertility
	The Simmental Breed: Population Structureand Generation Interval Trends
	Association of Myostatin on Performance and Carcass Traitsin Crossbred Cattle
	Economic Analysis of Keeping a Nonpregnant Cow
	Effect of Post-Weaning Heifer Development Systemon Average Daily Gain, Reproduction, and Adaptationto Corn Residue During First Pregnancy
	Impact of Post-Weaning Beef Heifer Development System onAverage Daily Gain, Reproduction, and Feed Efficiency
	Heifer Development: Think Profit, Not Just Cost or Revenues
	Beef Heifer Development and Profitability
	Research Results are Dependent on Accurate Cattle Weights
	Forage Availability and Quality of No-till Forage Crops forGrazing Cattle
	Strategies of Supplementing Dried Distillers Grainsto Yearling Steers on Smooth Bromegrass Pastures
	Comparison of Feeding Dry Distillers Grains in a Bunk or onthe Ground to Cattle Grazing Subirrigated Meadow
	Byproducts with Low Quality Forage to Grazing Cattle
	Effects of Forage Type, Storage Method, and Moisture Levelin Crop Residues Mixed with Modified Distillers Grains
	Effect of Storage Method on Nutrient Composition andDry Matter Loss of Wet Distillers Grains
	Spoilage of Wet Distillers Grains Plus Solublesand Feed Value
	Increasing Levels of Condensed Distillers Solublesand Finishing Performance
	Feeding Condensed Distillers Solubles in Finishing DietsContaining WDGS or Synergy
	Metabolism of Finishing Diets Containing CondensedDistillers Solubles and WDGS
	Wet Distillers Grains and Ratios of Steam-Flakedand Dry-Rolled Corn
	Effect of Corn Processing on Feedlot Steers Fed Sugarbeet Pulp
	Distillers Grains With Solubles and Ground Ear Corn inFeedlot Diets
	Feeding Field Peas in Finishing Diets ContainingWet Distillers Grains Plus Solubles
	Ruminal Degradable Sulfur and Hydrogen Sulfidein Cattle Finishing Diets
	Meta-Analysis of the Effect of Dietary Sulfuron Feedlot Health
	Complete-feed diet RAMP™ in Grain Adaptation Programs
	Use of Complete-feed Diets RAMP™ and Test Starterfor Receiving Cattle
	Effects of RAMP™ on Feed Intake and Ruminal pH DuringAdaptation to Finishing Diets
	Potassium for Feedlot Cattle Exposed to Heat Stress
	Feeding Modified Distillers Grains With Solublesand Wet Corn Gluten Feed (Synergy) to Adapt Cattleto Finishing Diets
	Using Beet Pulp to Adapt Cattle to Finishing Diets
	Effect on Performance and Nutrient Mass Balance of FeedingMicro-Aid in Wet Distillers Grains Plus Solubles Diets
	Effects of Barley Diets with Distillers Grains Plus Solubleson Feedlot Performance and N and P Balance
	Feedlot Manure Utilization as Influenced by ApplicationScheme and Diet
	Chemical Treatment of Low-quality Forages to Replace Cornin Cattle Finishing Diets
	Reducing Particle Size Enhances Chemical Treatmentin Finishing Diets
	Factors Influencing Profitability of Calf-Fed Steers Harvestedat Optimum Endpoint
	Grazing Supplementation and Subsequent Feedlot Sortingof Yearling Cattle
	Impact of Sorting Prior to Feeding Zilpaterol Hydrochlorideon Feedlot Steers
	Condensed Distillers Solubles and Beef Shelf Life
	Effects of Antioxidants on Beef in Low and High OxygenPackages
	Dietary Antioxidants and Beef Tenderness During RetailDisplay in High O2
	Effects of Freezing and Thawing Rates on Tenderness andSensory Quality of Beef Subprimals
	Subprimal Freezing and Thawing Rates Affect Beef at Retail
	Statistics Used in the Nebraska Beef Reportand Their Purpose

	Animal Science
	To Page 1



