
1) Determine the effects of a low-fat wet distillers grain diet
on PUFA and total fat content of beef.

2) Evaluate the effects of a low-fat wet distillers grain diet on
fatty acid analysis.

 Increased levels of distillers grains have been shown to
elevate the polyunsaturated fatty acid (PUFA) content in
meat.

 The PUFA become oxidized and compromise shelf life and
color stability of beef.

 It was hypothesized that a diet containing Low-Fat Wet
Distillers Grains (LFWDG) would result in beef with less
PUFA than a Traditional Wet Distillers Grains plus
Solubles (TWDGS) diet, thereby minimizing problems
associated with oxidation, discoloration and off-flavor
development.

 The meat from the control diet had less PUFA than cattle fed diets containing
DG, difference in PUFA of 0.40 (about 10%, P = 0.08) was found between
LFWDG (4.86) and TWDGS (4.46).

 This difference would support the increased amount of discoloration and
lipid oxidation between the two diets containing DG.

 The LFWDG diet increased PUFA content, increased oxidative rancidity and
decreased shelf life in strip loin steaks during retail display.

 An increase in total trans fatty acids was also significant (P ≤ 0.05) in both
diets containing WDG in comparison to the corn-based diet.

 Fat percent and moisture content were not significantly different among the
dietary treatments.

 Contrary to the hypothesis, feeding LFWDG increases PUFA in meat.
 Fats contained within DG have a greater impact on PUFA content in meat

than fats contained within the solubles fraction.

 96 yearling steers were split into three groups by diet:
• Corn Control Diet (Corn)
• Traditional Wet Distillers Grains plus Solubles

(TWDGS)
• Low-Fat Wet Distillers Grains (LFWDG)

 15 USDA Choice Strip Loins were gathered per treatment
(total n = 45 Strip Loins) aged for 12 days in vacuum
packaging.

 Each Strip Loin was cut into steaks and used to analyze
Warner Bratzler Shear Force, Taste Panel, measure lipid
oxidation (using the Thiobarbituric Acid Method), color
during retail display, proximate composition and fatty acid
composition.

 Fatty acid profiles were obtained using gas chromatography. 
 Statistical Analysis

• Data were analyzed as a split-plot design.
• Whole-Plot = Dietary treatment.
• Split-Plot = Day in retail display.

• Data were analyzed using the GLIMMIX procedure (SAS®,
2009) when significance (P ≤ 0.05) was indicated by
ANOVA.

Dietary Treatments2

Fatty Acid Corn TWDGS LFWDG P-value

10:0 0.03 0.05 0.03 0.41

12:0 0.05 0.04 0.04 0.83

14:0 2.82 2.59 2.62 0.27

14:1 (n-5) 0.65 0.61 0.63 0.68

15:0 0.53A 0.41B 0.46B 0.01

iso 16:0 0.16 0.15 0.16 0.86

16:0 24.67A 23.01B 23.50B 0.01

16:1 (n-7) 3.12A 2.72B 2.84AB 0.03

17:0 1.65A 1.43B 1.37B 0.0001

iso 18:0 0.08 0.11 0.10 0.20

17:1 (n-7) 1.50A 1.22B 1.22B <0.0001

18:0 13.02 13.98 13.12 0.12

18:1 trans 2.46B 3.49A 3.68A 0.01

18:1 (n-9) 42.55 42.19 41.55 0.58

18:1 (n-7) 1.11 0.92 0.85 0.24

18:1 ∆13 0.15 0.16 0.18 0.81

18:1 ∆14 0.14B 0.18A 0.19A 0.03

18:2 trans 0.04B 0.08A 0.07A 0.0003

19:0 0.06 0.07 0.08 0.75

18:2 (n-6) 2.16C 3.43B 3.81A <0.0001

20:0 0.43B 0.48AB 0.52A 0.05

18:3 (n-3) 0.07B 0.10A 0.11A 0.02

20:1 (n-9) 0.07 0.06 0.04 0.21

18:2 cis 9 trans 11 0.03 B 0.06 AB 0.07 A 0.02

18:2 cis 10 trans 12 0.01 0.01 0.01 0.29

20:3 (n-6) 0.12B 0.17A 0.17A 0.0013

20:4 (n-6) 0.39 0.44 0.45 0.44

20:5 (n-3) 0.03 0.03 0.03 0.66

22:4 (n-6) 0.05 0.06 0.05 0.06

22:5 (n-3) 0.09 0.09 0.10 0.70

PUFA2 2.99B 4.46A 4.86A <0.0001

MUFA 51.76 51.54 51.17 0.79

Total Trans 2.50B 3.57A 3.75A 0.01

SFA 43.51 42.33 42.00 0.19

Others 1.74B 1.67B 1.97A 0.01

Omega 3 0.19B 0.22AB 0.23A 0.10

Omega 6 2.72B 4.09A 4.48A <0.0001

Omega 6: Omega 3 16.99 19.29 20.15 0.50

2 Corn (Control Diet), TWDGS (Traditional Wet Distillers Grains plus Solubles) and LFWDG (Low-Fat Wet 
Distillers Grains).
3 P-value comparing LFWDG to TWDGS = 0.08. 
A, B, C Means in the same row having different superscripts are significant at P ≤ 0.05.

Contact: Dr. Chris Calkins – ccalkins1@unl.edu

Funded in part by the Beef Checkoff

Weight Percentage Values  Observed by Gas Chromatography

Composition of Finishing Diets Fed to Yearling Steers 

Expressed as Percentage of Diet DM.
Diet Composition1

Constituent Corn TWDGS LFWDG

Dry Rolled Corn 42.5 25.0 25.0

High Moisture Corn 42.5 25.0 25.0

Wet Distillers Grains - - 35.0

Wet Distillers Grains plus

Solubles

- 35.0 -

Sorghum Silage 10.0 10.0 10.0

Supplement2 5.0 5.0 5.0

Crude Protien, % 13.6 17.8 17.9

Fat, % 3.64 6.91 4.72

Sulfur, % 0.12 0.41 0.37
1Corn, TWDGS (Traditional Fat Wet Distillers Grains plus Solubles), LFWDG (Low-Fat 

Wet Distillers Grains).
2Supplement contained fine ground corn, limestone, urea, Soypass, tallow, salt, trace 

mineral premix, Rumensin premix, vitamin premix, Tylan premix, and thiamine.
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INTRODUCTION 
Tenderness is considered to be the single most important factor influencing consumers’ perceptions of taste (Savell et al., 1987, 1989).  Numerous 

factors including sarcomere length (Locker, 1960), collagen quantity (Tuma et al., 1963) and quality (Mitchell et al., 1927), ultimate pH (Harrell et al., 

1978), marbling (McBee and Wiles, 1967), calpain/calpastatin activity (Whipple et al., 1990), aging time (Smith et al., 1978), suspension method 

(Hostetler et al., 1970), and electrical stimulation (Savell et al., 1978) have been shown to influence beef palatability.  Multiple tests (GeneSTAR®, 

Igenity® TenderGENE™) have been developed linking DNA single nucleotide polymorphisms (SNPs) to tenderness.  Pro-Melanin Concentrating 

Hormone (PMCH) has been shown to play a role in the regulation of appetite and metabolism in cattle (Shimada et al. 1998; Elliott et al. 2004; 

Gavrila et al. 2005) and may affect beef tenderness (Helgeson, 2007).  Therefore, the objective of this study was to assess the association of PMCH 

genotypes with Warner-Bratzler shear force of beef longissimus dorsi muscle. 

     

 
MATERIALS & METHODS 

CONCLUSION 
PMCH genotype explained a small portion of the variation in Warner-Bratzler shear force value and appeared to be a more useful 

indicator prior to carcass evaluation.  

• DNA samples (ear or muscle tissue) were obtained from cattle in the Texas panhandle (n = 352) and southern Idaho (n = 542).  
• The Texas population consisted of pens of 87 to 92 cattle.  Within a pen, all cattle expressing TT alleles were selected and cattle expressing AA and AT alleles were randomly 

sampled to achieve a sampling rate of 10 head per pen. For the Idaho population, all cattle were utilized. 

• PMCH genotyping (AA, AT, TT) was conducted by Quantum Genetix Canada Inc., Saskatoon, SK. 

• Cattle were harvested at commercial beef processors.   

• Carcasses were graded and the boneless rib or loin primals from one side of each carcass were removed. 

• Three steaks were allocated from each primal and aged for 7, 14, or 21 days prior to Warner-Bratzler shear force determinations. 

• Simple linear regression quantified ability of trial variables and carcass traits to estimate composite Warner-Bratzler shear force. In addition, 

 simple linear regression models were developed to predict carcass and cooking attributes using PMCH genotypes. 

• Stepwise regression models were developed to predict WBSF using pre-harvest, post-harvest, and cooking knowledge.   

RESULTS 

• Allele frequencies of population (AA – 64.66%, AT – 30.69%, TT – 4.65%) and sample (AA – 59.40%, AT – 29.19%, TT – 11.41%). 

• No difference in frequency of tender steaks was detected amongst PMCH genotypes. 

• Knowledge of PMCH genotype estimated 3% of the variation in WBSF. 

• Pre-harvest prediction of WBSF was weak (Adj. R2 = 0.18), but improved with post-harvest (Adj. R2 = 0.31) and post-cooking (Adj. R2 = 0.44) data. 

• PMCH genotype provided limited ability (Adj. R2 = 0.18) to predict cooking loss and poor ability (Adj. R2 ≤ 0.06) to predict carcass attributes . 

Table 1 

Percentage of steaks within PMCH alleles and aging time by study site less than 

the WBSF tenderness thresholds of 4.0 kg and 4.6 kg 

Texas site 

% < 4.0 kg % < 4.6 kg 

PMCH allele 7d  14d  21d  7d 14d 21d 

AA 34.48 61.49 72.41 56.90 73.56 89.65 

AT 35.53 56.58 69.74 51.32 69.74 80.26 

TT 28.43 54.90 62.75 50.00 75.49 88.24 

P-value 0.975 0.980 

Idaho site 

AA 72.55 91.32 97.48 88.24 98.04 99.44 

AT 71.70 89.31 96.86 88.05 96.23 99.37 

TT 76.92 96.15 100.00 88.46 100.00 100.00 

P-value 1.00 1.00 

Table 2 

Simple linear regression to estimate composite WBSF 

Parameter Adj R2 Root MSE P-value Equation 

Site1 0.30 0.736 < 0.0001 WBSF9 = 5.083 – (.994 x site no.)  

Composite cook loss, %2 0.29 0.744 < 0.0001 WBSF = 0.846 + (13.421 x composite 

cook loss) 

Block3 0.23 0.771 < 0.0001 WBSF = 2.877 + (.069 x block no.) 

Marbling score4 0.17 0.802 < 0.0001 WBSF = 5.269 – (.041 x marbling score) 

ZH5 0.15 0.813 < 0.0001 WBSF = 3.137 + (.685 x ZH) 

EBF, %6 0.12 0.833 < 0.0001 WBSF = 6.298 – (.095 x EBF) 

Fat thickness, cm 0.08 0.848 < 0.0001 WBSF = 4.151 – (.481 x fat thickness) 

USDA yield grade7 0.04 0.862 < 0.0001 WBSF = 4.185 – (.248 x USDA yield 

grade) 

No. of T alleles8 0.03 0.866 < 0.0001 WBSF = 3.360 + (.228 x T allele no.) 

HCW, kg 0.01 0.876 0.0008 WBSF = 4.684 – (.003 x HCW) 

1Texas site or Idaho site (1 or 2). 
2Composite cook loss = average cook loss values for 7, 14, and 21, days of aging averaged together for each carcass. 
3Block = 1 – 12.  
4Scores: 30 = Slight; 40 = Small; 50 = Modest. 
5ZH = Zilpaterol hydrochloride presence (1) or absence (0) in feeding ration. 
6EBF, % = 17.76207 + (4.68142 x FT) + (0.01945 x HCW) + (0.81855 x QG) – (0.06754 x LMA), where YG = USDA yield grade, FT = 12th 

rib fat thickness in cm, HCW = hot carcass weight in kg, QG = quality grade (4 = Select, 5 = Choice –, 6 = Choice, 7 = Choice +, and 8 = 

Prime –), and LMA = longissimus muscle area in cm2. 
7USDA yield grade = 2.5 + (2.5 x FT) + (0.2 x KPH) + (0.0038 x HCW) – (0.32 x REA), where FT = 12th rib fat thickness in cm, KPH = 

percentage of kidney, pelvic, and heart fat, HCW = hot carcass weight in kg, and REA = longissimus muscle area in cm2.  
8No. of T alleles; 0 = no T alleles present, 1 = 1 T allele present, and 2 = 2 T alleles present. 
9Composite WBSF = Warner-Bratzler shear force in kg. 

Table 3 

Stepwise regression models to predict composite WBSF with pre-harvest, post 

harvest, and cooking factors 

Pre-harvest factors 

Adj R2 Root MSE P-value Equation 

0.18 0.80 < 0.0001 WBSF6 = 3.032 + (.669 x ZH1) + (.205 x T allele no.2) 

Pre and post harvest factors 

0.31 0.73 0.0036 WBSF = 5.569 – (.029 x marbling score3) + (.663 x ZH) – (.009 x LM 

area) – (.182 x fat thickness) + (.101 x T allele no.) 

Pre and post harvest factors and cooking factors 

0.44 0.66 < 0.0001 WBSF = 3.212 + (9.765 x composite cook loss4) + (.545 x ZH) – (.020 

x marbling score) – (.007 x LM area) + (.076 x T allele no.) – (.014 x 

EBF5) 
1ZH = Zilpaterol hydrochloride presence (1) or absence (0) in feeding ration. 
2No. of T alleles; 0 = no T alleles present, 1 = 1 T allele present, and 2 = 2 T alleles present. 
3Scores: 30 = Slight; 40 = Small; 50 = Modest. 
4Composite cook loss = average cook loss values for 7, 14, and 21, days of aging averaged together for each carcass. 
5EBF, % = 17.76207 + (4.68142 x FT) + (0.01945 x HCW) + (0.81855 x QG) – (0.06754 x LMA), where YG = USDA yield grade, FT = 12th rib 

fat thickness in cm, HCW = hot carcass weight in kg, QG = quality grade (4 = Select, 5 = Choice –, 6 = Choice, 7 = Choice +, and 8 = Prime 

–), and LMA = longissimus muscle area in cm2. 
6Composite WBSF = Warner-Bratzler shear force in kg. 

Table 4 

Simple linear regression to estimate carcass and cooking attributes using 

number of PMCH T alleles 

Parameter Adj R2 Root MSE P-value Equation 

Composite cook loss, %1 0.18 0.035 < 0.0001 Composite cook loss = 0.193 – (.007 x T 

allele no.6) 

EBF, %2 0.06 2.969 < 0.0001 EBF = 30.145 – (1.019 x T allele no.) 

Marbling score3 0.05 8.755 < 0.0001 Marbling score = 45.233 – (2.703 x T allele 

no.) 

Fat thickness, cm 0.04 0.495 < 0.0001 Fat thickness = 1.465 – (.146 x T allele 

no.) 

USDA yield grade4 0.04 0.744 < 0.0001 Yield grade = 2.935 – (.214 x T allele no.) 

HCW, kg 0.02 33.190 < 0.0001 HCW = 410.629 – (7.247 x T allele no.6)  

Color score5 0.01 0.555 0.0009 Color score = 5.487 – (.085 x T allele no.) 

1Composite cook loss = average cook loss values for 7, 14, and 21, days of aging averaged together for each carcass. 
2EBF, % = 17.76207 + (4.68142 x FT) + (0.01945 x HCW) + (0.81855 x QG) – (0.06754 x LMA), where YG = USDA yield grade, FT = 12th rib 

fat thickness in cm, HCW = hot carcass weight in kg, QG = quality grade (4 = Select, 5 = Choice –, 6 = Choice, 7 = Choice +, and 8 = Prime 

–), and LMA = longissimus muscle area in cm2. 
3Scores: 30 = Slight; 40 = Small; 50 = Modest. 
4USDA yield grade = 2.5 + (2.5 x FT) + (0.2 x KPH) + (0.0038 x HCW) – (0.32 x REA), where FT = 12th rib fat thickness in cm, KPH = 

percentage of kidney, pelvic, and heart fat, HCW = hot carcass weight in kg, and REA = longissimus muscle area in cm2.  
5Scale of 1 to 9 with 1 = light pink, and 9 = dark maroon; normal cherry red beef color = 5. 
6No. of T alleles; 0 = no T alleles present, 1 = 1 T allele present, and 2 = 2 T alleles present. 
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• To determine the retail display and microbiological characteristics of 

steaks from dry-aged and wet-aged wholesale cuts when stored for 
extended time periods. 
 

• To evaluate whether wholesale cut origin influences the length of shelf-life 
of wet-aged and dry-aged steaks. 

 

• Aging is a method used to enhance tenderness and flavor of meat. 
 

• Wet-aging is the most common form of aging  in the U.S.; however, 
demand for dry-aged beef is increasing. 
 

• Dry-aging is a low yielding, costly aging method, that produces a specific 
flavor that is well perceived by some consumers. 

 

• Sixty, paired, bone-in strip loins (IMPS 175, U.S. Choice or Select) and 
sixty, paired, boneless top sirloin butts (IMPS 184, U.S. Choice or Select) 
were used. 

 

• One wholesale cut from each pair was dry-aged and the other wet-aged 
for 21, 28, or 35 d.  
 

• Three 2.54 cm steaks were cut from each wholesale cut after its 
designated length of aging. 
 

• Each steak was packaged in a PVC overwrapped tray and stored under 
constant lighting for up to five days to simulate a retail case.  
 

• Four trained panelists evaluated retail steak color and odor throughout 
the five day retail shelf-life period. 
 

• Microbiological data (aerobic plate count, lactic acid bacteria, and yeast 
and mold) were evaluated at the beginning of the aging period, at the end 
of the aging period, and on 0, 3, and 5 d of the retail shelf-life period. 

 
 

• The lowest microbiological counts were observed from steaks cut from 
the 21 d aging period, and from steaks sampled early during the retail 
shelf period. 
 

• Dry-aged steaks exhibited less lactic acid bacteria counts but greater yeast 
and mold counts than wet-aged steaks.  

 

• Dry-aged steaks were more likely to exhibit a greater degree of surface 
lean discoloration when compared to wet-aged steaks. 
 

• Arid, acid, and putrid off-odors were associated with dry-aged steaks, 
whereas wet-aged steaks tended to have sweet and sour off-odors.  
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 Main effects Aerobic plate count Lactic acid bacteria Yeast and mold 
Aging period       
21 d 3.82c 3.15b 1.17b 
28 d 4.50b 3.77a 1.29b 
35 d 4.85a 4.02a 1.56a 

        
Retail steak shelf-life day       
Day 0 3.99c 3.52b 1.10b 
Day 3 4.31b 3.52b 1.30b 
Day 5 4.87a 3.90a 1.61a 

        
USDA Quality Grade       
Choice 4.37a 3.65a 1.28a 
Select 4.41a 3.64a 1.40a 

        
Steak type       
Top loin  4.67a 3.92a 1.42a 
Sirloin 4.11b 3.37b 1.25a 

        
Aging treatment       
Wet-aged 4.48a 4.41a 0.90b 
Dry-aged 4.30a 2.89b 1.78a 

a-c Means within the same column lacking a common letter differ (P < 0.05). 

Table 1.  Least squares means of steak microbiological counts (log CFU/cm2) stratified 
by aging period, retail steak shelf-life day, USDA Quality Grade, steak type, and aging 
treatment. 



• Ten beef steers were harvested. After chilling (24 hrs) the deep 

semimembranosus (DSM, inner ¼ of the muscle), superficial 

semimembranosus (SSM, outer ¼ of the muscle), semitendinosus 

(ST), and adductor (AD) were removed. 

• Either High Oxygen (80%O2/20% CO2) modified atmosphere 

packaging (HiOX) or vacuum packaging (VAC) treatment was 

randomly assigned to each side of the carcass. 

• The DSM, SSM, and ST were divided into 3 equal sections. The 

AD, due to small size, was divided in half. 

• Water injected control (CON) (DSM, SSM, and ST only) 

• Sodium tripolyphosphate (3 mM) control (STP) 

• Calcium lactate (200 mM) injection, 20 minute rest, and 3 

mM phosphate (CAL) (Kim et al., 2008) 

• Storage times for vacuum packaged steaks were 1 (after 

injection), 9, and 16 days. Steaks assigned to HiOX MAP were 

stored for 9 days in a vacuum package, and removed and 

repackaged in HiOX MAP packaging until day16. 

• Both packaging types were displayed from day 9 to 16 under 

natural white light at 1 °C. 

• pH was recorded on days 1 and 16 

• A trained sensory panel was utilized to evaluate sensory 

characteristics using a 15 cm line scale (Lonergan et al., 2007). 

• Star probe analysis was also performed for instrumental 

estimation of tenderness. 

• Protein degradation was determined using Western blotting 

procedures for troponin-T and desmin degradation (Melody et al., 

2004). Titin degradation was determined in the ST (Huff-

Lonergan et al., 1996). 

• Data analysis was performed using the Mixed procedure is SAS. 

• All attributes were analyzed as a 3 way factorial except 

packaging (4 way factorial) with animal as a block. 

High oxygen (HiOX) (80% O2/20% CO2) packaging has been 

shown to increase the toughness of some meat products. It was 

hypothesized that calcium lactate could limit this negative effect of 

HiOX packaging by serving as an activator of proteolysis and an 

antioxidant. Ten beef steers were harvested; at 24 hr postmortem 

the deep semimembranosus (DSM) (inner 1/4 of the muscle), 

superficial semimembranosus (SSM) (outer 1/4 of the 

muscle), semitendinosus, and adductor in the round were removed. 

Each round was randomly assigned to either vacuum (VAC) or 

HiOX packaging. Each muscle was divided into 3 equal sections 

and randomly assigned one of three treatments: water injected 

control (CON), 3 mM sodium tripolyphosphate injected control 

(STP), and 200 mM calcium lactate injection, followed by a 20 

minute rest, and then injection with 3 mM phosphate (CAL). 

Because of its smaller size, the adductor was cut into two sections, 

CAL and STP. Steaks (2.54 cm) were then cut and vacuum 

packaged. After 9 d of storage, steaks assigned to HiOX were 

repackaged according to assigned treatment were displayed for 7 d 

under white light at 1 °C. At the end of storage (1, 9, or 16 d 

storage) star probe measurement of instrumental tenderness, 

sensory tenderness (d 16 storage only), and troponin-T and desmin 

degradation (30 kDa) were determined for each steak. Titin 

degradation was determined in the semitendinosus. At 16 d storage, 

CAL improved (P < 0.05) sensory tenderness in the HiOX DSM 

steaks compared to CON and STP steaks. CAL did not improve 

tenderness of HiOx SSM at 16 d storage. Sensory tenderness was 

increased (P < 0.05) in CAL treated VAC SSM compared to CON. 

At 9 d storage both CAL DSM and SSM had lower (P < 0.05) star 

probe values than CON or STP groups. Star probe at 16 d storage 

was decreased in CAL VAC semitendinosus while all other steaks 

injected with CAL showed no difference in star probe at 16 d 

storage. CAL tended to increase (P = 0.063) troponin-T degradation 

in the DSM at 9 d storage, while no effect of CAL on troponin-T 

degradation was observed in the SSM. No treatment differences 

were observed in titin degradation in the semitendinosus. There was 

a tendency (P = 0.08) for CAL to increase degradation of titin 

compared to STP treated semitendinosus cuts stored 1 d. Desmin 

degradation increased in 9 d CAL DSM steaks while no difference 

was observed in the SSM, semitendinosus, or adductor. Treatment 

with CAL resulted in increased desmin degradation compared to 

STP in steaks from the adductor stored 9 d. Proteolysis and sensory 

data indicated CAL may improve tenderness, particularly in the 

DSM, by increasing proteolysis.  

The use of calcium lactate to improve quality in beef 

round muscles in high-oxygen modified atmosphere 

packaging 

Abstract 

Introduction 

Materials and Methods 

Conclusion 

Results Cont. 

The beef round is one of the most under utilized primal 

cuts on a beef carcass. The addition of value to the beef 

round could provide additional marketing opportunities 

for producers. For marketing opportunities to exist, the 

consumer expects the traditional bright-cherry red color 

associated with beef. By using modified atmosphere 

packaging (MAP) and calcium lactate it could be possible 

to meet consumer expectations using steaks from the 

round. 

 

While MAP increases redness, there are also drawbacks, 

namely a reduction in tenderness. We hypothesized that 

calcium lactate can provide protection from oxidation as 

well as activation of μ-calpain.  

Sensory and biochemical data show the addition of 

calcium lactate with phosphate muscles increases 

tenderness in cuts from the round packaged in HiOx MAP 

packaging.   
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The purpose of this study was to examine the effect of 

calcium lactate on tenderness of beef round muscles 

stored in HiOX packaging. 
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Objective 

DSM 

SSM 

Figure 1: Within the 

semimembranosus, 

the deep portion 

(DSM) has less color 

stability than the 

superficial portion 

(SSM) . 
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Sensory tenderness 
Figure 2: Least squares means for sensory tenderness of beef 

steaks enhanced with various treatmentsA packaged in either a 

high-oxygen modified atmosphere (HiOx-MAP) or vacuum (VAC) 

at the end of display (d 16). Values were determined using a 15 cm 

line scale (0 = not tender, 15 = very tender). 
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deep semimembranosus (DSM), superficial semimembranosus (SSM), semitendinosus (ST), and adductor (AD) 
A Non-injected control (CON); 3 mM sodium tripolyphosphate enhanced (STP); 0.2 M calcium lactate and 3 mM 

sodium tripolyphosphate (CAL). 
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Figure 3: Least squares means for star probe of beef steaks 

enhanced with various treatmentsA, packaged in either a high-

oxygen modified atmosphere (HiOx-MAP) or vacuum (VAC), and 

stored 9 d and displayed for 7 d at 1 °C. 
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Packaging and Treatment effects on pH: 

The CAL/STP treatment increased (P < 0.05) the pH of the 

steaks across all muscles. Steaks in HiOx-MAP had a 

higher (P < 0.05) pH than VAC steaks.  

 

Star Probe and Tenderness: 

DSM steaks enhanced with CAL/STP also had lower (P < 

0.05) star probe values (6.53 ± 0.21) than the non-

enhanced DSM steaks (7.16 ± 0.21). 

The HiOx-MAP system decreased (P < 0.05) tenderness. 

However,  CAL/STP treatment improved sensory 

tenderness values of the AD and the DSM.  

 

Troponin T degradation: 

CAL tended (P = 0.0629) to increase degradation at d 9 of 

storage in the DSM. No effects of the treatment or 

packaging were observed in the SSM, AD, and ST 
 
Desmin degradation: 

Muscle Change CON STP CAL/STP 

DSM -- 0.8870 0.8651 0.7473 

SSM -- 0.7342 0.6066 0.8644 

ST Increase in HiOX 0.2652 0.4904 0.0096 

AD -- -- 0.7833 0.3327 

Table 1: Desmin (35 kDa) degradation P-values.  

Packaging treatment differences (Vacuum vs. MAP) at 

day 16.  

deep semimembranosus (DSM), superficial semimembranosus (SSM), semitendinosus (ST), and adductor (AD) 

Non-injected control (CON); 3 mM sodium tripolyphosphate enhanced (STP); 0.2 M calcium lactate and 3 mM 

sodium tripolyphosphate (CAL). 

Titin degradation: 

  CON STP CAL/STP SEM 

Semitendinosus 

Day 1 T1 0.6931 0.7263* 0.4963* 0.09 

Day 1 T2 0.9974 1.0037 1.1360 0.09 

Day 9 T1 0.3500 0.2524 0.1676 0.09 

Day 9 T2 1.2375 1.1760 1.1336 0.09 
SEM = Standard Error of the Means 

* (P  = 0.0714)    

Non-injected control (CON); 3 mM sodium tripolyphosphate enhanced (STP); 0.2 M calcium lactate and 3 mM 

sodium tripolyphosphate (CAL). 

Table 2: Titin degradation in the ST at Day 1 and 9. T1 

and T2 represent intact and the 2,400 kDa fragment 

respectively.   
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Gluteus Medius Total  
Percent Purge Loss 

Longissimus Lumborum Total 
Percent Purge Loss 

Longissimus Thoracis Total  
Percent Purge Loss 

Treatments1 
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Thaw 
Purge 

Retail 
Purge 

14D 21D BFFT BFST CFFT CFST

0.69b 1.01b 0.98b 

5.30a 

0.72b 
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• Subprimal pricing is a result of seasonal 
fluctuation: 
• High demand for steaks in the summer. 
• High demand for roasts in the winter.  

• Economic gains can be achieved when 
subprimals are purchased at seasonal lows, 
frozen, and thawed when needed. 

The Effects of Freeze and Thaw Rates on Retail Display and 
Purge Loss for Beef Subprimals 

 
J.J. Hosch1, J.E. Hergenreder1, K.A. Varnold1, A.L. Haack1, L.S. Senaratne1,  

S. Pokharel1, C. Beauchamp2, B. Lobaugh3, C.R. Calkins1 

University of Nebraska-Lincoln1,  Colorado Premium2, iQ Foods 3 

INTRODUCTION 

RESULTS 

MATERIALS & METHODS OBJECTIVES 

CONCLUSION SUMMARY 
• Frozen-thawed steaks from all beef subprimals 

had a minimum retail shelf life of 3-days. 
• Fast thaw steaks had greater retail purge loss 

than slow thaw and fresh product. 
• Slow thaw steaks had greater thaw and total 

purge loss than fast thaw and fresh product. 

• Freezing rate had minimal effects on retail 
quality.  

• If thawing rate is managed properly, purge losses 
can be similar to that of fresh-never-frozen 
product. 

2.5 cm steaks cut, 
weighed and 
packaged on 

Styrofoam trays 
with PVC  

overwrap.  

 
 

21 day aged 
Fresh never 
frozen 

Blast frozen 

Conventional 
frozen 

14 day aged 
Fresh never 
frozen 

Fast thaw 
~21 hrs 

Fast thaw 
~21 hrs 

Slow thaw 
14 days 

Slow thaw 
14 days Aged 14d 

prior to 
freezing 

Steaks 
weighed  

to calculate 
purge loss. 

8 day retail  
display @  

2˚ C 

Minolta L* a* and b* values along with discoloration  
scores were collected daily. 

•  Data were analyzed using GLIMMIX procedure (SAS, 2009) when significance (P < 0.05) was indicated by ANOVA.  

21 day aged 

14  day aged Blast frozen,  
fast thaw 

Conventional 
frozen,  
fast thaw 

Conventional 
frozen,  
slow thaw 

Blast frozen,  
slow thaw 

• Evaluate the effects of freezing and thawing 
rates on oxidation and color change during  
retail display. 

• Assess subprimal purge loss during thawing. 
• Assess steak purge loss during retail display. 
• Assess total purge loss. 

Color Change  
• All Longissimus Thoracis & Longissimus 

Lumborum steaks had a 4-day shelf life. 
• All Gluteus Medius steaks had 3 or more-days to 

reach 40% discoloration. 
• In most cases there were no differences among 

the 4 freeze-thaw treatments. 
Purge Loss 
• Slow thaw had greater (2-5%) total purge loss 

than all other treatments (P < 0.0001).  
• Fast thaw subprimals were equal or superior to 

fresh subprimals in storage/thaw purge, likely a 
result of thawing to subfreezing temperatures (P 
< 0.0001). 

Funded in part by the Beef Checkoff & Colorado Premium. 
Contact:  Dr. Chris Calkins, ccalkins1@unl.edu 

a, b, c , d signifies different superscripts , meaning values within the same muscle are different  for thaw, retail , and total purge loss  at (P < 0.05). 
1 14D = fresh-never-frozen and aged for 14 days; 21D = fresh-never-frozen and aged for 21 days; BFFT = Blast frozen, fast thaw; BFST = Blast frozen, slow thaw; CFFT = Conventional frozen, fast thaw; 
CFST = Conventional frozen, slow thaw.   

a, b, c ,  signifies different superscripts , meaning values within the same muscle are different for days-to-40% discoloration at (P < 0.05). 
1 14D = fresh-never-frozen and aged for 14 days; 21D = fresh-never-frozen and aged for 21 days; BFFT = Blast frozen, fast thaw; BFST = Blast frozen, slow thaw;  
CFFT = Conventional frozen, Fast Thaw; CFST = Conventional frozen, slow thaw.  

Treatments1 

 

Gluteus Medius Steaks on 
Day 1 of Retail Display 

TREATMENTS 
Treatment Temperature Time Condition 

Blast frozen -28˚C  - Boxes on spacers, 
high air velocity. 

Conventional 
frozen 

-28˚C  - Boxes on spacers, 
minimal air flow. 

Fast thaw <12˚C 21 hrs Immersed in 
circulating water 
bath. 

Slow thaw 0˚C  14 days Set on tables. 

•  Whole subprimals utilized: 
•  Ribeye roll – Longissimus Thoracis (n=90). 
•  Strip loin – Longissimus Lumborum (n=90). 
•  Sirloin – Gluteus Medius (n=90). 

Least square means for Days-to-40% Discoloration 

Longissimus Thoracis
  

Longissimus Lumborum
  

Gluteus Medius
  

Treatments1 

 
Treatments1 

 
Treatments1 

 



Approximately 50% of ground beef storage life is lost at the accepted storage temperature of 2°C. However, the effect of lean formulation, and its interaction with storage parameters, on the shelf life of traditionally packaged 
ground beef is widely unknown. This research aimed to characterize the effects of storage length and temperature on the shelf life properties of ground beef of three formulations. Coarse ground beef chubs of three lean:fat 
formulations (73:27, 81:19 and 91:9) were divided into two storage temperatures (-1.7°C and 2.3°C) and stored in darkness for 7, 14, 21 or 28 days. At each 7 d interval, one chub per storage temperature and formulation was 
removed from storage, finely ground, portioned, and packaged on expanded polystyrene trays wrapped in polyvinyl chloride (PVC) film. Packages were placed in retail cases maintained at 0-2°C for 24 h. Samples were obtained 
prior to packaging and after 24 h of lighted retail display. Samples were analyzed using a variety of subjective and objective measurements, including: thiobarbituric acid (TBA) analysis, trained panel sensory, instrumental color 
(L*, a*, b*), and non-pathogenic aerobic plate counts (APC). Instrumental L* values increased (P < 0.05) in higher fat formulations; however, no differences in initial or 24 h redness (a*) were noted between lean formulations. 
Trained panelists were unable to detect differences in initial color due to storage length or temperature, but did indicate differences due to lean formulation (P = 0.0083). In accordance with saturation values, panelists 
indicated increased discoloration and reduced color stability as storage length increased (P < 0.05). Panelists indicated that ground beef stored at 2.3°C was more discolored and less stable after 24 h than product stored at -
1.7°C. Aerobic plate counts increased as storage increased from 7 to 28 d and were higher for ground beef stored at 2.3°C (P < 0.05). Initial TBA values increased as the storage period progressed through 21 d. However, a 
decline in initial TBA values after 28 d was noted for all formulations, except 73:27 ground beef stored at 2.3°C.  Overall, these data indicate initial physical and biochemical indicators of color stability and shelf life were 
dependent primarily on lean composition. The effects of storage temperature and length were notable after 24 h of retail display. Overall, ground beef stored for 21 or 28 d prior to display had compromised shelf life, 
regardless of storage temperature.  However, the decline in shelf life upon introduction to retail display was accelerated when a higher storage temperature (2.3°C) was utilized. 

 

1. Brooks et al., 2008. J. of Food Prot. 71:293-301.AMSA. Savoy, IL. 
3. Jeremiah, L. E., and L. L. Gibson. 2001. Food Research Intl. 34:815-826. 
4. Liu et al., 1995. J. Anim. Sci. 73(10):3131-3140. 
5. Mancini, R. A., and M. C. Hunt. 2005. Meat Sci. 71:100-121. 

The shelf life and stability of traditionally packaged ground beef of three lean 
formulations as effected by storage length and storage temperature.  
 
Jennifer N. Martin*, J. C. Brooks, S. P. Jackson, T. A. Brooks, J. D. Starkey, J. F. Legako and M. F. Miller 
 

Texas Tech University, Department of Animal and Food Sciences, Box 42141, Lubbock, TX 79409 
Abstract 

Introduction 

Experimental Methodology 

Results 

Conclusions 

Lactic Acid 

Lactic Acid 

 Traditional overwrap packaging with polyvinyl chloride (PVC) film has been a standard in fresh beef packaging since the mid-1950’s (Cornforth and Hunt, 2008). Overwrap packaging 
provided a container while also meeting the consumer desired cherry-red color through the development of oxymyoglobin (Mancini and Hunt, 2005). However, numerous works have 
investigated the loss of shelf-life and stability in PVC packaged ground beef (Brooks et al., 2008; Jeremiah and Gibson, 2001). Any deviation from the accepted cherry-red lean color results in 
severe retail discrimination (Liu et al., 1995). Consequently, consumers want packages in the retail case which promote a cherry-red color .  
 Storage temperature has been indicated to affect deterioration due to its effects on enzymatic and microbial rates. While frozen temperatures have been found to deter quality decline, 
variation in cold storage temperatures has not been thoroughly investigated. Furthermore, information regarding the effects on storage temperature in length in ground beef typically seen in 
retail is lacking. 
 Therefore, this study investigated the effects of ground beef composition, storage length and storage temperature on the shelf life and stability of traditionally packaged ground beef. 

 

Ground beef chubs of three lean:fat formulations (91:9, 81:19 and 73:27) randomly assigned to storage at -1.7 or 2.3 °C (n = 4 chubs per lean level/storage temperature).  
• Chubs were stored in darkness at their respective temperature for 7, 14, 21 or 28 days.  
• Each week, one chub per lean level was removed from storage, finely ground, and portioned into “fluff” packages  (0.45 kg) overwrapped with polyvinyl chloride (PVC) 

film.  Packages were displayed for 24 h in coffin-style retail cases maintained at 0-2 °C .  
The following analyses were performed initially (0 h) and after 24 h of retail display: 
• Compositional Analysis (protein, fat, moisture, and collagen), pH, TBARS, instrumental color (L*, a*, b*, and saturation), and aerobic bacteria counts 
• Initial color (via verbally anchored scales ; 1 = very dark red and 8 = very light red) 
• Color Stability (via verbally anchored scales; 1 = very bright red or very light red and 5 = very dark red, brown, or tan) 
• Discoloration (via verbally anchored scales; 1 = no discoloration and 7 = total discoloration) 

The experimental design was a split-split-plot design imposed on a randomized complete block design which was replicated three times. Ground beef served as blocks to 
which storage temperature was applied. Data was analyzed using the MIXED model procedure of SAS with a model including: storage temperature, storage length, lean level, 
and any possible interactions.  Least squares means were separated using the PDIFF option of SAS and considered significant at P < 0.05.  

References 
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A lack of research regarding the shelf –life properties of various ground beef formulations results in the potential for mismanagement in the retail case. These data indicate formulation can influence the onset of spoilage. 
Furthermore, this study complies with previous investigations of whole muscle beef cuts which suggest increasing discoloration and reduced desirability with prolonged storage (Jeremiah & Gibson, 2001). Additionally, these 
results suggest temperature impacts the shelf life properties of traditionally packaged ground beef through accelerated microorganisms proliferation and lipid oxidation. The synergistic effects of these factors on meat color 
through the oxidation of myoglobin and the production of undesirable metabolites resulted in discernible differences in meat color and shelf life, as indicated by instrumental and trained panelist evaluations.  

Initial (0 h) 

•  Lean formulation effected consumer evaluations of initial color (P < 0.05). 
•  Higher fat formulations were lighter (lower L* values and higher initial color scores), while higher lean ground beef was more red (higher a* values; P < 0.05).  
•  The effects of storage temperature were noted after 14 d of storage. Ground beef stored at -1.7°C was more vivid (higher saturation values; P < 0.05) than product stored at 2.3 °C  
•  Initial APCs increased as storage progressed and microbial proliferation was accelerated in product stored at 2.3 °C ( P < 0.05).  
• Analysis of lipid oxidation by-products revealed increased oxidation as storage length increased (P < 0.05); however, relationships between lean levels varied.  

24 hours 

• Saturation index values declined after 24 h of lighted retail display (P < 0.05). 
• Discoloration scores increased and color stability decreased as the length of storage increased (P < 0.05) for all lean levels; however, 73:27 was more discolored after 21 and 28 d of storage. 
• Storage temperature had no effect on discoloration scores after 7 or 14 d of storage (P > 0.05); however, after 21 d, ground beef stored at 2.3 °C  was more discolored (P < 0.05) than ground 

beef stored at -1.7 °C .  
• A storage temperature x storage length x lean formulation interaction was noted for APCs after 24 h of display (P  < 0.05). Aerobic counts increased with storage and were higher in product 

stored at 2.3 °C  (P  < 0.05).  
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High oxygen modified atmosphere packages (80% O2 and 

20% CO2; HiOx-MAP) are widely used in fresh beef retail 

markets to retain cherry-red color of meat.

HiOx-MAP decreases tenderness of beef during retail 

display.

Dietary antioxidant supplementation (ethoxyquin and 

tertiary butyl hydroquinone; AGRADO®PLUS; AG) helps to 

minimize oxidation of color and lipids of beef.

Dietary AG may help to minimize the decline in tenderness 

due to HiOx-MAP. 

INTRODUCTION OBJECTIVES CONCLUSIONS

METHODOLOGY

 Diets: 

Wet distillers grains plus solubles (WDGS (0/30% DM)

AGRADO®PLUS (AG; Ethoxyquin & tertiary butyl hydroquinone; 

0 or 150 ppm/steer/d for last 145–160 d)

Tenderness (WBSF Values)

Protein Oxidation (Free Thiols)

(Treatment × Aging × d, P <.0001)

Protein Oxidation (ΔCarbonyls
1
)

Dietary Antioxidants have Little Effect on the Tenderness Decline and Protein 

Oxidation that Occur During Retail Display of Beef in High Oxygen Modified 

Atmospheric Packages
L. S. Senaratne1, C. R. Calkins1, A. S. de Mello, Jr1, S. Pokharel1, M. A. Andersen3, S. A. Furman2, K. A. Varnold1, 

J. E. Hergenrader1, J. B. Hinkle1 and A. L. Haack1

1Department of Animal Science, 2Panhandle Research & Extension Centre, University of Nebraska-Lincoln, NE and 3Novus International, Inc., St. Louis, MO

RESULTS

ccalkins@unlnotes.unl.edu

Diets

0% WDG 
(Corn)

With AG No AG

30% WDG

With AG No AG

 Muscles: 80 strip loins (m. longissimus lumborum) from cross-bred (British × Continental) yearling 

steers (20 per dietary treatment).

 Aging: 8 or 29 d at 2 - 4°C

 Retail display: 0 - 7 d at 0 ± 2°C under 1000-1800 lux fluorescence light.

 Packaging system:

Overwrapped with oxygen permeable film (PVC-OW)

High-oxygen modified atmospheric packaging (HiOx-MAP; 80%O2 & 20%CO2 ) 

 Laboratory Analysis:

Instrumental tenderness - Warner-Bratzler Shear Force (WBSF) Test 

Protein Oxidation – nmoles of Carbonyls and Free Thiols (sulfhydryls) / mg of Myofibrillar Protein  

 Statistical Analysis:

ANOVA using Proc GLIMMIX in SAS as a split-split-split plot design 

Diets - Whole-plot treatment

Aging period - First split-plot treatment

Packaging system – Second split treatment

Retail display time (repeated measures) - Third split-plot treatment

Mean separation by LSMEANS and PDIFF LINES at P < 0.05.

Aging 

(d)
d

Dietary Treatments Contrast P values

Corn

+ AG

30% WDGS

+ AG
Corn

30% 

WDGS

Corn

vs

Corn +AG

WDGS

vs

WDGS + AG

No AG

vs

AG

Corn

vs

WDGS

8

0 2.04Bb 1.82Bb 1.71Bb 2.44A 0.05 0.0002 0.23 0.01

4 2.08b 2.33a 2.10a 2.36 0.89 0.88 0.83 0.03

7 2.46Aa 2.30ABa 1.99Bb 2.22AB 0.005 0.63 0.01 0.80

29

0 2.16Ac 1.68Bc 1.71Bc 1.98ABc 0.0003 0.09 0.44 0.17

4 2.50Ab 2.31ABb 2.09Bb 2.63Ab 0.007 0.04 0.63 0.10

7 2.98Aa 2.81BCa 2.55Ca 3.28Aa 0.06 0.03 0.80 0.06

Aging

(d)
d

Dietary Treatments Contrast P values

Corn 

+ AG

30% 

WDGS

+ AG

Corn
30% 

WDGS

Corn

vs

Corn +AG

WDGS

vs

WDGS + AG

No AG

vs

AG

Corn

vs

WDGS

8

0 73.52Bab 84.30Aa 80.63Aa 69.57Bab 0.005 <0.0001 0.043 0.996

4 75.22Aa 71.94ABb 68.81Bb 73.30Aa 0.005 0.511 0.109 0.673

7 70.44b 66.93c 70.80b 67.47b 0.843 0.785 0.739 0.058

29

0 80.41Aa 78.05ABa 74.63Ba 74.69Ba 0.004 0.130 0.002 0.449

4 70.15b 66.48b 69.92b 66.52b 0.991 0.940 0.965 0.010

7 64.69c 66.31b 66.48b 65.50b 0.296 0.572 0.722 0.909

Protein Oxidation (Carbonyls)

(Treatment × Aging × d, P = 0.0044)

Protein Oxidation (ΔFree Thiols
1
) 

A-C Comparison within rows among treatments, means lacking a common superscript were significantly different at P < 0.05.
a-c Comparison along columns within same  treatment, means lacking a common superscript were significantly different at P < 0.05.

A - B, x - y, or p-q Comparison within each category, means lacking a common superscript were significantly different at P < 0.05.

A-B Means along rows among treatments with different superscripts are significantly different at P < 0.05.
a-c Means along columns within treatments with different superscripts are significantly different at P < 0.05. 

b

a

b

a

0

0.2

0.4

0.6

0.8

1

1.2

8 d 29 d PVC-OW HiOx-MAP

Aging Packaging

Δ
n

m
o

le
s
 o

f 
c
rb

o
n

y
ls

/ 
m

g
 

p
ro

te
in

s

4 d

7 d

x     y

(Aging × d, P = 0.0002) (Packaging, P = 0.06)
A

B-10

-8

-6

-4

-2

0

PVC-OW HiOx-MAP 4 d 7 d 

Packaging Retail Display

Δ
o

f 
F

re
e
 T

h
io

ls
(n

m
o

le
s
/m

g
 p

ro
te

in
)

(Packaging, P = 0.09) (Day, P = 0.0002)

 Steaks from corn plus AG-fed cattle had higher WBSF values than steaks from cattle 

fed other diets.

 During retail display, steaks in PVC-OW improved in tenderness while those in HiOx-

MAP decreased in tenderness.

 Steaks aged 29 d were more tender than 8 d aged steaks at the beginning and the 

end of retail display. 

 Eight and 29 d aged steaks from corn plus AG diets had more carbonyls (more protein oxidation) 

compared to steaks from non-AG supplemented corn diets.

 Carbonyls of all 29 d aged steaks increased during retail 

display and also, steaks in HiOx-MAP.

 Free thiol contents decreased during aging.

 Before retail display (0 d), steaks from AG-fed cattle had higher free thiols (less protein 

oxidation) than steak from non-AG-fed cattle.

Steaks in HiOx-MAP tended to have fewer free 

thiols (more protein oxidation) compared to 

steaks in PVC-OW during retail display.

During retail display free thiols decreased 

rapidly. 

Funded, in part, by Novus International, Inc.

 To investigate the mechanism of declining beef 

tenderness (at different oxidation levels) due to HiOx-

MAP (80% O2: 20% CO2) systems.

 To study the effects of dietary antioxidant (AG) 

supplementation as a control measure for the problem. 

ccalkins1@unl.edu

1Change in free thiols (4/7 d – 0 d) 

1Change in carbonyls (7 d – 0 d) 

Steaks aged longer and packaged in high oxygen modified 

atmosphere packages decrease in tenderness and 

increase in protein oxidation during retail display.

Feeding AGRADO®PLUS tends to decrease tenderness 

and increased protein oxidation during retail display. 
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Experiment 2- Cured pork
•pH, fresh pork, 5.62 (5.47 - 5.91, std. dev. 0.192) 
•% cooking loss, not different (p>0.05; std. error, 0.709) between 

pork loins formulated with 50 ppm (10.5%) and 150 ppm
(11.0%)

•CIE a*, Chroma C* or nitrosylhemochrome, no differences 
(p>0.05) between display lights

•Nitrosylhemochrome, no differences (p>0.05), between 50 and 
150 ppm sodium nitrite 

•CIE a* for 50 ppm, 6.71 in comparison to 7.13 for 150 ppm (std. 
error, 0.169) 

•Chroma C* for 50 ppm, 7.33 in comparison to 7.75 for 150 ppm
(std error, 0.175)

•Dependent variable measurements of color indicate that color 
deteriorated over display time.

• With increasing time, CIE a*, Chroma C* and 
nitrosylhemochrome generally decreased. CIE a* values 
decreased 12% and 27% for day 0-1 and 0-3, respectively.  

•No interactions (p>0.05) between any of the dependent variables 
•Oxygen (1%) added to produce a lower quality package may

have been the controlling factor to color instability versus 
photooxidation. 

Experiment 1: Effect of LED lighting on color stability of air-
bloomed and modified atmosphere packaged (MAP, 100% 
oxygen) oxygenated frozen beef steaks.
•Fresh Black Angus (USDA Select, n=4, 21 d PM) strip loins, cut

into steaks (3.8-cm thick).
•Steaks assigned to one of four bloom conditions (Air, 100%

Oxygen) and lighting displays (fluorescent; light emitting
diode, LED; 1076 lux).

•Bloomed (24 h, 2C), then vacuumed packaged and frozen 
(-15C, dark, 6 d) before being continuously displayed (-11C). 

•Color stability was assessed instrumentally at 12 h intervals. 
•Experimental unit: strip loin (diff animal, N=4).

Experiment 2: Effect of LED lighting on color stability of cured 
pork.
•Vacuum packaged pork loins (n=4, 2C, 19 d PM) .
•Loins cut in half and then hand injected: 1% NaCl and sodium

nitrite (50 or 150 ppm) .
•Tumbled (18 RPM, 2 h, 2C), cured overnight.
•Stuffed (fibrous casings) and then smokehouse processed (71C

internal).
•Cut into chops (2.5 cm thick) and vacuum packaged .
•Inflated with 1% oxygen and displayed (2C).
•Color measurements: immediately after packaging and at 4, 8

and 12 h on day 1  After day 1, measurements were taken in
12 h increments.

•Experimental unit: individual loin.

Display Set-Up and Packaging
•Half of the frozen beef steaks wrapped with oxygen permeable

polyvinyl chloride (PVC) film to air-bloom.
•Second half vacuum packaged in plastic pouches (2 mil) and

inflated with 100% oxygen.
•After bloom, all steaks vacuum packaged in barrier pouches (4

mil STD). Displayed (-11C), open-topped display case.
•Cured pork chops- vacuum packaged (2 mil) and inflated with

1% oxygen MAP. Displayed, walk-in cooler (2-4C).

Color Measurements
•Measured CIE L* a* b* values with colorimeter.
•Calibrated to white plate (L=97.06, a*=0.14, b*=1.93)

overwrapped with corresponding packaging film.
•Calculated Chroma C* =(a*2 + b*2)1/2

Visible Wavelength Reflectance Analysis
•Measured reflectance with UV-Vis Scanning spectrophotometer

with an attached multipurpose large sample compartment.
•Calibrated to white plate (L=97.06, a*=0.14, b*=1.93)

overwrapped with corresponding packaging film.
•Ratio %630nm/%580nm = frozen beef steak color change.
•Ratio %R572nm/%R525nm = frozen beef steak metmyoglobin

accumulation (MetMb).
•Ratio %650nm/%R570nm = cured pork loin

nitrosylhemochrome accumulation.

Statistical Analysis
•Proc Mixed of SAS: main and interaction effects.
•p < 0.05, significant.
•Means separated: PDIFF of SAS.

• Light induces photooxidation of myoglobin, catalyzing the formation
of metmyoglobin in uncured products (Renerre and Labadie, 1993)
and hemichrome (oxidized nitrosyl hemochrome, denatured
metmyoglobin) in cured products (Aberle et al., 2001). 

• Meat pigments are very sensitive to UV radiation by fluorescent
lighting. 

• Recently, Light Emitting Diode (LED) products have gained
popularity due to their reduced energy consumption (Tassou et al.,
2010). 

• Manufacturers (General Electric Company, 2010) of LED products
indicate such lighting lacks UV emission, which would suggest LED
lighting has the potential to extend the display life of frozen fresh
meat and cured meat products.  

• This would allow showcasing frozen beef and cured meat products
for a longer period of time without the consequence of rapid 
photooxidation. 

Light Emitting Diode effects on Color Stability of 
Frozen Beef and Refrigerated Cured Pork

M.J. O’Halleran and J.R. Claus
Meat Science and Muscle Biology Laboratory, University of Wisconsin‐Madison, 1805 

Linden Drive, Madison, Wisconsin

• Establish the effects of meat exposure to LED lighting 
compared to traditional fluorescent display lighting on color 
stability of air-bloomed and modified atmosphere packaged 
(MAP, 100% O2) oxygenated fresh frozen beef steaks.

•Establish the effects of air-bloomed and modified 
atmosphere packaged (MAP, 1% O2) cured pork color 
stability under LED lighting compared to traditional 
fluorescent lighting.

Experiment 1- Frozen beef
•pH, fresh beef, 5.55 (5.42 - 5.58, std. dev., 0.083). Typical of 
normal beef (Aberle et al. 2001)
•Color stability improved in oxygen-bloomed frozen beef displayed 

under LED in contrast to air-bloomed
•No difference between colorimeter measurements or 

R%630nm/R%580nm on air-bloomed steaks of either lighting
•Oxygen-bloomed under LED had higher colorimeter and

R%630nm/R%580nm values compared to oxygen-bloomed 
steaks under fluorescent

•Air-bloomed and oxygen-bloomed steaks under LED, less MetMb
accumulation compared to fluorescent

•Overall, oxygen-bloomed steaks had higher CIE a*, chroma C*, 
R%630nm/%580nm and less MetMb accumulation than air-
bloomed

•CIE a* values decreased 21%, 31%, and 63% for day 0-1, 1-3, and 
0-6, respectively.  

•Chroma C* decreased 19%, 25%, and 56% for day 0-1, 1-3, and 0-
6, respectively.  

•R630/580 values decreased 25%, 39%, and 72% for day 0-1, 1-3 
and 0-6, respectively.  

•Interactions found: CIE a* (prebloom condition x day, p<0.0001; light x day, 
p<0.03), chroma c* (prebloom condition x day, p<0.0001), R630/R580 
(prebloom condition x light, p<0.001; prebloom condition x day, p<0.0001; 
prebloom condition x light x day, p<0.02), MetMb (prebloom condition x day, 
p<0001; light x day, p<0.01).

Authors would like to thank the University of Wisconsin Cargill-Benevenga Scholarship program 
for providing support for this research effort. 
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a-fDay means within a dependent variable with unlike superscript letters are different (p<0.05). Standard errors: CIE a* (0.568), chroma C* (0.611),  R630/R580 (0.162), Metmyoglobin (0.026). 
x-zMeans within a dependent variable with unlike superscript letters are different (p<0.05). Standard error overall mean: CIE a* ( 0.429), chroma c* (0.462), R630/R580 (0.123), metmyoglobin (0.020).  Significant interactions were found in: CIE a* (prebloom condition x day, p<0.0001; light x day, p<0.03), chroma c* (prebloom condition x day, p<0.0001), 
R630/R580 (prebloom condition x light, p<0.001; prebloom condition x day, p<0.0001; prebloom condition x light x day, p<0.02), metmyoglobin (prebloom condition x day, p<0001; light x day, p<0.01). 
1Color stability: dependent variables included CIE a* (lower value, less red), chroma c* (lower value less intense color),  R630/R580  (% reflectance at 630 nm divided by % reflectance at 580 nm, red to brown indicator, lower value less red), and metmyoglobin (reflectance estimator, % reflectance at 572 nm divided by % reflectance at 525 nm, higher value 
more metmyoglobin) 

a-dMeans with in a dependent variable with unlike superscript letters are different (p<0.05). Standard errors: CIE a*,  0.357), chroma C* (0.371), nitrosylhemochrome (0.035).
xyMeans within a dependent variable with unlike superscript letters are different (p<0.05). Standard errors: CIE a* (0.238), chroma C* (0.247), nitrosylhemochrome (0.232). 
1Color stability: dependent variables included CIE a* (lower value, less red), chroma c* (lower value less intense color),  nitrosylhemochrome (% reflectance at 650 nm divided by % reflectance at 570 nm, lower ratio less cured pigment).
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Objectives

Results and Discussion

Fig. 1.  Frozen beef display  
(Left, fluorescent; Right LED)

Fig. 2.  Cured pork 
(Left, non-faded; Right, faded)

Table 1
Least square means for color stability1 of prebloomed (air or pure oxygen), vacuum packaged USDA Select strip loin beef steaks continuously displayed frozen under two different lighting systems 
(fluorescent, light emitting diodes; 1076 lux).

Table 2
Least Square Means of color stability1 of cured pork loin slices vacuum packaged in low oxygen and continuously displayed under two different lighting systems (fluorescent, light emitting diodes; 
1076 lux).

•LED lighting does not appear to offer retailers any increase in color stability as frozen beef 
color rapidly deteriorated similar to beef under fluorescent lighting.  

•In low-oxygen compromised or poorly packaged cured pork, LED lighting did not 
demonstrate any color stability benefits.

Conclusion

References Acknowledgements

CIE a* Chroma C*
Day Air Oxygen Day 

Mean
Air Oxygen Day 

MeanFluorescent LED Fluorescent LED Fluorescent LED Fluorescent LED
0 23.33 22.57 24.52 23.37 23.45a 26.45 25.58 27.83 26.51 26.59a

1 13.69 16.53 21.97 22.45 18.66b 16.53 19.03 25.02 25.57 21.54b

2 9.74 11.55 18.51 21.81 15.40c 13.23 14.54 21.44 24.81 18.50c

3 9.34 10.17 13.86 18.26 12.91d 12.95 13.68 17.00 21.27 16.22d

4 8.79 8.07 11.25 13.20 10.33e 12.00 11.22 14.37 16.51 13.53e

5 8.80 8.42 10.37 11.38 9.74ef 11.85 11.59 13.49 14.82 12.94ef

6 7.94 8.05 9.07 9.58 8.66f 10.78 11.32 12.11 13.11 11.83f

Mean 11.66z 12.19z 15.65y 17.15x 14.83x 15.28x 18.75y 20.37x

R630/R580 Metmyoglobin

Day
Air Oxygen Day 

Mean
Air Oxygen Day 

MeanFluorescent LED Fluorescent LED Fluorescent LED Fluorescent LED
0 4.71 4.57 4.85 5.01 4.78a 0.79 0.80 0.79 0.79 0.79e

1 1.95 2.70 4.93 4.77 3.59b 1.03 0.92 0.80 0.80 0.89d

2 1.29 1.78 2.98 3.91 2.49c 1.21 1.07 0.98 0.86 1.033c

3 1.22 1.40 2.08 4.00 2.18c 1.26 1.16 1.14 0.85 1.10b

4 1.22 1.24 1.39 1.92 1.44d 1.21 1.19 1.19 1.11 1.18a

5 1.23 1.21 1.31 1.67 1.35d 1.18 1.19 1.20 1.14 1.18a

6 1.28 1.23 1.32 1.53 1.34d 1.19 1.18 1.19 1.17 1.18a

Mean 1.84z 2.02z 2.69y 3.26x 1.12x 1.07x 1.04y 0.96z

CIE a* Chroma C* Nitrosylhemochrome

Time (hr)
50 ppm NO2 150 ppm NO2 Time 

mean
50 ppm NO2 150 ppm NO2 Time 

mean
50 ppm NO2 150 ppm NO2 Time 

meanFluorescent LED Fluorescent LED Fluorescent LED Fluorescent LED Fluorescent LED Fluorescent LED

0 8.11 7.88 8.25 8.12 8.10a 8.33 8.04 8.66 8.48 8.38a 1.76 1.74 1.77 1.75 1.75a

4 7.18 7.13 7.36 7.64 7.33b 7.76 7.51 7.87 8.23 7.84ab 1.67 1.65 1.60 1.60 1.63bc

8 7.20 6.99 7.42 7.33 7.23b 7.68 7.30 7.87 7.80 7.66abc 1.65 1.66 1.66 1.66 1.66b

12 7.10 7.18 7.58 7.50 7.34b 7.69 7.54 8.05 7.95 7.80ab 1.64 1.64 1.65 1.64 1.64bc

24 7.05 6.83 7.29 7.27 7.11b 7.76 7.29 7.83 7.78 7.67abc 1.66 1.66 1.63 1.66 1.65b

36 6.99 6.51 7.15 6.96 6.83bc 7.57 7.11 7.79 7.57 7.51bcd 1.60 1.63 1.58 1.62 1.61bcd

48 5.92 5.83 6.58 6.47 6.20cd 6.88 6.49 7.33 7.33 7.01cd 1.57 1.64 1.58 1.65 1.61bcd

60 6.20 5.70 6.68 6.32 6.22cd 7.16 6.51 7.46 7.15 7.07cd 1.59 1.59 1.55 1.58 1.58cd

72 6.00 5.33 6.28 6.07 5.92d 7.06 6.19 7.29 7.09 6.91d 1.56 1.58 1.51 1.56 1.55d

Mean 6.83xy 6.60y 7.18x 7.07x 7.54xy 7.11y 7.79x 7.71x 1.63x 1.64x 1.61x 1.64x



•  One	  hundred	  and	  twenty	  market	  hogs	  where	  slaughtered	  
at	  approximate	  weight	  of	  123.0	  kg	  and	  then	  chilled	  
overnight	  

	  
•  Carcass	  data	  were	  collected	  including	  

•  Hot	  carcass	  weight	  
•  Cold	  carcass	  weight	  
•  First	  rib	  fat	  thickness	  
•  Last	  rib	  fat	  thickness	  
•  Last	  lumbar	  fat	  thickness	  
•  Average	  back	  fat	  thickness	  
•  Tenth	  rib	  fat	  thickness	  
•  Loin	  eye	  area	  
	  

•  Meat	  quality	  was	  determined	  by:	  
•  Japanese	  color	  score	  (L*,	  a*,	  and	  b*)	  
•  pH	  
•  Drip	  loss	  
•  Warner-‐Bratzler	  shear	  force	  
•  Cooking	  Loss	  

•  DNA	  was	  isolated	  from	  muscle	  and	  genotyping	  of	  the	  
PRKAG3-‐I199V	  polymorphisms	  was	  performed	  using	  PCR-‐
RFLP.	  

•  AssociaZon	  between	  the	  genotypes	  of	  PRKAG3-‐I99V	  and	  
meat	  and	  carcass	  quality	  were	  evaluated	  by	  a	  mixed	  model	  
procedure.	  

•  Using	  PRKAG3	  genotype	  and	  treatment	  as	  fixed	  
•  Pen	  as	  random	  effect	  

Poor	  meat	  quality	  causes	  great	  financial	  lose	  to	  the	  meat	  
industry	  annually.	  For	  years	  producers	  have	  been	  selected	  pigs	  	  
for	  increased	  lean	  muscle	  growth,	  this	  selecZon	  criteria	  has	  
lead	  to	  changes	  in	  the	  amount	  and	  rate	  at	  which	  glycogen	  is	  
metabolized	  by	  the	  animal.	  Meat	  scienZsts	  have	  been	  
targeZng	  the	  AMP-‐acZvated	  protein	  kinase	  (AMPK)	  found	  in	  
skeletal	  muscle,	  to	  determine	  affects	  on	  meat	  quality.	  	  AMPK	  
has	  a	  key	  regulatory	  role	  in	  skeletal	  muscle	  growth,	  fat	  
deposiZon	  and	  meat	  quality.	  AMPK	  is	  a	  complex	  structure	  
consisZng	  of	  a	  catalyZc	  (α)	  subunit	  and	  two	  regulatory	  (β	  and	  
γ)	  subunit.	  	  Normally	  AMPK	  works	  as	  a	  regulaZng	  enzyme	  that	  
mediates	  glucose	  uptake.	  	  Changes	  in	  this	  regulaZon	  of	  
glucose	  uptake	  can	  result	  in	  PSE	  condiZons.	  	  Another	  condiZon	  
that	  has	  an	  impact	  on	  glucose	  metabolism	  and	  in	  turn	  meat	  
quality	  is	  the	  napole	  gene.	  The	  napole	  gene	  is	  the	  result	  from	  a	  
non-‐conservaZve	  subsZtuZon	  in	  the	  gene	  PRKAG3	  which	  
encodes	  for	  the	  γ-‐subunit	  of	  AMPK	  can	  lead	  to	  AMPK	  
constantly	  acZve.	  	  The	  constant	  acZvity	  of	  AMPK	  will	  
enhanced	  muscle	  growth,	  reduced	  fat	  deposiZon,	  and	  
impaired	  meat	  quality.	  	  

IntroducZon	  

Materials	  and	  Methods	  

Conclusions	  	  

Results	  

EvaluaZon	  of	  the	  Influence	  of	  GeneZc	  Markers	  on	  
Meat	  Quality	  

•  Hot	  Carcass	  Weight	  and	  Cold	  carcass	  weight	  were	  found	  to	  be	  greater	  in	  the	  genotype	  VV	  
(p<0.05)	  as	  compared	  to	  the	  other	  genotypes	  (IV	  and	  II)	  for	  these	  traits.	  

•  Drip	  loss	  and	  Warner-‐Bratzler	  shear	  force	  were	  found	  to	  be	  greater	  in	  the	  genotype	  VV	  
(p<0.05)	  as	  compared	  to	  the	  other	  genotypes	  IV	  and	  II	  for	  these	  traits.	  	  

•  Color,	  Fat	  thickness	  and	  Marbling	  score	  found	  to	  be	  unaffected	  across	  the	  three	  genotypes	  
for	  PRKAG3-‐I199V.	  	  

Table	  1:Least	  square	  means	  and	  standard	  errors	  for	  the	  staZsZcal	  associaZon	  between	  
PRKAG3-‐I199V	  genotypes	  and	  phenotypic	  traits	  for	  meat	  qualitya	  	  

 

Traits  Genotypes§ Standard Error 

 IIb IVc VVd  
Carcass Characteristics      
Hot Carcass Weight, kg 92.57i 93.16i 95.28h 0.35 
Cold Carcass Weight, kg 91.83i 92.57i 94.60h 0.36 
First Rib Fat Thickness, cm 1.57 1.69 1.67 0.02 
Last Rib Fat Thickness, cm 1.03 1.04 1.03 0.19 
Last Lumbar Fat Thickness, cm 0.85 0.90 0.94 0.02 
Average Back Fat Thickness, cm 1.13 1.21 1.22 0.02 
Tenth Rib Fat Thickness, cm 0.94 1.01 1.00 0.02 
Loin Eye Area , cm2 7.10 7.10 7.16 0.07 
Subjective Carcass Evaluation      
Japanese color scoree 3.54 3.64 3.46 0.07 
Marbling scoref 3.03 2.94 2.48 0.11 
Loin firmness scoreg 2.00 1.88 1.81 0.05 

Minolta Color Score     
L * (Lightness) 49.91 51.10 52.24 0.24 
a * (Redness)   9.37 8.95 9.13 0.12 
b * (Yellowness) 6.77 6.88 7.19 0.10 
Meat Quality Characteristics      
pH  5.84 5.83 5.77 0.02 
Drip Loss Difference, g 2.58hi 2.67i 3.32h 0.13 
Drop Loss % 0.03hi 0.28i 0.03h 0.001 
Warner-Bratzler Shear force, kg 2.47hi 2.48i 2.74h 0.04 
Cooking Loss, g 18.35 15.09 16.81 0.52 

a LSmeans results for looking at each trait with treatment, genotypes as fixed effect and pen as a random effect.    
§ Genotypes that result from single amino acid substitution for PRKAG3-I199V for the !3-regulatory subunit of  
  (AMP)-activated protein kinase (AMPK). 
b Genotype of 11 for PRKAG3-I199V gene with n = 13  
c Genotype of 12 for PRKAG3-I199V gene with n = 49  
d Genotype of 22 for PRKAG3-I199V gene with n = 58  
e Japanese color score scale: 1 = Light-colored pork, to 6 = dark colored pork. 
f Visual marbling scale: 1 = 1% intramuscular lipid, to 10 = 10% intramuscular lipid (NPB, 2000). 
g Visual firmness scale:  1 = soft, to 3 = firm (NPB, 2000).   
h-i  Levels not connected by the same letter are significantly different  (p < 0.05) 

M.	  S.	  McGraw1	  and	  S.	  J.	  Jones1	  	  
1Department	  of	  Animal	  Science,	  University	  of	  Nebraska-‐Lincoln	  

•  Further	  tesZng	  would	  be	  needed	  with	  a	  larger	  hog	  sample	  populaZon	  (3,000	  or	  more)	  to	  
beger	  determine	  the	  effects	  on	  meat	  quality	  from	  this	  geneZc	  marker.	  

•  AMPK	  has	  a	  complex	  role	  in	  energy	  metabolism	  regulaZon	  and	  how	  effects	  muscle	  growth	  
and	  fat	  deposiZon	  is	  poorly	  understood.	  	  Further	  research	  needs	  to	  provide	  a	  more	  concise	  
understanding	  of	  its	  role	  and	  mode	  of	  acZon.	  	  	  	  

•  The	  knowledge	  gained	  from	  researching	  geneZc	  markers	  and	  how	  they	  play	  an	  important	  
impact	  to	  the	  meat	  industry	  can	  be	  very	  resourceful	  in	  providing	  a	  the	  missing	  step	  from	  the	  
equaZon	  and	  can	  lead	  to	  lowering	  the	  great	  financial	  loss	  the	  industry	  experiences	  from	  
poor	  product	  quality	  .	  

ObjecZve	  
Evaluate	  effects	  on	  meat	  quality	  of	  the	  three	  genotypes	  
resulZng	  from	  a	  single	  amino	  acid	  subsZtuZon	  at	  the	  PRKAG3-‐
I199V	  gene.	  	  	  

Summary	  



 
 

Animals and Diets  
• 48 crossbred steers and heifers were fed using a 

Calan gate feeding system  

 

• Cattle were assigned randomly to one of four 

treatment groups 

 

• 2 x 2 factorial design 

 

 

 

 

 

 

• Cattle were humanely harvested at a 

commercial abattoir in two groups 

 

• Strip loins and shoulder clods were removed 

from the right side of each carcass 48 hrs post 

mortem 

 

Fabrication 
• Five 2.54-cm steaks were cut serially from the 

anterior end of each loin 

 

• Shoulder clods were ground twice individually 

 

Objective and Subjective Color 
• Two strip steaks and 0.5 kg of ground beef were 

overwrapped separately and stored at 4ºC under 

cool white fluorescent lighting for seven days 

 

• Objective color values (L*, a*, b*) were taken 

at six locations on each package daily 

 

• Subjective color scores (lean color, surface 

discoloration, and overall appearance) were 

evaluated daily by eight trained panelists 

 

Consumer Sensory Panel 
• Three steaks from each treatment were cooked 

to an internal temperature of 71ºC  

 

• Cut into 1-cm x 1-cm x 2.54-cm cubes and 

served warm to an untrained consumer panel 

 

• Evaluated two steak cubes per treatment for 

overall liking, flavor liking, texture liking, 

toughness, juiciness, and off flavor 

Treatments 

CON MDGS GLY MDGS/GLY 

MDGS (35%) N Y N Y 

Glycerin (10%) N N Y Y 

Effect of Modified Distillers Grains with Solubles and Crude Glycerin 

Inclusion in Beef Cattle Finishing Diets on Shelf Life and Sensory 

Characteristics of Beef Strip Steaks and Ground Beef 
 

K.M. McClelland, J.P. Jaderborg, D.M. Paulus, J.M. Popowski, G.I. Crawford,  

A. DiCostanzo, and R.B. Cox 

University of Minnesota, St. Paul, MN 

Introduction Materials and Methods 

Results 

Objective 

The objective of this study was to evaluate the 

inclusion of modified distillers grains with 

solubles and crude glycerin in beef finishing diets 

on quality characteristics of fresh strip steaks 

and ground beef. 

Means within a row with different 

letters differ significantly  
1Subjects rated liking attributes on 

120 point scales 

2Subjects rated toughness, 

juiciness, and off flavor on 20 point 

scales (0 = none; 20 = extremely) 

 

• Modified distillers grains plus solubles (MDGS) 

can be used in beef cattle finishing diets, but may 

cause an increase in unsaturation in carcass fat 

 

• Crude soybean glycerin may be used to help 

decrease unsaturated fat formation in fresh beef 

 

• Differences in diet and fat saturation may lead 

to differences in fatty acid composition which can 

effect objective and subjective color scores and 

sensory attributes due to changes in lipid 

oxidation 

Table 1 - Sensory Attributes in Cooked Strip Steaks 

Treatment  

MDGS CON MDGS/GLY GLY P-Value 

Overall Liking1 70.00a   69.10ab 65.20b 65.80b 0.02 

Flavor Liking1 71.10a   69.60ab 66.90b  68.80ab 0.09 

Texture Liking1 66.50a 68.80a 63.10b 61.10b   0.002 

Toughness2   7.70a   6.70b   9.20c   9.20c <0.001 

Juiciness2   8.20a   9.40b   7.20c   6.90c <0.001 

Off flavor2  4.00 4.10  4.30  4.10 0.76 
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Figure 5 - Lean Color for Strip Steaks 
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Figure 7 - Surface Discoloration for Strip 

Steaks  
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Figure 9 - Overall Appearance for Strip 

Steaks 
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Figure 2 - L* Ground Beef 
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Figure 4 - a* Ground Beef 
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Figure 6 - Lean Color for Ground Beef 
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Figure 8 - Surface Discoloration for Ground 

Beef 
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Figure 10 - Overall Appearance for Ground 

Beef 
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* CON and MDGS/GLY are independently similar to MDGS and GLY, but differ from each other 

(P < 0.05) 

* CON and MDGS/GLY are independently similar to MDGS and GLY, but differ from each other 

(P < 0.05) 

* 

* CON and MDGS/GLY are independently similar to MDGS and GLY, but differ from each other 

(P < 0.05) 

* 

32.00

34.00

36.00

38.00

40.00

0 1 2 3 4 5 6 7

L
*

 

Days on Display 

Figure 1 - L* Strip Steaks 

MDGS

CON

MDGS/GLY

GLY



FRESH PORK PROPERTIES OF PIGS FED RACTOPAMINE 
HYDROCHLORIDE AND IMMUNOCASTRATED BOARS 

 

1 Department of Food Technology, State University of Campinas, Campinas, SP, Brazil  
2Meat Technology Center, Institute of Food technology , Campinas, SP, Brazil 

3Ourofino Agrobusiness, Cravinhos, SP, Brazil 

E-mail: quel_f7@hotmail.com) 

FORMIGHIERI, R. ¹*; MARTINS, A.1;. MAGENIS, G. B.3;  SILVEIRA, E.T.F.2; 

FELÍCIO, P.E. de1.   

Animal sex condition had no important impact on fresh 

pork properties. Immunocastrates did not differ from 

physically castrated pigs. The addition of RAC on diet of 

finishing pigs increased cooking loss and toughness 

measured by WBSF.  
The authors thank Ourofino Agrobusiness  for the financial  support, Pfizer Animal Health  for 

supply  Improvac, Frigodellis farm and slaughterhouse  to provide its facilities  to conduct this 

experiment, and the National Research Council (CNPq) for the graduate scholarship. 

INTRODUCTION 

RESULTS AND DISCUSSION MATERIALS AND METHODS 

Ractopamine hydrochloride (RAC) is a β-adrenergic agonist that is included in finishing diets to improve swine 

performance, increase protein deposition (Bergen et al., 1990) and to decrease adipose tissue accretion rate (Mills et al., 

1990). Although the economic benefits of the use of ractopamine in pigs are well established it is necessary to be aware 

of the possible changes that this additive cause on pork quality. Studies reporting the simultaneous use of 

immunocastration - vaccination against GnRH that cause a temporary suppression of testicular function - and ractopamine 

feeding on quality traits seem to be inexistent. Thus, the objective of this study was to compare sex categories, diets with 

and without RAC, and to detect interactive effects between sex and ractopamine on fresh pork properties. 

CONCLUSION 

 a,b Within a row, means with different superscripts differ (P < 0.05) 

*Females (FE), Physically castrates (PC) and Immunocastrates (IC) 

Table 1. Effect of sex and RAC on pork quality traits of objective color, 

pH24h, drip loss, cooking loss and shear force. 
                    

Sex   Ractopamine, ppm 

Item FE* PC* IC* P - value   0.0 7.5 P - value SEM 

Ligthness (L*) 47.8 47.8 47.7 0.98 48.1 47.6 0.27 2.85 

Redness (a*) 5.6b 6.5a 6.3ab 0.04 6.3 5.9 0.21 1.23 

Yellowness (b*) 0.1 1.5 1.5 0.11 1.5 1.1 0.11 0.82 

pH 24h  5.6a 5.4b 5.4b 0.002 5.4 5.5 0.15 <0.01 

Drip loss 48h, % 8.0 8.7 8.8 0.53 8.9 8.1 0.27 4.94 

Cooking loss, % 22.6 21.7 21.8 0.77 20.1b 23.8a <0.001 12.12 

Shear force, Kg 3.1 3.3 3.2 0.44   2.9b 3.4a <0.001 0.25 

There were no RAC × sex (P > 0.05) interaction for any of the 

pork properties studied, thus only the main effects of sex and 

RAC are presented in Table 1. The absence of interactions 

suggests that the combination of immunological castration 

and ractopamine has no impact on pork properties and both 

technologies can be used together. Sex condition only 

affected pH24h and a* values of objective color. Females had 

greater values of pH24h than physically castrates and 

immunocastrates. For a* values physically castrates 

presented redder pork than females, and immunocastrates did 

not differ from the others. Despite these differences found, the 

pH24h and the objective color are within the criteria for 

classification of RFN or normal.  Ractopamine (RAC) diet did 

increase cooking loss and shear force (WBSF) values. The 

increase in WBSF, can be explained by a likely higher 

calpastatin and lower calpain activity in muscle and or by an 

increased in muscle fibers diameters. 

 

mailto:adrieli.martins@hotmail.com
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 During retail display, pigment  and lipid oxidation causes 

discoloration and off-flavors in beef.

 Protein oxidation reduces beef tenderness under high 

oxygen (80% O2) packaging conditions. 

 Different antioxidants act differently in protecting color, 

lipid and proteins of meat from oxidation.  

 Studies reported that different dietary antioxidant 

supplements successfully minimize lipid oxidation of meat 

due to HiOx-MAP and may or may not reduce protein 

oxidation related to decline in meat tenderness. 

 Dipping steaks in antioxidant solutions prior to packaging 

may give a protective layer around steaks; thereby, 

minimizing color, lipid and protein oxidation in HiOx-MAP. 

INTRODUCTION OBJECTIVES CONCLUSIONS

METHODOLOGY

 Antioxidant Treatments:

Control

α-Tocopherol (Tocopherol; 300 ppm)

Tertiary butyl hydroquinone (TBHQ; 200 ppm)

Rosemary extract (Herbalox; 600 ppm)

α-Tocopherol + TBHQ (300 + 200 ppm)

TBHQ + Herbalox (200 + 600 ppm)

α-Tocopherol + Herbalox (300 + 600 ppm)

 Muscle : 5 USDA Choice grade Beef strip loins 

(m. longissimus lumborum) for each packaging systems

 Aging : 14 days at 0 ± 2 ºC

 Packaging: 

Low levels of oxygen

(2-5% O2,10% CO2,85% N2; LowOx-Map) 

High levels of oxygen

(80% O2 and 20% CO2; HiOx-MAP)

Oxygen Permeable Packages: Control Treatments

Means of percentage discoloration of low and high oxygen packaged and antioxidant treated strip loin, 

during 7 d of retail display.
A–D Comparison among treatments within each retail display d; means lacking a common superscript were significantly different at 

P < 0.05.

Means of a* values of low and high oxygen packaged and antioxidant treated strip loin steaks, during 7 d 

of retail display.
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Tenderness

Lipid Oxidation
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 Retail Display: Simulated retail display at 2 ºC for 7 days.

 Analysis:

 Lipid Oxidation- Thiobarbituric Acid Reactive Substance 

Assay (TBARS)

 Color Stability- Minolta Color (L*, a*, and b*) 

% Discoloration (Trained Panel)

 Tenderness-Warner-Bratzler shear force (WBSF)

 Statistical Analysis:

 ANOVA using Proc GLIMMIX in SAS as a completely 

randomize design. 

 Mean separation by LSMEANS and PDIFF LINES at P < 0.05.

L
o

w
O

x
-M

A
P

H
iO

x
-M

A
P

0 d

7 d

0 d

7 d

Control 

OW-PVC
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% Discoloration

Means of  TBARS of low and high oxygen packaged and antioxidant treated strip loin steaks, during 7d of retail display.
A – C Comparison among treatments within each retail display d, means lacking a common superscript were significantly different at P < 0.05.
a – c Comparison among retail display d within each treatment, means lacking a common superscript were significantly different at P < 0.05.

Role of Antioxidants in Color and Tenderness of Beef 

Steaks in High and Low Oxygen Packages
S.W. Bolte, L. Senaratne, S. Pokharel, K. Varnold, and C. R. Calkins

Department of Animal Science, University of Nebraska-Lincoln

 Evaluate the role of antioxidants in color and lipid 

stability, and tenderness of beef strip loin steaks in 

high and low oxygen packaging systems. 

SUMMARY

 Steaks in LowOx-MAP discolored at a more rapid rate than those in high oxygen modified atmosphere packages 

(HiOx-MAP).  

 Steaks treated with solutions containing TBHQ had significantly less discoloration after 3 d (LowOx-MAP) and after 

6 d (HiOx-MAP) of retail display than controls or steaks treated with the other antioxidants. 

 Steak a* (redness) values decreased during retail display. The decline was more severe for steaks dipped in 

solutions that did not contain TBHQ and were packaged in LowOx-MAP.

 There were no differences in a* values among treatments using HiOx-MAP.

 Thiobarbituric acid reactive substance (TBARS) values increased  with the exception of steaks dipped in TBHQ.

 No differences existed in tenderness (WBSF) among treatments in either packaging system.

 Tertiary butyl hydroquinone was significantly effective in 

minimizing color and lipid oxidation of steaks packaged in 

LowOx- and HiOx-MAP during retail display.

 Under MAP, oxidation of myoglobin color pigments and 

lipids were unrelated to beef tenderness. 

Means of change (7 d – 0 d) in WBSF of low and high oxygen packaged and antioxidant treated strip loin steaks, during 

7d of retail display.
Funded by the Undergraduate Creative Activities & Research Experiences Program 

RESULTS

ccalkins1@unl.edu

Discoloration of Steaks in LowOx- and HiOx-MAP at the Beginning and the End 

of Retail Display
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•Incorporating noni pulp into ground beef patties was successful at decreasing lipid   

oxidation and improving shelf life and color stability

-Addition increased shelf life at least 1-2 days

•Off flavors associated with this product may limit use in large scale

-Further research of additives as well as method of extraction needs to be done to

improve the flavor profile of beef containing noni pulp

-Addition of other ingredients might make this combination more acceptable

•Microbial analysis revealed that there was no true inhibition of E. coli O157:H7, non-

O157 STEC, and Salmonella using this noni pulp

-Noni used was extracted with a mixture of alcohol based extraction techniques

- Previous research has shown that the method of extraction has a

substantial impact on the antimicrobial activity of noni (Jayaraman et

al., 2008)

Noni (Morinda citrofolia) has been used as a homeopathic remedy for over 2,000 years, it has been used to treat a  wide array of ailments

-Extracts have been shown to have antioxidant, immune stimulating, and tumor suppressing properties (Chan Blanco et al., 2006)

Antioxidants are added to ground beef to enhance shelf life and improve color stability (Ismail et al., 2009)

Noni has been shown to have a strong butyric acid like smell and flavor

-Companies that sell noni are utilizing various mixtures of juice to mask off flavors associated with noni (Chan-Blanco et al., 2006) 

One of the advantages of drinking noni is its abundance of phytochemicals, which can have neutraceutic effects

-Some phytochemicals such as Scopoletin are believed to inhibit the growth of pathogens

Research has shown that noni can have varying inhibitory effects (0-79.3%reduction) on pathogen growth (Jayaraman et al., 2008)

•Course ground beef (85% lean) was mixed with noni pulp by weight to formulate batches of 0, 2, 4, and 6% noni beef

-Beef was ground through a 9.5 mm plate and formed into 113 g patties 

•Two patties were packaged on a Styrofoam tray and wrapped with oxygen permeable overwrap, placed in simulated retail display (4 C and 1,600 lux lighting for 5 d)  

•Subjective color scores were given for total color, worst point color, and percent discoloration through d 5

•Instrumental color analysis was done using a Hunter Miniscan, with Illuminant A, using a 2.54 cm aperture

•TBARS patties were taken out of trays and frozen in vacuum package bags at -20 C

-Assays were conducted on d 1, 3, and 5

•Evaluation of beef flavor, juiciness, off flavor, and warmed over flavor was conducted by a trained taste panel

-Patties were cooked to 71 C; and were either served warm for conventional panels, or chilled overnight and reheated to 71 C for warmed over flavor panels

•A microbial  zone of inhibition (spot) test was conducted using pure noni solutions alone against Escherichia coli O157:H7, non-O157 Shiga toxin producing Escherichia coli 

(STEC), and Salmonella

-A millimeter ruler was utilized to measure the zone of inhibition for each noni solution with the tested organisms  

•Data was run through SAS (Cary, NC), using a completely randomized design

-The mixed models procedure of SAS was used to separate least square means where P < 0.05

Figure 1. Mean total color scores for 

beef patties mixed with 0, 2, 4, or 

6% noni pulp displayed for 5 days

Figure 2. Mean worst point color scores 

for beef patties mixed with 0, 2, 4, or 

6% noni pulp displayed for 5 days

Figure 3. Mean discoloration scores 

for beef patties mixed with 0, 2, 4, or 

6% noni pulp displayed for 5 days

Fig 6. Mean values for TBARS, a measure of 

oxidative rancidity for beef patties mixed with 0, 

2, 4, or 6% noni pulp displayed for 5 days

Fig 5. Mean values for yellowness of 

beef patties mixed with 0, 2, 4, or 6% 

noni pulp displayed for 5 days.

Fig 8. Mean values for mm inhibition zones 

seen with noni solutions  *Solutions not 

shown displayed no inhibition 

Fig 7. Probability values for flavor 

characteristics of noni treated beef patties.

Added noni pulp, % P-value1

Sensory attributes2 0 2 4 6 SE NONI LIN

Regular panel3

Juiciness 5.5b 5.8a 5.5b 5.5b 0.17 0.037 0.459

Beef flavor intensity 5.5a 4.6b 4.1c 3.8c 0.16 <0.001 <0.001

Warmed-over flavor 7.2 7.4 7.4 7.4 0.16 0.401 0.149

Mouth feel 6.3a 6.0ab 5.9bc 5.7c 0.15 0.001 <0.001

Off-flavor intensity 7.6a 5.9b 4.5c 3.7d 0.35 <0.001 <0.001

WOF panel4

Juiciness 5.1 5.0 4.9 5.0 0.13 0.419 0.512

Beef flavor intensity 5.2a 4.9b 4.2c 3.9c 0.14 <0.001 <0.001

Warmed-over flavor 7.0 6.8 6.8 7.1 0.17 0.280 0.481

Mouth feel 6.5 6.4 6.3 6.1 0.13 0.060 0.008

Off-flavor intensity 7.3a 6.6b 5.3c 4.4c 0.29 <0.001 <0.001

Shelf life stability, organoleptic variation, and 
pathogenic reduction of noni treated beef patties
W.N. Tapp III*, J.W.S. Yancey†, J.K. Apple†, M.J. Wolf, * A.M. Laury*, J.C. Brooks, *
M.M. Brashears*, and M.F. Miller*

*Texas Tech University, Department of Animal and Food Sciences, Lubbock, TX
†University of Arkansas Division of Agriculture, Department of Animal Science, Fayetteville, AR
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Fig 4. Mean values for redness of 

beef patties mixed with 0, 2, 4, or 6% 

noni pulp displayed for 5 days 
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The Effects of Freeze and Thaw Rates on Tenderness and 
Sensory Quality of Beef Subprimals 

J.E. Hergenreder1, J.J. Hosch1, K.A. Varnold1, A.L. Haack1, L.S. Senaratne1, 
S. Pokharel1, C. Beauchamp2, B. Lobaugh3, C.R. Calkins1

University of Nebraska-Lincoln1,  Colorado Premium Beef2, iQ Foods3

INTRODUCTION

RESULTS
MATERIALS & METHODS

OBJECTIVES

CONCLUSIONSSUMMARY

Least square means of Warner-Bratzler shear force and purge loss.

Least square means of sensory attributes.

21d Aged
Fresh never 

frozen

Blast
Frozen

Conventional 
Frozen

14d Aged
Fresh never 

frozen

Fast Thaw
~21 hrs

Fast Thaw
~21 hrs

Slow Thaw
14 days

Slow Thaw
14 days

Aged 14d 
prior to 
freezing

3 replications of 5 samples per 
treatment/week for 3 weeks; Longissimus 
Thoracis, Longissimus Lumborum and
Gluteus Medius

Subprimals 
are weighed 

for purge loss 
measurement

Subprimals weighed
for purge loss 
measurement

2.5 cm steaks cut (2) 

Taste Panel
WBSF

WBS

Steaks weighed,
temperature 

taken, cooked
to 71˚ C, & 

weighed again

Steaks cored
& sheared

24 hr storage
@ 2˚C

Taste
Panel

Steaks vacuum
packaged and
stored until
their taste 

panel

Steaks 
cooked
to 71˚C

Cut into 1 cm 
cubes & 
served

6 steaks served 
per taste panel (1 steak 
for each treatment)

 Statistical Analysis
• Data were analyzed as a completely randomized  

design.
• Data were analyzed using GLIMMIX  procedure 

(SAS, 2009) when significance (P < 0.05) was 
indicated by ANOVA.

Contact: Dr. Calkins – ccalkins1@unl.edu
Funded in part by the Beef Checkoff and Colorado Premium

1. Effect of freezing method on tenderness and 
sensory properties.

2. Effect of thawing method on tenderness and 
sensory properties.

3. Effect of freezing method on purge loss.
4. Effect of thawing method on purge loss.

 Average length of aging for steaks in restaurant 
settings is 30 d (Savell et al., 2006, J. Anim. Sci. 
33:111). 
Steaks aged from 7-136 days
29% steaks had less than 14 d of aging

 Inconsistency and considerable variation 
between products.

 Fluctuation in supply and demand as well as 
price of middle meats.
High demand for steaks in the summer
Have to use steaks with too little aging
High demand for roasts in the winter  Neither freezing nor thawing rates had 

significant meaningful effects on Warner-
Bratzler shear force or sensory.

 Freezing rate did not affect purge loss.

 Slow thawed subprimals had the greatest purge loss 
(P < 0.0001).

 Slow thawed steaks were equal or superior in WBS 
when compared to fast thawed steaks.

 There were no differences detected in sensory 
tenderness (P > 0.05) among treatments.

 Freezing rate had no effect on WBS or sensory          
(P > 0.05).

Treatments1 Contrasts

Muscle Trait

14 Day 

Aged

21 Day 

Aged

Blast 

Frozen, 

Fast Thaw

Blast 

Frozen, 

Slow Thaw

Conventional 

Frozen, 

Fast Thaw

Conventional 

Frozen,

Slow Thaw P-value

Blast Frozen

vs. Conventional 

Frozen

Slow Thaw

vs.

Fast Thaw

Longissimus 

Thoracic

WBS, kg 3.44c 3.10c 4.45a 3.70bc 4.21ab 3.53c 0.001 0.4825 0.2897

Purge Loss, % 0.68b 1.01b 0.98b 5.30a 0.72b 4.49a <0.0001 0.5431 <0.0001

Longissimus 

Lumborum

WBS, kg 3.55ab 3.32abc 3.55ab 2.93bc 3.94a 2.83c 0.01 0.5177 0.0004

Purge Loss, % 1.78b 1.88b 0.88c 3.53a 0.78c 3.53a <0.0001 0.8171 <0.0001

Gluteus 

Medius

WBS, kg 3.35 3.21 4.08 3.48 3.51 3.54 0.08 0.2411 0.1845

Purge Loss, % 1.25bc 1.56b 0.79cd 6.17a 0.53d 6.23a <0.0001 0.7060 <0.0001

a, b, c, d  Means in the same row having different superscripts are significant at P = 0.05.

*P-value for the interaction between freezing process and thawing process.
1 Blast Frozen = spacers placed between boxes of meat and placed in a -28°C freezer with high air velocity, Conventional Frozen = boxes of meat placed in a      -28°C freezer 

with minimal air movement, Slow Thaw = subprimals set on a table in a 0°C room for 14 days, Fast Thaw = subprimals immersed in a circulating water bath (< 12°C) for 21 hrs 

14 Day Aged = Aged for 14d and fresh, never frozen, 21 Day Aged = Aged for 21d and fresh, never frozen.

Treatments1 Contrasts

Muscle Trait

14 Day 

Aged

21 Day 

Aged

Blast 

Frozen, 

Fast Thaw

Blast 

Frozen, 

Slow Thaw

Conventional 

Frozen, 

Fast Thaw

Conventional 

Frozen,

Slow Thaw P-value

Blast Frozen

vs. Conventional

Frozen

Slow Thaw

vs.

Fast Thaw

Longissimus 

Thoracic

Tenderness 5.80 5.94 5.12 5.30 5.55 5.67 0.07 0.0613 0.4692

Juiciness 5.08a 5.07a 4.12b 4.34b 4.48b 4.30b 0.001 0.4384 0.8965

Connective Tissue 5.04 5.48 4.68 4.85 5.14 5.32 0.09 0.0268 0.3961

Off-Flavor 2.10 2.14 1.88 1.97 2.05 2.02 0.30 0.1356 0.6648

Cooking Loss 17.36b 16.53b 21.24a 19.41ab 22.31a 20.51a 0.001 0.3511 0.1230

Longissimus 

Lumborum

Tenderness 6.03 5.90 6.07 6.31 5.79 6.37 0.10 0.5327 0.0194

Juiciness 5.63 5.24 4.99 5.03 5.32 5.19 0.17 0.1977 0.8044

Connective Tissue 5.61ab 5.55b 5.77ab 6.04a 5.37b 6.02a 0.02 0.1842 0.0032

Off-Flavor 1.93 1.92 1.89 2.04 1.81 1.86 0.49 0.0751 0.1722

Cooking Loss 20.95 16.51 17.21 19.33 19.36 17.67 0.41 0.8728 0.8882

Gluteus 

Medius

Tenderness 5.43 5.88 5.54 5.89 5.59 5.52 0.33 0.6811 0.8198

Juiciness 5.01 5.36 5.33 4.70 5.04 4.55 0.07 0.3217 0.0108

Connective Tissue 4.92 5.38 5.22 5.17 5.07 5.22 0.46 0.7670 0.7689

Off-Flavor 1.90b 2.01ab 1.84b 1.96ab 2.10a 1.85b 0.02 0.2296 0.2505

Cooking Loss 23.44 25.03 26.11 27.79 27.49 25.67 0.40 0.8005 0.9612

a, b, c, d  Means in the same row having different superscripts are significant at P = 0.05.

*P-value for the interaction between freezing process and thawing process.

Tenderness (1 extremely tough – 8 extremely tender); juiciness (1 extremely dry – 8 extremely juicy); connective tissue (1 abundant amount – 8 no connective tissue); off-

flavor (1 no off-flavor – 4 strong off-flavor).
1 Blast Frozen = spacers placed between boxes of meat and placed in a -28°C freezer with high air velocity, Conventional Frozen = boxes of meat placed in a -28°C freezer with 

minimal air movement, Slow Thaw = subprimals set on a table in a 0°C room for 14 days, Fast Thaw = subprimals immersed in a circulating water bath (< 12°C) for 21 hrs, 14 

Day Aged = Aged for 14d and fresh, never frozen, 21 Day Aged = Aged for 21d and fresh, never frozen.

3 subprimals were used.
Rib-eye roll, (n = 90)
Strip loin, (n = 90)
Top sirloin butt, (n = 90)

mailto:ccalkins1@unl.edu


 
 

Animals and Diets  
• 48 crossbred steers and heifers were fed using a 

Calan gate feeding system  

 

• Cattle were assigned randomly to one of four 

treatment groups 

 

• 2 x 2 factorial design 

 

 

 

 

 

 

• Cattle were humanely harvested at a 

commercial abattoir in two groups 

 

• Strip loins removed from the right side of each 

carcass 48 hrs post mortem 

 

• Packaged strip loins were weighed, 

unpackaged, and reweighed to calculate purge 

loss 

Fabrication 
• Two 2.54-cm steaks were cut serially from the 

anterior end of each loin 

 

Drip Loss 
• One steak from each loin was weighed, 

suspended for 24 hrs and re-weighed to calculate 

drip loss 

 

Cook Loss and Shear Force 
• One steak from each loin was weighed, cooked 

to an internal temperature of 71ºC, tempered to 

room temperature, and re-weighed to calculate 

cook loss 

 

• Six cores were then taken from each steak and 

evaluated for Warner-Bratzler shear force 

Effect of Modified Distillers Grains with Solubles and Crude Glycerin 

Inclusion in Beef Cattle Finishing Diets on Shear Force and Moisture 

Loss of Beef Strip Steaks 
 

K.M. McClelland, J.P. Jaderborg, D.M. Paulus, J.M. Popowski, G.I. Crawford,  

A. DiCostanzo, and R.B. Cox 

University of Minnesota, St. Paul, MN 

Introduction Materials and Methods 

Results Objective 

The objective of this study was to evaluate the 

inclusion of modified distillers grains with 

solubles and crude glycerin in beef finishing diets 

on quality characteristics of fresh strip steaks. 

Treatments 

CON MDGS GLY MDGS/GLY 

MDGS (35%) N Y N Y 

Glycerin (10%) N N Y Y 

  

Table 1 - Moisture Loss and Shear Force in Strip Steaks 

  MDGS Glycerin SE  P-Value 

  Y N Y N MDGS Glycerin 

Purge Loss, %   1.42   1.35   1.26   1.51 0.13 0.67 0.19 

Drip Loss, %   1.58   1.18   1.24   1.52 0.16 0.10 0.25 

Cook Loss, % 22.64 26.31 25.80 23.15 1.73 0.15 0.29 

Shear Force, kg     2.55a    3.53b   3.34   2.73 0.30 0.03 0.16 

Means within a row with different letters differ significantly  

• Modified distillers grains plus solubles (MDGS) 

can be used in beef cattle finishing diets, but may 

cause an increase in  unsaturation in carcass fat 

 

• Crude soybean glycerin may be used to help 

decrease unsaturated fat formation in fresh beef 

 

• Differences in diet and fat saturation may lead 

to differences in moisture loss and shear force in 

beef steaks 



INTRODUCTION

OBJETIVES

MATERIALS AND METHODS

CHEMICAL COMPOSITION:  

Moisture, ash, protein, fat.

PHYSICAL PROPERTIES 

Texture, pH and water activity (Aw).

COOKING CHARACTERISTICS:

Cooking yield, fat and moisture retention, diameter 

reduction and thickness increase.

(II) CHARACTERIZATION OF BURGERS

RESULTS & DISCUSSION

CONCLUSIONS

Cooked pork burgers elaborated with TLC had better 

cooking characteristics (higher cooking yield, fat and 

moisture retention and thickness increase and lower 

diameter reduction) and improved its texture. Utilization 

of TLC, as a substitute of water, in the formulation of pork 

burgers appears to be a valuable alternative.

The valued added products (intermediate food product) 

obtained from co-products is an interesting practice that 

can contribute to obtain more benefits to all food 

industries. Tiger nuts or chufas (Cyperus esculentus) are 

tubers mainly used to produce “Horchata de chufa” (tiger 

nuts milk), yielding a high quantity of co-products (solids 

and liquids). The tiger nut milk liquid co-product (TLC) 

could be used as an ingredient for the food industry. Its 

physicochemical properties allow its use as a substitute 

of water addition to foods. TLC is also a valuable source 

of natural antioxidants (phenolic compounds). Many 

efforts have been made to improve the quality, 

nutritional profile and stability of burgers because 

consumer demand also for fast food healthy foods, this 

trend has been increasing rapidly in the recent years.

The objective of this work was to study the effect of the 

water formula replacement by TLC on the chemical and 

physicochemical characteristics of pork burgers.

E. Sánchez-Zapata, E. Fuentes-Zaragoza, M. Viuda-Martos, E. Sendra, 

E. Sayas-Barberá, J. Fernández-López, & J.A. Pérez-Alvarez. 

e-mail: elena.sanchezz@umh.es

Agrofood Technology Department. IPOA Research Group. Miguel Hernández University.

Orihuela (Alicante). Spain

The authors acknowledge the economic support from C aja
Mediterráneo (CAM), and also wish to thank PDO “Chuf a de Valencia”.

TECHNOLOGICAL CHARACTERISTICS OF PORK BURGER AS 

INFLUENCED BY TIGER NUT MILK LIQUID CO-PRODUCT

Three independent replicates of each batch were 

prepared. A simple traditional formulation was used to 

obtain a base meat batter as follows (percentages of 

non-meat ingredients are related to meat): 55% lean 

pork meat, 45% pork backfat, 18% (w/w) water (ice), 

1.5% (w/w) sodium chloride, 0.2% white pepper. This 

mixture was divided into batches and TLC substituted 

water in the formulation of pork burgers.

(I) BURGERS ELABORATION

PORK BURGERSPORK BURGERSBURGERBURGER--SHAPEDSHAPED
CHOPPED CHOPPED 

PORK MEATPORK MEAT

PARAMETER CONTROL TLC

pH 6.14a 6.13a

Aw 0.991a 0.978b

Moisture (%) 53.85a 52.55a

Ash (%) 2.09a 1.84a

Fat (%) 26.67a 27.02a

Protein (%) 15.35a 14.96a

TABLE 1.- Chemical and physicochemical properties of burger with 

TLC added.

13.90b10.20a% Thickness increase

12.97a15.49b% Diameter reduction

PARAMETER CONTROL TLC

% Fat retencion 83.99a 88.62b

% Moisture retention 69.17a 83.40b

% Cooking yield 82.29a 90.73b

TABLE 2.- Cooking characteristics of pork burgers with TLC added.

Manhattan, Ks. 

TLC addition caused a decreased (P<0.05) in water 

activity. No differences (P>0.05) were observed in pH, 

moisture, fat, protein and ash content among in the raw 

burger. (Table 1). 

Results showed that formulation with TLC added had the 

highest cooking yield (P<0.05), fat and moisture retention 

and thickness increase; also was observed a smaller 

diameter reduction (P<0.05) in the pork burger (Table 2). 

June 19-22, 2011

TIGER NUTTIGER NUT
MILKMILK

TIGER NUT MILK TIGER NUT MILK 
LIQUID COLIQUID CO--PRODUCTPRODUCT

TIGER NUTTIGER NUT

TLC addition caused, in the cooked burger, a texture 

improvement (Table 3), because hardness, gumminess and 

chewiness were lower (P<0.05) in the samples with TLC 

than in burger formulated with tap water.

TABLE 3.- Textural parameters of pork burgers with TLC added.

12.98a27.48bChewiness (N mm)

PARAMETER CONTROL TLC

Hardness (N) 21.60b 12.00a

Gumminess (N) 5.18b 2.43a



Tenderness and Nutrient Differences of Beef from
Different Genotypes

J.E. Hergenreder, S. Pruitt, G.E. Erickson, M. Spangler, C.R. Calkins

University of Nebraska-Lincoln

INTRODUCTION

RESULTS

MATERIALS & METHODS

OBJECTIVES

CONCLUSIONS

SUMMARY

Animals with the genotype that has a base pair deletion 
on the myostatin gene causing hyperplasia are usually 
more tender and leaner than animals without the 
deletion. 

 0-copy animals had a higher degree of marbling, were 
fattest and had a smallest ribeye area.

 2-copy animals had the largest ribeye area and were the 
trimmest.

1. Determine tenderness differences of beef from different 
genotypes.

2. Determine nutrient composition differences of beef from 
different genotypes.

2-copy animals had the lowest degree of marbling and were still comparable to 0- and 1-copy 
samples for WBS.

2-copy animals were generally leaner and more tender than 0- and 1-copy animals.
 2-copy animals were higher in protein content and lower in fat content. 

a, b, c  Means in the same row having different superscripts are significant at P = 0.05.

1 0-Copy = Angus, 1-Copy = Angus X Piedmontese cross, 2-Copy = Piedmontese.

Warner-Bratzler shear force, carcass data and cooking loss from different genotypes.353a

316b

138c

0 Copy 1 Copy 2 Copy

Steers

Least square means of marbling (P < 0.001)

a, b, c  Means in the same row having different superscripts are significant at P = 0.05.
0-Copy = Angus, 1-Copy = Angus X Piedmontese cross, 2-Copy = Piedmontese.

Small = 400, Slight = 300, Traces = 200, Practically Devoid = 100

421a

380b

219c

0 Copy 1 Copy 2 Copy

Heifers

Proximate composition from different genotypes.

Lipid content from different genotypes.

Mineral content from different genotypes.

Genotype1 USDA Averages

Steers Heifers

Muscle Proximate Unit 0-Copy 1-Copy 2-Copy 0-Copy 1-Copy 2-Copy

USDA 

Choice

USDA 

Select

Longissimus dorsi Moisture (Convection Oven) % 68.13 67.43 71.26 65.86 67.14 71.94 62.91 63.95

Protein % 20.61 21.34 24.79 21.90 21.61 23.84 20.63 20.59

Fat (ether extraction) % 12.58 10.9 3.21 12.15 10.30 2.88 15.95 15.04

Ash % 0.92 1.04 1.12 0.94 0.88 1.00 0.93 0.87

Carbohydrates % n.d. n.d. n.d. n.d. 0.07 0.34 0 0

Calories CALORIES 196 183 128 197 179 123 232 224

Semitendinosus Moisture (Convection Oven) % 74.8 72.52 75.36 72.03 73.52 74.30 68.57 70.06

Protein % 22.19 22.64 23.14 20.75 23.51 23.91 21.68 21.30

Fat (ether extraction) % 3.65 3.14 0.52 5.73 2.69 0.54 8.91 7.57

Ash % 1.08 1.22 1.16 0.92 1.11 0.92 1.03 0.99

Carbohydrates % n.d. 0.48 n.d. 0.57 n.d. 0.33 0.00 0.00

Calories CALORIES 122 121 97 137 118 102 173 159

Genotype1 USDA Averages

Steers Heifers

Muscle Lipid Unit 0-Copy 1-Copy 2-Copy

0-

Copy 1-Copy 2-Copy

USDA 

Choice

USDA 

Select

Longissimus dorsi Cholesterol mg/100g of meat 50 44 49 48 50 50 58 55

Saturated Fat (Total) g/100g  of meat 5.46 4.82 1.38 5.37 4.48 1.38 6.435 6.067

Saturated Fatty Acids % of fat 43.4 44.3 43.1 44.20 43.50 47.90 - -

Monounsaturated Fats (Total) g/100g of meat 6.37 5.24 1.52 6.09 5.16 1.27 6.828 6.438

Mono-unsaturated Fatty Acids % of fat 50.6 48 47.4 50.10 50.10 44.00 - -

Polyunsaturated Fats (Total) g/100g of meat 0.64 0.76 0.28 0.55 0.53 0.20 0.607 0.572

Poly-unsaturated Fatty Acids % of fat 5.1 6.99 8.86 4.56 5.10 6.87 - -

Trans Fatty Acids (Total) g/100g of meat 0.11 0.08 0.02 0.14 0.14 0.04 - -

Trans Fatty Acids % of fat 0.87 0.72 0.65 1.16 1.33 1.33 - -

Semitendinosus Cholesterol mg/100g of meat 45 48 47 51 48 53 44 38

Saturated Fat (Total) g/100g of meat 1.53 1.27 0.21 2.49 1.11 0.22 3.51 2.98

Saturated Fatty Acids % of fat 42 40.5 39.4 43.50 41.30 41.30 - -

Monounsaturated Fats (Total) g/100g of meat 1.74 1.58 0.21 2.83 1.32 0.23 3.85 3.27

Mono-unsaturated Fatty Acids % of fat 47.7 50.3 40.9 49.40 49.10 42.50 - -

Polyunsaturated Fats (Total) g/100g of meat 0.34 0.26 0.1 0.35 0.22 0.08 0.34 0.29

Poly-unsaturated Fatty Acids % of fat 9.31 8.23 18.9 6.08 8.26 15.00 - -

Trans Fatty Acids (Total) g/100g of meat 0.04 0.03 n.d. 0.06 0.04 n.d. - -

Trans Fatty Acids % of fat 1.03 0.92 0.74 1.09 1.32 1.11 - -

Genotype1 USDA Averages

Steers Heifers

Muscle Mineral Unit 0-Copy 1-Copy 2-Copy 0-Copy 1-Copy 2-Copy USDA Choice USDA Select

Longissimus dorsi Sodium ppm 429 385 400.8 394.60 391.10 421.60 510 520

Potassium ppm 2913 2949 3161 2812 2786 3327 3130 3130

Calcium ppm 35.03 37.03 39.66 39.65 38.68 50.21 250 230

Iron ppm 15.33 12.98 11.11 15.35 19.94 14.15 14.8 14.7

Semitendinosus Sodium ppm 390.8 391.1 347.8 401.10 378.30 351.40 550.00 620.00

Potassium ppm 3378 3505 3377 3305 3320 3288 3340 3460

Calcium ppm 34.19 38.17 37.63 36.29 36.42 39.72 160.00 240.00

Iron ppm 15.79 14.07 9.98 15.07 15.09 21.95 19.20 16.90

Genotype1

Steers Heifers

Muscle Trait Unit 0-Copy 1-Copy 2-Copy P-value 0-Copy 1-Copy 2-Copy P-value

Longissimus dorsi n 19 28 12 25 26 9

WBS kg 2.63a 2.57a 3.03b 0.0440 4.02b 3.21a 3.15a 0.0009

Ribeye area cm2 29.00c 32.70b 37.00a <0.0001 33.20c 35.90b 41.70a <0.0001

12th rib fat cm 1.10c 0.70b 0.30a <0.0001 1.10c 0.80b 0.40a <0.0001

Cooking Loss % 13.32 14.46 14.53 0.6283 13.06 16.57 13.77 0.1267

Semitendinosus WBS kg 3.68c 3.15b 2.25a <0.0001 4.27b 3.64a 3.52a 0.0004

Cooking Loss % 18.19 19.92 17.21 0.0798 16.86 18.77 18.54 0.2157

 Cattle were fed the same diet, steers were fed for 190 d and 
heifers for 114 d.

 59 steers & 60 Heifers
0-copy (Angus, no deletion in the myostatin gene)

–19 steers
–25 heifers

1-copy (Angus X Piedmontese cross, one copy of the 
myostatin gene has a base pair deletion)

–28 steers
–26 heifers

2-copy (Piedmontese, both copies of the myostatin gene 
have a base pair deletion, double muscled)

–12 steers
–9 heifers

All fat thickness and rib-eye area measurements were taken.
Marbling score was assessed.
 8 cm thick longissimus dorsi and semitendinosus samples were 

removed from every carcass.
 1.3 cm thick samples were cut from the 8 cm samples 

trimmed to 0.3 cm fat and analyzed for nutrient composition.
6 longissimus dorsi and semitendinosus samples from each 

treatment were randomly selected from the steers.
9 longissimus dorsi and semitendinosus samples from each 

treatment were randomly selected from the heifers. 
 Remaining portions were vacuum packaged and aged for 14 d 

in 4.5°C cooler.
 2.5 cm steaks were cut for Warner-Bratzler shear force (WBS).
Statistical analysis
 Data were analyzed as a completely randomized design.
Data were analyzed using GLIMMIX procedure (SAS, 2009) 

when significance (P < 0.05) was indicated by ANOVA.

Contact: Dr. Chris Calkins – ccalkins1@unl.edu

RESULTS
1 0-Copy = Angus, 1-Copy = Angus X Piedmontese cross, 2-Copy = Piedmontese.

1 0-Copy = Angus, 1-Copy = Angus X Piedmontese cross, 2-Copy = Piedmontese.

1 0-Copy = Angus, 1-Copy = Angus X Piedmontese cross, 2-Copy = Piedmontese.
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