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Table 5. Weight percentage of fatty acids1 and fat content of top blade steaks (Infraspinatus) from steers fed wet 
distillers grains plus solubles (WDGS) finishing diets. 

 Dietary treatments2  Effects3 
Fatty acid 0 15 30 P-value linear quadratic 
6:0 0.17 0.18 0.18 0.79 0.87 0.78 
10:0 0.02 0.02 0.03 0.78 0.61 0.34 
12:0 0.02 0.03 0.02 0.37 0.86 0.10 
14:0 2.87 2.88 2.70 0.42 0.29 0.30 
14:1(n-5) 0.63ab 0.70a 0.52b 0.01 0.06 0.02 
15:0 0.50ab 0.56a 0.47b 0.03 0.45 0.01 
iso16:0 0.66 0.66 0.68 0.93 0.84 0.76 
16:0 25.06a 24.26b 23.48b <0.01 0.01 0.97 
16:1(n-7) 3.12a 2.93a 2.46b <0.01 <0.01 0.27 
17:0 1.54ab 1.68a 1.39b 0.05 0.19 0.03 
iso18:0 0.46 0.50 0.57 0.21 0.27 0.70 
17:1(n-7) 1.21a 1.24a 1.00b <0.01 0.01 0.06 
18:0 14.52 14.51 15.37 0.19 0.07 0.35 
18:1t 2.17c 2.79b 4.03a <0.01 <0.01 0.29 
18:1(n-9) 38.46 37.37 36.52 0.06 0.02 0.86 
18:1(n-7) 1.73a 1.58b 1.47b <0.01 <0.01 0.80 
18:1� 13t 0.08c 0.23b 0.37a <0.01 <0.01 0.95 
18:1� 14t 0.38a 0.38a 0.28b <0.01 <0.01 0.08 
19:0 0.05 0.06 0.07 0.41 0.12 0.93 
18:2(n-6) 3.00c 3.96b 4.78a <0.01 <0.01 0.82 
18:2t 0.01 0.00 0.00 0.25 0.52 0.22 
20:0 0.04 0.04 0.07 0.22 0.07 0.60 
18:3(n-3) 0.16 0.16 0.18 0.43 0.98 0.18 
20:1(n-9) 0.45 0.48 0.48 0.32 0.22 0.37 
20:3(n-6) 0.24 0.26 0.29 0.17 0.20 0.88 
20:4(n-6) 0.78 0.73 0.85 0.37 0.83 0.26 
22:4(n-6) 0.18 0.14 0.19 0.33 0.74 0.13 
22:5(n-3) 0.18a 0.12ab 0.10b 0.04 0.01 0.67 
Others 1.43 1.52 1.43 0.87 0.82 0.44 
Total Trans 4.36b 4.98b 6.15a <0.01 <0.01 0.37 
PUFA 4.60b 5.38ab 6.40a <0.01 <0.01 0.81 
SFA 45.98 45.26 45.02 0.44 0.37 0.91 
Omega 3 0.35 0.31 0.28 0.19 0.06 0.97 
Omega 6 4.24c 5.07b 6.10a <0.01 <0.01 0.80 
Omega6:Omega3 12.50b 18.15b 24.65a <0.01 <0.01 0.65 
1 Weight percentage values are relative proportions of all peaks observed by Gas Chromatography. 
2 Wet distillers grains plus solubles (%, DM basis). 
3Linear and quadratic response to WDGS level.  
a,b,c Means in the same row having different superscripts are significant at P �  0.05 level. 
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Table 6. Sensorial attributes1 and Warner-Bratzler shear force (WBSF) of ribeye, tenderloin, and top blade 
from steers fed wet distillers grains plus solubles (WDGS). 

Muscle Attributes Dietary treatments2  

  0 15 30 P-value 

Ribeye (Longissimus lumborum)      

 Tenderness 5.11 5.28 5.42 0.64 

 Connective tissue 4.67 5.05 4.87 0.54 

 Juiciness 5.32a 4.86b 5.52a 0.02 

 Off-flavor 2.62 2.57 2.56 0.84 

 WBSF, kg 3.42 3.45 3.65 0.57 

Tenderloin (Poas major)      

 Tenderness 6.73 6.76 6.55 0.48 

 Connective tissue 6.40 6.54 6.24 0.20 

 Juiciness 5.29 5.26 5.03 0.60 

 Off-flavor 2.56 2.57 2.57 0.98 

 WBSF, kg 2.62 2.77 2.71 0.52 

Top blade (Infraspinatus)      

 Tenderness 6.19 6.45 6.17 0.51 

 Connective tissue 5.20 5.70 5.18 0.12 

 Juiciness 6.05 6.11 6.12 0.97 

 Off-flavor 2.93 3.06 2.84 0.56 

 WBSF, kg 2.95 2.57 2.91 0.06 
1Tenderness (1 - extremely tough, 8 - extremely tender), Connective tissue amount (1 - abundant, 8 - no 
connective tissue), Juiciness (1 - extremely dry, 8 - extremely juicy), Off-flavor intensity (1 - trace amount, 
8 - very extreme). 
2 Wet distillers grains plus solubles (%, DM basis). 
a,b,c Means in the same row having different superscripts are significant at P ≤ 0.05 level. 
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Table 7. Least square means of minerals (mg/kg) for strip loin, tenderloin, and top blade steaks from steers 
fed wet distillers grains plus solubles (WDGS) finishing diets. 

Muscle Min.1 Dietary treatments2   

  0 15 30 S.E.3 P-value 

Strip loin (Longissimus lumborum)       

 Ca 268 219 253 26 0.37 

 P 2092 2048 2093 27 0.35 

 K 3586 3480 3576 47 0.18 

 Mg 232 227 230 5 0.77 

 S 2061 2137 2142 94 0.77 

 Na 498 493 487 10 0.69 

 Zn 41 42 40 1 0.40 

 Fe 18 16 17 1.7 0.75 

 Mn 5 3 4 0.9 0.28 

 Cu 1.2 1 1.1 0.09 0.42 

Tenderloin (Poas major)       

 Ca 160 195 213 34 0.51 

 P 2045 2041 2038 28 0.98 

 K 3363 3270 3312 46 0.40 

 Mg 240 241 240 4 0.97 

 S 1890a 1924a 1574b 112 0.05 

 Na 498 474 478 8 0.09 

 Zn 34 36 34 1 0.22 

 Fe 25 22 21 1 0.11 

 Mn 4 2 3 0.7 0.27 

 Cu 1.2 1.4 1.4 0.1 0.50 

Top blade (Infraspinatus)       

 Ca 417 466 364 56 0.44 

 P 1814 1804 1816 19 0.89 

 K 2924 2867 2905 33 0.44 

 Mg 207 209 204 4 0.61 

 S 1780 1689 1797 100 0.70 

 Na 679 656 687 12 0.18 

 Zn 65 69 68 1 0.08 

 Fe 23 23 23 0.8 0.96 

 Mn 4 2 3 1 0.31 

 Cu 1.4 1.4 1.5 0.1 0.52 
1 Minerals quantified 

2 Wet distillers grains plus solubles (%, DM basis). 
3 Standard error 
a,b Means in the same row having different superscripts are significant at P ≤ 0.05 level. 
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Table 8. Least square means of TBA values (mg malonaldehyde/kg) for top blade and strip loin steaks from steers fed wet distillers grains 
plus solubles finishing diets. 

  Dietary treatments1   

Muscle day 0 15 30 P-value Effects 

Top blade (Infraspinatus)     <0.01 linear quadratic 

 0 0.68a 0.53a 0.59a  0.50 0.39 
 3 1.43Aa 2.37ABb 3.42Bb  <0.01 0.53 
 7 3.84Ab 5.04Ac 8.42Bc  0.02 0.55 
Strip loin (Longissimus lumborum)     <0.01   
 0 0.58a 0.52a 0.45a  0.43 0.44 
 3 0.65a 1.74a 1.45a  0.12 0.26 
 7 2.02Ab 3.77Bb 4.80Bb  0.02 0.86 
1 Wet distillers grains plus solubles (%, DM basis). 
A,B Means in the same row having different superscripts are significant at P ≤ 0.05 level. 
a,b,c Means in the same column having different superscripts are significant at P ≤ 0.05 level. 
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Figure 1.The relationship between fat% and marbling score for cattle fed varying levels of wet 

distillers grains plus solubles (WDGS). 
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Figure 2. Objective redness (a*) of strip loin (2a), tenderloin (2b), and top blade (2c) steaks from calf-

fed steers fed 0, 15, and 30% WDGS (DM Basis) displayed for 7 d under retail conditions 
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ABSTRACT 

 The objective of this study was to evaluate the effects of feeding wet distillers grains plus 

solubles (WDGS) on quality attributes of three beef muscles (Longissimus dorsi, Psoas major 

and Infraspinatus). Ninety-six, yearlings crossbred steers were randomly assigned to one of three 

dietary treatments (Corn, 15%, or 30% WDGS - DM basis) and fed for 133 d. No significant 

differences were observed in marbling score (P = 0.89), marbling texture (P = 0.70), and 

marbling distribution (P = 0.36).  Higher levels of PUFA and lower levels of 18:1(n-7) were 

observed in beef from steers fed 30% WDGS when compared to other treatments. Lipid 

oxidation was also higher in beef from steers fed 30% WDGS (P ≤ 0.05). No significant 

differences were observed in sensorial attributes and Warner-Bratzler shear force (WBSF) for all 

muscles (P > 0.05). Feeding WDGS increased PUFA and lipid oxidation which may lead lower 

shelf life. 

Keywords: Beef, distillers grains, fatty acids, sensory traits 
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INTRODUCTION 

 Exponential growth of the American ethanol industry led to increased production of 

distillers grains plus solubles (DGS) in the past few years (Klopfenstein, Erickson, and Bremer, 

2008). In the past decade the number of ethanol plants increased from 50 to 170 elevating 

ethanol production around 500% (Renewable Fuels Association, 2009). Although sorghum and 

wheat are also used in milling processes, corn is the most important grain for the ethanol industry 

(Stein and Shurson, 2009). During dry milling, starch from the grain is fermented to produce 

ethanol. After fermentation, the remaining part is called stillage. Coarser particles are removed 

from this stillage generating wet distillers grains (WDG). The liquid remaining fraction is 

condensed producing a type of syrup called solubles (S). Normally, solubles are added back to 

WDG forming WDGS (Stock, Lewis, Klopfenstein, and Milton, 2000). 

 When compared to corn, distillers grains plus solubles have higher levels of nutrients 

such as proteins, fat, and fiber (Klopfenstein, Erickson and Bremer, 2008). Hence, WDGS have 

been used widely in feedlot finishing diets with levels varying from 10 to 80% dry matter (DM) 

basis. Larson, Stock, Klopfenstein, Sindt, and Huffman (1993) showed a linear increase of 

average daily gain (ADG), feed conversion, hot carcass weight (HCW), and marbling score in 

yearling steers when feeding levels up to 40% WDGS. Vander Pol, Erickson, Klopfenstein, 

Greenquist, and Robb (2006), replacing corn by levels up to 50% WDGS, observed greater feed 

efficiency at all levels of WDGS. Klopfenstein Erickson and Bremer (2008) reviewed data 

obtained from results of 9 experiments conducted at the University of Nebraska and showed that 

feeding WDGS led to greater ADG, gain-to-feed ratio (G:F), and observed a linear increase of 

fat thickness and yield grade when compared with corn. In addition, this feedstuff is cheaper than 

whole grains, which decreases costs of production. Although research showed that feeding DGS 
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results in similar or improved beef cattle performance when compared to corn, few studies 

approached beef quality attributes. In this study we hypothesized that feeding WDGS would alter 

fatty acid composition of beef and consequently lead to changes in lipid stability. The aim of this 

work was to evaluate the effects of finishing diets containing intermediate rates of WDGS (15 

and 30%) on marbling attributes, lipid content, fatty acid profile, sensory attributes, objective 

color and lipid oxidation of beef aged 7 and 42 days. 

MATERIAL AND METHODS 

ANIMALS, DIETS, AND SAMPLE COLLECTION 

 Yearling steers (n = 96) were randomized in three groups, assigned to one of three dietary 

treatments containing 0% WDGS (only corn), 15% WDGS, or 30% WDGS (DM basis), and fed 

for 133 d prior to slaughter. All diets were based on dry rolled corn, high moisture corn, and 

alfalfa hay. Steers in this experiment were implanted once on d 1 with Revelor-S (Intervet Inc.). 

Feeding methods and cattle performance data were reported by Luebbe et al. (2009). 

 Fourty-eight h postmortem, marbling attributes (score, texture, and distribution) were 

evaluated by a United States Department of Agriculture (USDA) beef carcass grading 

supervisor. A 7 mm-thick slice of the ribeye (Longissimus thoracis) was collected at the 12th/13th 

rib region from each carcass to analyze the fatty acid profile. Later, 16 carcasses from each 

treatment (8 USDA Choice and 8 USDA Select) were randomly selected and their short loins 

(IMPS # 174, NAMP, 2007) and shoulder clods (IMPS #114, NAMP, 2007) were vacuum 

packaged and transferred to the University of Nebraska Meat Laboratory. After 7 days of aging 

under 2°C, the longissimus dorsi (LD), and psoas major (PM) were removed from the short loins 

whereas the infraspinatus (INF) was removed from the shoulder clod. Steaks for sensorial, 

proximate, and retail display analysis (lipid oxidation and color) were cut from each muscle. 
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Fatty acid analysis was also performed for PM and INF steaks (n = 16 per treatment). After 

cutting steaks, the remaining portions of LD and INF were re-vacuum packaged and stored under 

refrigeration (2°C) until 42 days of aging. 

 SAMPLE PREPARATION 

 Ribeye slices were trimmed of subcutaneous fat and connective tissue, pulverized with 

liquid nitrogen (- 174°C) using a blender (Waring Commercial, model 51BL32, Torring, CT), 

and stored at -80°C until the fatty acid analysis and proximate analysis could be made. For each 

aging period, 5 steaks were cut from the LD and INF.  The same number of steaks were cut from 

the PM, however, due to muscle size, tenderloin steaks were analyzed only when aged 7 d. 

Steaks were analyzed for fatty acid profile and proximate analysis (except LD, where the ribeye 

slice was tested), and lipid oxidation display day 0, retail display evaluation and lipid oxidation 

display day 7, lipid oxidation display day 3, Warner-Bratzler shear force (WBSF), and sensory 

analysis. For WBSF and sensory analysis, the steaks were immediately vacuum packaged after 

sliced from the PM, LD or INF muscles. Therefore, these steaks were not subjected to retail 

display.  

 PROXIMATE, FATTY ACID PROFILE, AND LIPID OXIDATION ANALYSES 

  Values of moisture and ash (%) were quantified by a LECO Thermogravimetric Analyzer 

(LECO Corporation, model 604-100-400, MI, USA) whereas total fat was determined by ether 

extraction using the Soxhlet procedure (AOAC, 1990).  

 Fatty acid profile of the three muscles was identified following methodologies of Folch, 

Lees, and Stanley (1957), Morrison and Smith (1964), and Metcalfe, Schmitz, and Pelka (1966). 

Lipids were extracted using chloroform and ether and converted to fatty acid methyl esters prior 

to Gas Chromatography analysis (Hewlett-Packard Gas Chromatograph - Agilent Technologies, 
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model 6890 series, CA, USA). Individual fatty acids were separated using a capillary column 

[Chrompack CP-Sil 88 (0.25 mm x 100 m)] and identified through retention time according to 

known standards. Temperature of the oven was set to increase from 140 to 220°C at 2°C/min and 

be held at 220°C for 20 min. Simultaneously, injector and detector temperatures were maintained 

at 270 and 300°C, respectively, whereas compounds were carried by Helium at a flow rate of 30 

mL/min. 

 For lipid oxidation, the protocol of Buege and Aust (1978), modified by Ahn, Olsen, 

Chen, Wu, and Lee (1998) was used to perform Thiobarbituric Acid Assay (TBA). The modified 

protocol consisted of mixing 5 g of powdered sample with 14 ml of demineralized / deionized 

water and 1 ml of Butylatedhydroxianisole (BHA), homogenizing for 15 s, centrifuging at 2000 

rpm for 5 min, transferring 1 ml of the homogenate to a 15 ml conical tube, vortexing after 

adding the 2-Thiobarbituric Acid / Trichloroacetic Acid (TBA/TCA), incubating at 70°C for 30 

min, centrifuging at 2000 rpm for 15 min, transferring aliquots of 200 µl from tubes to a well 

plate, and reading absorbance at 540 nm (Dynatech microplate reader - Dynex Technologies, 

model MR 5000, VA, USA) . Lipid oxidation (TBA values) was expressed as malonaldehyde 

concentration (mg/kg) and the quantification was realized comparing samples to standards 

absorbance. 

RETAIL DISPLAY 

 A simulated retail display was performed in two retail cases (Tyler Refrigeration 

Corporation, model LNSC5, MI, USA) set at 2 ±1°C. Over 7 d, samples were randomly re-

allocated in the case to be exposed uniformly to uncontrolled temperature variations that usually 

occurs in commercial cases. Three sets of 3 fluorescent light bulbs  (Phillips, Inc., model 
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F32T8/TL850 ALTO, NJ, USA) were used for each display case providing 100 to 150 ft candles 

with intensity lightning varying from 1000 to 1800 lx. 

 OBJECTIVE COLOR AND SURFACE DISCOLORATION 

 Objective color was measured for L* (psychometric lightness; black = 0, white = 100), a* 

(red = positive values; green = negative values) and b* (yellow = positive values; blue = negative 

values) using a HunterLab colorimeter (Miniscan XE Plus - Hunter Associates Laboratory, Inc., 

model 45/0-LAV, VA, U.S.A.). Every day before measuring, the colorimeter was calibrated 

according to the manufacturer instructions using a black and a white ceramic template. Area of 

measurement of the equipment was 35 mm diameter and the illuminant and standard observer 

were set at D65 and 10° respectively. Surface discoloration was evaluated by trained panelists (n 

= 5) using a hedonic scale from 1 (0% discolored) to 11 (91 - 100% discolored). Measures for all 

color attributes (L*, a*, and b*) and discoloration were taken during 7 consecutive days. For 

objective color, readings were averaged from three different locations on each steak. 

SENSORIAL ANALYSIS AND OBJECTIVE TENDERNESS 

 Cooking procedures for sensorial and WBSF (kg) analyses consisted of thawing steaks 

for 24 h at 5°C and grilling to 70°C. During cooking, steaks were flipped after reached 35°C at 

the geometric center and grilled until temperature reached 70°C. A seven-member panel was 

screened, selected, and trained (Meilgaard, Civille, and Carr, 1991) to evaluate tenderness (1 = 

extremely tough to 8 = extremely tender), connective tissue amount (1 = abundant amount to 8 = 

no connective tissue), juiciness (1 = extremely dry to 8 = extremely juicy), and off-flavor 

intensity (1 = extremely off-flavor to 8 = no off-flavor) on 8-point hedonic scales. Visual 

differences of samples were avoided through serving panelists under a red fluorescent light. 

Additionally, unsalted crackers and double distilled deionized water were available to the 

panelists to cleanse their palates between the samples. For WBSF, after cooking, steaks were 
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cooled for 1 h at 4°C and at least 6 cores (1.27 cm in diameter) were removed from each steak 

with a drill press parallel to muscle fiber orientation. Cores were sheared (Instron Universal 

Testing Machine - Instron Corp., model 55R1123, MA, USA) with a Warner-Bratzler blade 

where the crosshead speed was 250 mm/min with a 500 kg load cell. 

 STATISTICAL ANALYSIS 

 Data from this experiment were analyzed using the SAS® 9.2 package, SAS Institute, 

Inc., USA. Lipid oxidation was analyzed as a split-split-plot design where dietary treatment was 

the whole plot, aging the split plot and day the split-split-plot. Color data were analyzed as a split 

plot with repeated measures where dietary treatment was the whole, aging the split, and day the 

repeated measure. For repeated measures, the smallest Akaike and Bayesian information criteria 

(AIC and BIC, respectively) indicated best model fitting when the compound symmetry 

covariance matrix was used. Additionally, to determine the correct degrees of freedom for the 

estimates, the Kenward-Rogers approximation method was used. Color panelists were 

considered a random effect when analyzing subjective discoloration.  For sensory evaluation, a 

split plot design was used. Fixed effects of dietary treatment and aging were the whole and split 

plots respectively, and panelist was considered a random effect. For fatty acids, a completely 

(CRD) randomized design with a 3 x 2 factorial (3 dietary treatments and 2 USDA grades) was 

used.  Marbling and proximate analysis were analyzed as a completely CRD where dietary 

treatment was the main effect. Linear and quadratic relationships were detected by response 

curves. Data were analyzed using the GLIMMIX procedure and when significance (P ≤ 0.05) 

was indicated by ANOVA, means separations were performed using the LSMEANS and DIFF 

functions. 
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RESULTS 

 MARBLING ATTRIBUTES MOISTURE, ASH, AND FAT CONTENT 

 Feeding WDGS did not alter any marbling attribute (Table 1). Klopfenstein, Erickson and 

Bremer (2008) reported improved carcass traits when adding WDGS levels from 10 to 50% in 

finishing diets. In the present study, levels up to 30% did not affect marbling, ash, moisture, and 

fat content of any tested muscle (P ≤ 0.05). Positive linear relationships between marbling and 

fat content of the ribeye were detected for all dietary treatments where the determination 

coefficients ranged from 29 to 41% and feeding WDGS did not affect the relationship between 

marbling and intramuscular fat content (Figure 1). Slopes were statistically similar at P = 0.99. 

 FATTY ACIDS 

 Feeding 15% WDGS led to lower proportions of iso 16:0 and iso 18:0 in LD when 

compared to 0 and 30% (Table 2). Additionally, a slight increase of 18:0 proportion was detected 

in PM (Table 3).  Regarding other fatty acids, feeding WDGS linearly increased 18:1t, 18:2(n-6), 

total trans, PUFA, Omega 6, and Omega6:Omega3 in all muscles (P ≤ 0.03). The increase of 

these fatty acids may be explained by the concentration of corn oil in the final byproduct 

compared to the initial grain caused by milling process (Klopfenstein Erickson and Bremer, 

2008). After lipolysis and hydrogenation, lipid reaching the duodenum consists of fatty acids 

from dietary and microbial origins (Jenkins 1992). Vander Pol, Luebbe, Crawford, Erickson and 

Klopfenstein (2009) showed greater proportions of 18:1t, 18:1(n-9) and 18:2(n-6) reaching the 

duodenum in WDGS fed cattle when compared to corn fed. During lipid hydrogenation most of 

the unsaturated fats are saturated by rumen bacteria (Jenkins, 1992). Therefore, predominant 

unsaturated fats from WDGS may be protected from rumen transformation (Klopfenstein, 

Erickson and Bremer, 2008) leading to greater deposition of some unsaturated and 

polyunsaturated fatty acids in the muscle when compared to corn diets.  Conversely, as WDGS 
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levels increased, proportions of  16:1 (n-7), 17:1 (n-7), and 18:1(n-7) fatty acids linearly 

decreased in all muscles (P < 0.01). The reason of this decrease is still unknown. Posssibly, high 

fat digestibility may alter the ruminal bacteria’s ability of reducing cis n-7 fatty as well as 

mechanisms of absorption and transportation of these fatty acids from the small intestine to the 

muscle. Increased proportions of Omega 6 fatty acids and Omega 6:Omega 3 in beef from steers 

WDGS agrees with Gill, Van Overbeke, Depenbusch,  Drouillard, and  DiCostanzo (2008), who 

observed similar results comparing distillers grains and steamed-flake corn diets. Additionally, it 

seems that corn-based distillers grains affect the fatty acid profile of beef differently when 

compared to wheat-based distillers grains. Shand, McKinnon and Christensen (1998) did not 

observe any effect on fatty acid profile of beef when feeding wheat-based distillers grains and 

wet brewers grains compared to corn. This may be because corn-based WDGS are higher in fat 

than wheat-based WDGS. The present research clearly demonstrates that feeding levels up to 

30% significantly alters the fatty acid profile of all three muscles (LD, PM, and INF). 

 LIPID OXIDATION 

  For LD, significant interactions (P < 0.01) between day of display and aging, and dietary 

treatment and day of display were observed (Figure 2). Likewise, an interaction between aging 

and day of display and the single effect of dietary treatment (P < 0.01) were detected in INF 

(Figure 3). Due to its size, PM was only aged for 7 days and a significant interaction between 

dietary treatment and day of display was observed (Figure 4). For LD and INF, 42 day-aged 

steaks had higher oxidation when compared to 7 days-steaks (P < 0.01). When aging is extended, 

endogenous enzymes may increase the effects of residual oxidants such as free radicals, iron 

ions, and reactive oxygen species for increased oxidation of beef (Liu, Lanari and Schaefer, 

1995). Regarding dietary treatment, this research shows that feeding WDGS linearly increases 

proportions of PUFA in the lean. These fatty acids are easier oxidized when compared to 
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unsaturated fatty acids due to the weakness of their double bonds (Zhang, Shi and Shi, 2007). 

Because of this increase in PUFA, LD and INF steaks from steers fed 30% WDGS had greater 

oxidation than steaks from steers fed only corn (Figs. 2 and 3). The same results were observed 

for PM steaks from 30% WDGS fed-steers on days 3 and 7 of display (P < 0.01). Jakobsen and 

Bertelsen (2000) reported that lipid oxidation cause rancid off-flavor and limit beef shelf life. 

Thus, feeding WDGS may play an important role in determining final flavor and fresh color of 

beef. 

SENSORY ANALYSIS AND WBSF 

 Interactions and single effect P values of all muscles are presented in the Table 5. No 

effects of dietary treatment, quality grade, and their interaction were observed in LD. Aging 

significantly (P < 0.01) improved tenderness, increasing taste panel scores (5.03 and 5.79 for 7 

and 42 d, respectively) and decreasing WBSF values (4.02 and 3.41 for 7 and 42 d, respectively). 

Extended aging also decreased (P < 0.01) connective tissue amount (4.65 and 5.51 for 7 and 42 

d, respectively) and beef juiciness ratings (5.13 and 4.54 for 7 and 42 d, respectively). Parrish, 

Rust, Popenhagen and Miner (1969) concluded that juiciness is not affected by aging period. In 

this project, a slight, but significant decrease in juiciness in LD was observed. For INF, a three-

way interaction was observed for subjective tenderness (P = 0.04) and an interaction between 

dietary treatment and quality grade (P = 0.05) was detected for juiciness. Although interactions  

between dietary treatment and quality grade occurred, no specific trends were observed. Values 

of tenderness based on the three-way interaction varied from 4.7 to 6.2 with no distinct pattern 

for dietary treatment or grade. However, tenderness ratings were greater and WBSF values were 

lower in 42 d-aged steaks as well as ratings for connective tissue amount (P < 0.01) compared to 

7-d aged steaks.  
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In this study, feeding WDGS increased PUFA and decreased 18:1(n-7) fatty acids. 

Calkins and Hodgen (2007) reported that PUFA are positively correlated and 18:1(n-7) is 

negatively correlated to off-flavors. Thus, higher off flavor intensity ratings in samples from 

steers fed 30% WDGS were anticipated. However, all steaks that were sensory evaluated were 

not subjected to retail display, which minimizes lipid oxidation. In this study, the inclusion of 

30% of WDGS decreased off-flavor intensity (P = 0.02) in INF steaks (3.74, 3.62, and 3.46 for 0, 

15, and 30% WDGS, respectively).  

In this study, aging beef for 42 d resulted in higher oxidation when compared to 7 d 

aging. This caused greater off-flavor intensity in 42 d-aged INF steaks when compared to 7 d. 

Regarding PM, USDA Choice grade steaks were significantly (P < 0.01) more tender (6.63 and 

6.19 for USDA Choice and USDA Select, respectively), had lower scores of connective tissue 

amount (6.13 and 5.83 for USDA Choice and USDA Select, respectively), and lower WBSF 

values (2.15 and 2.76 for USDA Choice and USDA Select, respectively). Gruber, Tatum, 

Scanga, Chapman, Smith and Belk (2006) also observed lower values of WBSF in USDA 

Choice grade PM compared to USDA select grade. Likewise, Jones and Tatum (1994) showed a 

positive correlation between marbling and muscle fiber tenderness. Conversely, Wheeler, 

Shackelford, and Koohmaraie (1999) showed similar tenderness comparing top USDA Choice 

and low USDA Select Longissimus thoracis aged 14 d. In our study, USDA Choice grade PM 

steaks had the most desirable values of tenderness and shear force when compared to USDA 

Select. Overall, feeding WDGS did not alter sensory attributes of muscles when steaks were not 

subjected to retail display. Results of this study showed that oxidation increased when steaks 

were displayed for 7 d and Calkins and Buford (2005) reported that steaks displayed for 3 d had 

greater off-flavor intensity and less flavor preference when compared to 1-d displayed steaks. 
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Therefore, if steaks used in this experiment had been subjected to retail display, results of 

sensory evaluation may have been different due to greater oxidation. 

 COLOR  

 Dietary treatment and USDA quality grade did not affect PM objective color (P ≥ 0.05). 

However, an expected main effect of display day affected beef color. Smith, Morgan, Sofos and 

Tatum (1996) reported that the estimated retail case life of PM is 1 day. In this study, L* and a* 

started dropping after the first day of display. Regarding the surface discoloration, there was a 

three way interaction among dietary treatment, quality grade, and day (Figure 5). On day 4, 

USDA Choice and USDA Select PM steaks from steers fed 30% WDGS as well as USDA Select 

steaks from cattle fed 15% WDGS had greater discoloration than other steaks. During day 5 and 

6, USDA Choice steaks from cattle fed 30% had the greatest discoloration compared to others. 

At the conclusion of the display period, the same steaks that hadgreater discoloration at day 4 

had the greatest discoloration at day 7. It has been known that when beef is stored under normal 

atmosphere (permeable film) there is a positive relationship between lipid oxidation and color 

pigment oxidation (Arnold, Arp, Scheller, Williams and Schaefer, 1993). As we noted 

previously, time influenced lipid oxidation, with TBA values increasing during the display 

period. Extended display time increases beef exposure to oxidants. Oxidative radicals are interact 

with each other increasing oxidation. Thus, detrimental effects on color may be observed as 

oxidation occurs. Feeding WDGS led to higher PUFA when compared to corn. This likely 

contributed to the greater discoloration of USDA Choice-grade steaks from steers fed 30 and 

15% WDGS and USDA Select grade-steaks from steers fed 30% WDGS. 

For INF, an interaction between aging and day of display (P < 0.01) was observed in all 

objective color attributes. Aged 42 d-steaks had lower lightness (L*) and redness (a*) values 
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than steaks aged 7 d. Feeding 15% WDGS led to greater b* values when compared to 0%. 

(11.60b, 12.51a, and 12.00ab for 0, 15, and 30% WDGS respectively). Also, there was an 

interaction among dietary treatment, aging, and display day for discoloration (P < 0.01) (Figure 

6).  The INF steaks, aged 42 d had greater discoloration than 7 d-aged steaks from day 2 to day 5 

of the display period.  After this period, similar discoloration patterns were observed in all 

steaks. 

 For LD, results of main effects and interactions on objective color and subjective 

discoloration are presented in Table 6. For L*, interactions among grade, day, and aging, and 

among dietary treatment, grade, and aging were observed (P = 0.01). For a* and b*, four way 

interactions among all main effects were observed. In most of cases, four way interactions are 

difficult to interpret, but in this case, aging and day were significant when compared to dietary 

treatment, which was not individually significant. Thus, it appears that effects of day and aging 

on lower values of a* are greater than effects of grade and dietary treatment. Similar interactions 

were observed when analyzing surface discoloration. For this attribute all individual factors 

showed significance or trend values (P = 0.03, 0.07, < 0.01, and < 0.01 for dietary treatment, 

grade, day, and aging respectively). Therefore, regarding surface discoloration, levels up to 30% 

of WDGS represent a risk to color stability and surface discoloration. Roeber, Gill and 

DiCostanzo (2005) reported that moderate levels of WDGS (10 to 25% WDGS) could be added 

into finishing diets without causing any problems on color stability. In our study, levels from 15 

to 30% led to greater surface discoloration in beef when compared to corn. 

CONCLUSION 

 Feeding levels up to 30% of WDGS to steers during the finishing period did not alter 

proximate composition and marbling. When steaks were not subjected to retail display, feeding 
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WDGS did not alter attributes. However, inclusion of WDGS increased trans fatty acids and 

PUFA. The increase of PUFA resulted in higher oxidation of beef during retail display and 

higher surface discoloration. Future research related to the use of anti-oxidants to minimize lipid 

oxidation of beef from animals fed WDGS should be conducted. 
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Table 1. WDGS finishing diets effects on marbling and fat content of the ribeye (Longissimus thoracis). 

 Dietary treatmentsa  Effectsb 

Attributes 0 15 30 P-value Linear quadratic 

Marbling scoreb Small20 Small22 Small30 0.89 0.86 0.90 
Marbling texturec 1.67 1.87 1.77 0.70 0.72 0.91 
Marbling distributiond 1.17 1.08 1.07 0.36 0.61 0.34 
Fat, % 5.00 6.22 5.73 0.22 0.63 0.41 
a Wet distiller’s grains plus solubles (%, DM basis). 
b Linear and quadratic response to WDGS level.  
cSmall = 400 - 499. 
d Fine = 1, Medium = 2, Coarse = 3. 
e Even = 1, Uneven = 2. 
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Table 2. Weight percentage of fatty acids1 and fat content of striploin steaks (Longissimus thoracis) from steers fed 
wet distiller’s grains plus solubles (WDGS) finishing diets. 

 Dietary treatments2  Effects3 

Fatty acid 0 15 30 P-value Linear Quadratic 

6:0 0.02 0.02 0.03 0.46 0.34 0.93 
10:0 0.02 0.03 0.02 0.33 0.15 0.96 
12:0 0.03 0.04 0.04 0.88 0.53 0.50 
14:0 2.75 2.75 2.77 0.99 0.82 0.79 
14:1(n-5) 0.74 0.67 0.68 0.41 0.09 0.40 
15:0 0.52 0.54 0.50 0.52 0.07 0.23 
iso16:0 0.68a 0.56b 0.65a 0.05 0.98 0.36 
16:0 24.14 24.08 24.33 0.81 0.72 0.98 
16:1(n-7) 3.46a 2.97b 2.81b <0.01 <0.01 0.13 
17:0 1.47 1.60 1.43 0.10 0.12 0.03 
iso18:0 0.44ab 0.37b 0.50a 0.04 0.16 0.05 
17:1(n-7) 1.26a 1.21a 1.03b <0.01 <0.01 0.14 
18:0 13.02 13.64 13.28 0.44 0.99 0.47 
18:1t 3.15b 4.38a 4.90a <0.01 <0.01 0.54 
18:1(n-9) 36.89 37.82 36.35 0.46 0.09 0.49 
18:1(n-7) 1.83a 1.56b 1.44c <0.01 <0.01 0.12 
19:0 0.1 0.1 0.1 0.79 0.53 0.73 
18:2(n-6) 2.19c 3.25b 4.15a <0.01 <0.01 0.58 
18:2t 0.02 0.04 0.04 0.24 0.37 0.61 
20:0 0.09 0.10 0.13 0.13 0.18 0.53 
18:3(n-3) 0.25 0.24 0.26 0.49 0.17 0.71 
20:1(n-9) 0.51 0.53 0.50 0.82 0.98 0.49 
20:3(n-6) 0.28 0.25 0.29 0.30 0.14 0.25 
20:4(n-6) 0.82 0.82 0.68 0.16 0.80 0.15 
22:4(n-6) 0.17a 0.07b 0.09ab 0.04 0.29 0.27 
22:5(n-3) 0.29a 0.23b 0.26ab 0.05 0.29 0.16 
Others 4.62a 2.06b 2.34b 0.02 0.37 0.30 
Total Trans 3.17b 4.43a 4.94a <0.01 <0.01 0.53 
PUFA 4.23b 4.91b 6.15a <0.01 <0.01 0.60 
SFA 43.30 43.86 43.79 0.63 0.81 0.59 
Omega 3 0.62 0.52 0.55 0.21 0.19 0.44 
Omega 6 3.81c 4.53b 5.71a <0.01 <0.01 0.69 
Omega6:Omega3 6.52c 9.04b 10.89a <0.01 <0.01 0.89 
1 Weight percentage values are relative proportions of all peaks observed by Gas Chromatography. 
2 Wet distiller’s grains plus solubles (%, DM basis). 
3Linear and quadratic response to WDGS level.  
a,b,c Means in the same row having different superscripts are significant at P ≤ 0.05 level. 
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Table 3. Weight percentage of fatty acids1 and fat content of top blade steaks (Infraspinatus) from steers fed wet 
distiller’s grains plus solubles (WDGS) finishing diets. 

 Dietary treatments2  Effects3 

Fatty acid 0 15 30 P-value Linear Quadratic 

6:0 0.08 0.08 0.08 0.67 0.63 0.44 
10:0 0.04 0.05 0.03 0.60 0.69 0.36 
12:0 0.05 0.04 0.04 0.60 0.42 0.54 
14:0 2.53 2.46 2.54 0.74 0.90 0.44 
14:1(n-5) 0.71 0.60 0.62 0.16 0.14 0.23 
15:0 0.49 0.48 0.47 0.90 0.64 0.96 
iso16:0 0.69 0.68 0.58 0.40 0.23 0.55 
16:0 22.17 22.21 22.64 0.42 0.24 0.55 
16:1(n-7) 3.26a 2.94b 2.69b <0.01 <0.01 0.84 
17:0 1.56 1.62 1.51 0.63 0.72 0.37 
iso18:0 0.47 0.48 0.54 0.55 0.30 0.73 
17:1(n-7) 1.42a 1.33a 1.04b 0.02 <0.01 0.36 
18:0 13.43 13.79 13.25 0.73 0.81 0.46 
18:1t 2.96b 3.41b 4.86a <0.01 <0.01 0.08 
18:1(n-9) 40.72a 39.68a 37.57b 0.003 <0.01 0.46 
18:1(n-7) 2.11a 1.93b 1.67c <0.01 <0.01 0.39 
19:0 0.04 0.05 0.06 0.28 0.11 0.98 
18:2(n-6) 2.76c 3.63b 4.43a <0.01 <0.01 0.91 
18:2t 0.10 0.09 0.10 0.14 0.36 0.08 
20:0 0.07 0.07 0.08 0.76 0.57 0.64 
18:3(n-3) 0.20 0.21 0.21 0.23 0.09 0.92 
20:1(n-9) 0.57 0.54 0.60 0.08 0.32 0.04 
20:3(n-6) 0.25 0.28 0.28 0.65 0.47 0.55 
20:4(n-6) 0.75 0.79 0.79 0.89 0.69 0.80 
22:4(n-6) 0.14 0.15 0.12 0.23 0.47 0.90 
22:5(n-3) 0.25 0.24 0.24 0.76 0.54 0.86 
Others 2.22 2.06 2.90 0.29 0.80 0.66 
Total Trans 5.12b 5.37b 6.41a <0.01 <0.01 0.08 
PUFA 4.37b 5.33ab 6.09a <0.01 <0.01 0.81 
SFA 41.63 42.04 41.90 0.88 <0.01 0.81 
Omega 3 0.45 0.45 0.45 0.99 0.98 0.95 
Omega 6 3.91b 4.84a 5.62a <0.01 <0.01 0.84 
Omega6:Omega3 8.59c 10.61b 12.74a <0.01 <0.01 0.94 
1 Weight percentage values are relative proportions of all peaks observed by Gas Chromatography. 
2 Wet distiller’s grains plus solubles (%, DM basis). 
3Linear and quadratic response to WDGS level.  
a,b,c Means in the same row having different superscripts are significant at P ≤ 0.05 level. 
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Table 4. Weight percentage of fatty acids1 and fat content of tenderloin steaks (Poas major) from steers fed wet 
distiller’s grains plus solubles (WDGS) finishing diets. 

 Dietary treatments2  Effects3 

Fatty acid 0 15 30 P-value Linear Quadratic 

6:0 0.10 0.10 0.11 0.58 0.56 0.39 
10:0 0.04 0.03 0.04 0.22 0.99 0.08 
12:0 0.05 0.04 0.05 0.36 0.52 0.20 
14:0 2.77 2.66 2.57 0.34 0.14 0.95 
14:1(n-5) 0.69a 0.59ab 0.55b 0.03 <0.01 0.65 
15:0 0.55 0.53 0.52 0.70 0.44 0.76 
iso16:0 0.70 0.65 0.69 0.83 0.94 0.54 
16:0 23.99 23.79 23.66 0.65 0.36 0.90 
16:1(n-7) 2.86a 2.46b 2.15c <0.01 <0.01 0.68 
17:0 1.58 1.65 1.52 0.40 0.52 0.23 
iso18:0 0.51 0.49 0.58 0.32 0.26 0.31 
17:1(n-7) 1.22a 1.12a 0.92b <0.01 <0.01 0.46 
18:0 14.57b 15.24ab 15.56a 0.03 0.01 0.57 
18:1t 3.37c 4.28b 5.23a 0.03 <0.01 0.72 
18:1(n-9) 37.27a 35.98a 33.69b <0.01 <0.01 0.46 
18:1(n-7) 1.76a 1.57b 1.41c <0.01 <0.01 0.83 
19:0 0.03 0.04 0.05 0.24 0.12 0.53 
18:2(n-6) 3.04c 3.84b 5.05a <0.01 <0.01 0.38 
18:2t 0.10 0.10 0.11 0.31 0.46 0.18 
20:0 0.10 0.11 0.11 0.21 0.09 0.59 
18:3(n-3) 0.23b 0.25b 0.28a <0.01 <0.01 0.44 
20:1(n-9) 0.51 0.53 0.54 0.49 0.25 0.75 
20:3(n-6) 0.28 0.28 0.30 0.67 0.43 0.65 
20:4(n-6) 0.88 0.85 0.98 0.53 0.42 0.44 
22:4(n-6) 0.12 0.12 0.11 0.32 0.13 0.87 
22:5(n-3) 0.28 0.25 0.28 0.56 0.83 0.30 
Others 2.34b 2.44b 2.78a 0.02 <0.01 0.35 
Total Trans 5.26b 5.94b 6.75a <0.01 <0.01 0.84 
PUFA 4.95b 5.68b 7.11a <0.01 <0.01 0.33 
SFA 46.20 46.43 46.39 0.90 0.72 0.77 
Omega 3 0.61 0.57 0.61 0.60 0.96 0.31 
Omega 6 4.33b 5.08b 6.43a <0.01 <0.01 0.37 
Omega6:Omega3 7.23c 8.98b 10.70a <0.01 <0.01 0.96 
1 Weight percentage values are relative proportions of all peaks observed by Gas Chromatography. 
2 Wet distiller’s grains plus solubles (%, DM basis). 
3Linear and quadratic response to WDGS level.  
a,b,c Means in the same row having different superscripts are significant at P ≤ 0.05 level. 
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Table 5. Interactions and main effect P- values of dietary treatments1 (T), USDA quality grade2 (G), and aging time3 (A) on sensorial attributes and Warner-

Bratzler shear force (WBSF) of LD (Longissimus dorsi),  INF (Infraspinatus), and  PM (Psoas major) from steers fed wet distillers grains plus solubles 

(WDGS). 

Muscle Attributes Interactions and single effects 

  T G T*G A T*A G*A T*G*A 

Longissimus dorsi         

 Tenderness 0.87 0.22 0.59 <0.01 0.45 0.90 0.38 

 Connective tissue 0.84 0.16 0.80 <0.01 0.34 0.98 0.40 

 Juiciness 0.37 0.15 0.09 <0.01 0.87 0.23 0.84 

 Off-flavor 0.90 0.81 0.68 0.11 0.99 0.73 0.71 

 WBSF, kg 0.22 0.17 0.89 <0.01 0.39 0.87 0.41 

         

Infraspinatus         

 Tenderness 0.64 0.92 0.93 <0.01 0.98 0.45 0.04 

 Connective tissue 0.30 0.67 0.71 <0.01 0.58 0.17 0.13 

 Juiciness 0.28 0.17 0.05 0.11 0.66 0.37 0.74 

 Off-flavor 0.02 0.99 0.33 <0.01 0.09 0.55 0.48 

 WBSF, kg 0.71 0.47 0.80 <0.01 0.47 0.26 0.49 

         

Psoas major         

 Tenderness 0.69 <0.01 0.39 NA NA NA NA 

 Connective tissue 0.51 0.04 0.34 NA NA NA NA 

 Juiciness 0.57 0.51 0.86 NA NA NA NA 

 Off-flavor 0.55 0.85 0.86 NA NA NA NA 

 WBSF, kg 0.39 0.04 0.36 NA NA NA NA 
10,15, and 30% Wet distillers grains plus solubles (DM basis). 
2Choice and Select. 
37 and 42 days. 

NA - Not applicable. 
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Table 6. Interactions and main effect P- values of dietary treatments1 (T), USDA quality grade2 (G), aging time3 (A), and retail display day4 (D) on objective 
color (L*, a*, and b*) and surface discoloration of LD from steers fed wet distillers grains plus solubles (WDGS). 

 Interactions and single effects 

 T G T*G D T*D G*D T*G*D A T*A G*A T*G*A D*A T*D*A G*D*A T*G*D*A 

L* 0.18 0.03 0.12 <0.01 0.38 0.72 0.97 0.04 0.13 0.22 0.01 <0.01 0.76 0.01 0.06 
a* 0.24 0.27 0.06 <0.01 0.45 <0.01 0.13 <0.01 0.90 0.06 0.88 <0.01 0.87 0.59 0.05 
b* 0.61 0.91 0.65 <0.01 0.28 0.52 0.75 <0.01 0.31 <0.01 0.20 <0.01 0.01 0.04 <0.01 
Discoloration 0.03 0.07 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.17 0.32 0.73 <0.01 0.01 0.16 <0.01 
10,15, and 30% wet distillers grains plus solubles (DM basis). 
2Choice and Select. 
37 and 42 days. 
47 days of display. 
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Figure 1.The relationship between fat% and marbling score for cattle fed varying levels of wet distillers grains plus 

solubles (WDGS). 
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Figure 2. TBA values (mg malonaldehyde/kg) for strip loin steaks (LD) from steers fed wet distillers grains plus 

solubles finishing diets.
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Figure 3. TBA values (mg malonaldehyde/kg) for top blade steaks (INF) from steers fed wet distillers grains plus 

solubles finishing diets.
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Figure 4. TBA values (mg malonaldehyde/kg) for tenderloin steaks (PM) from steers fed wet distillers grains plus 

solubles finishing diets.
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Figure 5. Dicoloration values (%) of USDA choice and select psoas major (PM) from steers fed wet distillers grains 

plus solubles (%) finishing diets.
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Figure 6. Dicoloration values (%) of aged 7 and 42 d infraspinatus (INF) from steers fed wet distillers grains plus 

solubles (%) finishing diets.
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Running Head: Modified wet distillers grains increases PUFA in beef. 
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ABSTRACT 

Wet distillers grains contain approximately 65% moisture.  A partially dried product 

(Modified Distillers Grains plus Solubles; MDGS) contains about 50% moisture. However, both 

have similar nutrient composition on a dry matter basis. The objective of this study was to 

investigate the effects of finishing diets varying in concentration of MDGS on marbling 

attributes, proximate composition, and fatty acid profile of beef. Yearling steers (n = 268) were 

randomly allotted to 36 pens which were assigned randomly to 0, 10, 20, 30, 40 and 50% MDGS 

(DM basis) and fed for 176 d prior harvest. Forty-eight h postmortem marbling score, marbling 

texture, and marbling distribution were assessed by a USDA grader and one ribeye slice 

(longissimus thoracis) 7 mm thick was collected from each carcass for proximate and fatty acid 

analysis. Treatments did not significantly alter marbling score or marbling distribution (P ≤ 

0.05). USDA Choice slices had greater marbling texture when compared to USDA Select. 

Although dietary treatment affected marbling texture no consistent pattern was evident. Diets did 

not influence fat content, moisture or ash of the ribeye (P ≥ 0.05). For treatments 0, 10, 30, 40 

and 50% there were linear relationships between marbling score and fat percentage in the ribeye 

(P ≤ 0.05) and all slopes were similar (P = 0.45). Feeding MDGS linearly increased stearic, 

linoelaidic, linoleic, linolenic, PUFA and ω 6 fatty acids. As levels of MDGS increased, linear 

decreases were observed in all ω 7 fatty acids and cubic relationships were detected for 

eicosenoic, elaidic and total trans fatty acids. No effects were observed on saturated fatty acids 

containing 6 to 14 carbons. Feeding MDGS resulted in increased PUFA, trans, and Omega 6 

fatty acids, minimal effects on marbling texture, and no effects on the relationship of marbling to 

intramuscular fat content relationship. 

Key words: beef, modified distillers grains, fatty acids, marbling.
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INRODUCTION 

 Over the last 10 years a significant increase in ethanol production has occurred, from 2.1 

billion gallons in 2002 to 9 billion in 2008 (Renewable Fuels Association, 2009). Consequently, 

a greater supply of distillers byproduct has been available for cattle feeding. During milling, 

starch is removed from the grain and hydrolyzed to dextrin by an α - amylase enzyme. Dextrin is 

converted in sugar, dextrose, by a glucoamylase enzyme, and yeast species such as 

Saccharomyces cerevisiae convert dextrose into ethanol and CO2 (Davis, 2001). After 

fermentation, the whole stillage is centrifuged and coarser particles generate wet distillers grains 

(WDG) or dried distillers grains (DDG). When drying, the coarser fraction usually passes 

through a rotary dryer. The liquid remaining fraction is condensed, producing solubles (S). The 

solubles may be added back to WDG or DDG to form WDGS or DDGS, respectively (Stock et 

al., 2000). Modified distillers grains plus solubles (MDGS), are obtained through partial drying 

until achieving moisture levels of 50 to 54%.  

 The final concentration of protein and fat are increased in ethanol byproducts 

(Klopfenstein et al., 2007). Research conducted at the University of Nebraska has shown that 

feeding WDGS or DDGS combined with corn improves growth, reproduction, carcass traits, and 

cattle performance (Lodge et al., 1997; Martin et al., 2007; and Corrigan et al., 2009). However, 

little research has been conducted to quantify the effects of feeding MDGS on beef quality. 

Vander Pol et al. (2009) suggested that some fat in distillers grains may be protected from rumen 

biohydrogenation, which may increase the concentration of unsaturated fatty acid at the 

duodenum. These fatty acids may be absorbed and later deposited in the lean. Therefore, the aim 

of this work was to determine the effects of feeding MDGS on the fatty acid profile of beef. 
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MATERIAL AND METHODS 

 ANIMALS, DIETS, AND SAMPLE COLLECTION 

 Yearling (n = 268) Angus crossbred steers were randomly allocated to 36 pens, which 

were assigned randomly to six treatments (Table 1) containing high-moisture, dry-rolled corn, 

and different levels of MDGS (0, 10, 20, 30, 40, or 50% MDGS - DM basis). Steers were fed 

176 d prior to slaughter and transferred to a commercial abattoir. Fourty-eight h postmortem, 

marbling attributes (score, texture, and distribution) were evaluated by a USDA beef carcass 

grading supervisor. After grading, a 7 mm-thick slice of the LM was collected at the 12th/13th rib 

region from each carcass to analyze the fatty acid profile and proximate composition.  Ribeye 

slices were transferred under refrigeration to the University of Nebraska Meat Laboratory 

trimmed of subcutaneous fat and connective tissue, vaccum packaged and stored at -35°C. Prior 

to both analyses, samples were pulverized with liquid nitrogen (- 174°C) using a blender 

(Waring Commercial, model 51BL32, Torring, CT), and stored at -80°C until the fatty acid 

analysis and proximate analysis could be completed.  

PROXIMATE AND FATTY ACID ANALYSES 

  Fatty acid profile were analized according to  Folch et al. (1957), Morrison and Smith 

(1964), and Metcalfe et al. (1966). Fatty acids were isolated from the lipid portion of the lean. 

One gram of pulverized sample was weighed out in a 40 mL conical tube and 5 mL of 2:1 

chlorofrom:methanol (v/v) was added. The sample was homogenized for 5 s and allowed to 

stand for 1 h at room temperature.  The homogenate was filtered through filter paper (Whatman 

#2) into a 13 x 150 mm screw tube, the final volume was brought to 10 mL with 

chlorofrom:methanol, and then homogenized for 5 s with 2 mL of 0.74% KCl. Samples were 

centrifuged at 1000 x g for 5 min, the top layer phase was aspirated, and tubes were dried under 

nitrogen at 60°C. After drying, samples were homogenized for 5 s with 0.5 mL of 0.5 M NaOH 
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in methanol and heated for 5 min at 100°C. Following heating, 0.5 mL of BF3 in 14% methanol 

was added into the tubes which were homogenized for 5 s and reheated at 100°C. Samples were 

homogenized with saturated salt solution and 1 mL of hexane for 5 s and centrifuged at 1000 x g 

for 5 min. After centrifuging, an aliquot of the top layer containing the fatty acid methyl esters 

was transferred to vials which were purged and capped with nitrogen prior to Gas 

Chromatography analysis (Hewlett-Packard Gas Chromatograph - Agilent Technologies, model 

6890 series, CA, USA). Individual fatty acids were separated using a capillary column 

[Chrompack CP-Sil 88 (0,25 mm x 100 m)] and identified through retention time according to 

known standards. Temperature of the oven was set to increase from 140 to 220°C at 2°C/min and 

held at 220°C for 20 min. Simultaneously, injector and detector temperatures were maintained at 

270 and 300°C, respectively, and compounds were carried by He at a flow rate of 30 mL/min. 

Values of moisture and ash (%) were quantified by a LECO Thermogravimetric Analyzer 

(LECO Corporation, model 604-100-400, MI, USA). Moisture analysis was performed on 

Nitrogen atmosphere where the ramp rate was set at 6 d/m, ramp time at 17 min, start 

temperature at 25°C, and end temperature at 130°C. Ash analysis was performed on Oxygen 

atmosphere where the ramp rate was set at 20 d/m, ramp time at 30 min, start temperature at 

130°C and end temperature at 600°C. For both moisture and ash analyses, flow rate, hold time, 

constant weight and constant weight time were set at high, 0 min, 0.05% and 9 min respectively. 

The crucible density was set at 3 and sample density at 1. Fat content was determined by ether 

extraction using the Soxhlet procedure (AOAC, 1990). Two grams of powdered samples were 

weighed out in a filter paper (Whatman #2) envelope and lipids were extracted using ether as the 

solvent. 
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Marbling, fatty acids and proximate analysis were analyzed as a complete randomized 

design where dietary treatment was the main effect. Linear and quadratic relationships were 

detected by response curves. Linear relationships between marbling and fat content were 

analyzed using the REG procedure and data were analyzed using the GLIMMIX procedure of 

SAS® (Version 9.2, Cary, N.C., 2007). When significance (P ≤ 0.05) was indicated by ANOVA, 

means separations were performed using the LSMEANS and DIFF functions. 

RESULTS AND DISCUSSION 

MARBLING ATTRIBUTES AND PROXIMATE VALUES 

Dietary treatments did not alter marbling score, marbling distribution, fat or ash(Table 2). 

A quadratic relationship was detected for moisture content. For marbling texture, there was a 

significant interaction between dietary treatment and USDA grade (P = 0.02).  Carcasses graded 

USDA Choice had significantly coarser marbling texture than USDA Select carcasses from 

steers fed  0, 10, 20, 40, and 50% MDGS. Regarding treatments, although a significant 

interaction was observed, there was no consistent pattern to indicate an optimum level of MDGS 

for marbling texture. Statistically, the individual P value of dietary treatment was 0.35 whereas 

for grade was < 0.01. Thus, it appears that feeding MDGS had minimal effects on marbling 

texture due to its individual high P value. Except for 20% MDGS, all treatments showed 

significant linear relationships between marbling score and fat content (P ≤ 0.05) (Table 3) and 

the test of common slopes revealed that all of them were similar (0.45) (Figure 1).  

As described previously, MDGS is very low in starch. When feeding grain, more 

propionate is produced in the rumen. The propionate can be converted to glucose and is 

correlated to marbling deposition (Smith and Crouse, 1984). Feedstuffs that are low in starch and 

contain more fiber are used in the rumen to yield more acetate, which is a precursor for 
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subcutaneous fat deposition (Smith and Crouse, 1984).  Modified wet distillers grains plus 

solubles contain more protein, fat, and fiber compared to corn (Klopfenstein et al., 2007). 

Therefore, we would expect significant differences in marbling through feeding MDGS. 

However, this study showed that levels up to 50% did not alter marbling attributes. Similar 

results were observed by Larson et al. (1993) and Lodge et al. (1997) when feeding wet distillers 

grains regarding quality grade. Vander Pol et al. (2009) showed that feeding distillers grains 

stimulated greater propionate production in the rumen than corn. They attribute this effect to the 

soluble. Corrigan et al. (2009) also showed that the inclusion of 40% of WDGS in diets 

containing dry rolled corn, high moisture corn, and steam-flaked corn led to higher levels of 

propionate and a lower acetate:propionate ratio in the rumen when compared to diets with no 

addition of WDGS. Additionally, Russell (1998) showed that disitillers byproducts may change 

the ruminal pH, which influence the ratio of acetate:propionate.  

Klopfenstein et al. (2008), summarizing different experiments, showed quadratic 

responses of ADG, G:F, and DMI as levels of WDGS increased in feedlot diets. Likewise, our 

experiment showed a quadratic relationship for fat content with optimal levels varying from 20 

to 40%. Feeding levels above 45% may compromise HCW and ribeye area (Depenbush et al., 

2009). It seems that optimal levels of distillers grains in diets vary from 20 to 40%. 

 FATTY ACIDS 

 Individual fatty acid proportions are presented in Table 4. Feeding MDGS did not affect 

proportions of hexanoic (6:0), decanoic (10:0), lauric (12:0), myristic (14:0), isostearic (iso 

18:0), homogamma linolenic (20:3, ω 6) and arachidonic (20:4, ω 6) fatty acids. 

 As levels of MDGS increased, a linear decrease of myristoleic (14:1, ω 5), pentadecanoic 

(15:0), palmitic (16:0), heptadecanoic (17:0), oleic (18:1, ω 9), and docosapentaenoic (22:5, ω 3)  
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was observed (Table 4). Similar pattern was observed in all ω 7 fatty acids. On the other hand, a 

linear increase in stearic (18:0), elaidic (18:1 trans), linoleic (18:2, ω 6), linolenic (18:3, ω 3), 

nonadecanoic (19:0), and eicosanoic (20:0) was observed as levels of MDGS increased in the 

diets. Similarly, CLA 18:2, cis 9, trans 11 increased linearly in the muscle as diets contained 

higher levels of byproduct. 

 Values of isopalmitic (iso 16:0) differed among the treatments (P < 0.01) and a quadratic 

trend was observed as MDGS levels increased (P = 0.09). For linoelaidic (18:2 trans), a 

quadratic relationship was detected due to a slight decrease of this fatty acid in beef from animals 

fed 50% MDGS. Although there was no difference among the treatments for CLA 18:2, trans 10, 

cis 12, a quadratic response in order of the increase of MDGS were observed.  Looking at total 

trans proportions, a cubic relationship was highly significant. However a quadratic response 

explained better the responses of total trans fatty acids to MDGS. Cubic relationships were 

observed for eicosenoic (20:1, ω 9), and total SFA, however, treatments did not statistically 

differ in SFA. As levels of MDGS increased, proportions of PUFA and ω 6 fatty acids linearly 

increased. No effects of dietary treatment were observed in proportions of ω 3 fatty acids. 

 Lipids are biohydrogenated  in the rumen by microbial lipases produced by bacteria 

releasing the fatty acids (Jenkins, 1993). Likely, the effects of MDGS inclusion in finishing diets 

on fatty acids proportions in this work are due to the greater amount of fatty acids from this 

feedstuff that are  biohydrogenated in the rumen (Vander Pol et al., 2009). It has been known that 

fatty acids reaching the duodenum are originated directly from diets and microbial 

transformation (Jenkins et al. 2008). After lipid hydrolyzation, unsaturated fatty acids are 

converted to SFA through isomerization forming trans fatty acids intermediates including CLAs, 

which have their double bonds hydrogenated (Harfoot and Hazlewood, 1988). This explains the 
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higher levels of total trans fatty acids in beef from animals fed 30 to 50% MDGS since the 

conversion of the linoleic at the beginning of the hydrogenation may be increased due to high 

digestibility of MDGS fat when compared to other fat sources. Additionally, Chin et al. (1992) 

affirmed that one of the most important CLA sources is lipid from ruminants. However in this 

work, very small proportions of CLA were found in the muscle. This is due to sample 

preparation which removed all subcutaneous fat.  Jiang et al. (2010) showed that CLAs are found 

in greater proportions in subcutaneous than intramuscular fat, therefore, lower values of CLAs in 

samples containing only lean tissue would be expected. As discussed previously, the fat 

digestibility of this feedstuff is higher than corn, generating larger proportions of intermediates 

such as the CLA 18:2, cis 9, trans 11 during biohydrogenation. French et al. (2000) showed that 

the absorption of CLA from the gastrointestinal tract and amount of linoleic acid at the 

duodenum may affect the CLA absorption through changing the growth and activity of 

Butyrivibrio fibrisolvenses. This would explain a linear increase of this fatty acid in beef from 

animals fed 50% MDGS. Additionally, beef from cattle fed high fiber has higher CLA 

concentration when compared to corn (French et al., 2000). This is in agreement with feeding 

MDGS, which contain more fiber than corn. Linoleic and linolenic acids are the main UFA in 

ruminat diets (Woods and Fearon, 2009). During biohydrogenation, Wood et al. (1963) observed 

that after 48 h in the rumen, linoleic acid is converted to stearic (46%), oleic or elaidic (33 to 

50%), and 3 to 6% remained as linoleic. Additionally, Ward et al. (1964) reported that linolenic 

acid is rapidly hydrogenated in the rumen environment, generating linoleic, oleic and stearic 

acids. They reported that 93% of all intermediate linoleic acid is converted to stearic and a small 

accumulation of elaidic acid can be found. In this work, all these three fatty acids increased 

linearly in lean tissue as levels of MDGS increased indicating that this conversion was optimized 
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by feeding higher levels of MDGS. Vander Pol et al. (2009) found higher proportions of elaidic, 

oleic, and linoleic reaching the duodenum in WDGS fed cattle when compared to corn fed. The 

absorption of these fatty acids depends of the surface area of bile salt micelles, which may be 

enhanced by the presence of unsaturated fatty acids (Zinn et al., 2000). This explains the linear 

increase in PUFA, ω 6, and ω 6: ω 3 ratio as levels of MDGS increased in finishing diets. Lock 

et al. (2005) affirmed that the digestibility of fatty acids decreases as chain length and number of 

double bonds increase. In the present study, a linear decrease of docosapentaenoic acid was 

observed as MDGS levels increased.  

 Regarding the ω 7 fatty acids, it appears that the higher digestibility of MDGS fat when 

compared to corn may have altered the biohydrogenation pathways decreasing the ability of the 

rumen bacteria to reduce these fatty acids. Consequently, the absorption and transportation of 

these fatty acids from the small intestine to the lean did not occur to the same extent as when 

animals are corn-fed. 

 Results and trends presented in this study regarding decanoic, lauric, myristic, 

pentadecanoic, palmitoleic, heptadecanoic, linoleic, CLA 18:2, cis 9, trans 11, total PUFA, and 

ω 6: ω 3 ratio are similar to results presented by Depenbush et al. (2009). Additionally, similar 

results regarding ω 6 and omega 6:omega 3 were found by Gill et al. (2008) when comparing 

distillers grains to steam-flaked corn. Apparently, corn based distillers grains affect the fatty acid 

profile of beef differently compared to wheat-based distillers grains. Shand et al. (1998) found no 

effect on fatty acid profile in beef when feeding wheat-based distillers grains and wet brewers 

grains compared to corn, possibly due to the lower fat concentration of wheat (27%) when 

compared to corn (47%). 
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 Higher levels of PUFA may imply that beef from cattle fed MDGS has an improved fatty 

acid profile from a human nutritional perspective. Woods and Fearon (2009) reported that 

unsaturated fatty acids may reduce risks of cardiovascular diseases, some cancers, asthma, and 

diabetes. However, PUFA are more easily oxidized than saturated fatty acids due to their double 

bonds, which are weaker than single bonds (Zhang et al., 2007). Lipid oxidation in beef stored or 

displayed under presence of O2 is linearly correlated to color pigment oxidation (Arnold et al., 

1993). Lipid and pigment oxidation may be increased by extended display periods, which limits 

the shelf life due detrimental effects on beef color (Houben et al., 2000).  Higher lipid oxidation 

may also compromise beef flavor due to the increase of rancid off-flavor (Jakobsen and 

Bertelsen, 2000). 

 A increase of total trans fatty acids in beef from animals fed higher levels of MDGS was 

observed in this study. Grundy (1994) and Semma (2002) presented results where trans fatty 

acids and palmitic acid increased the low density lipoprotein (LDL) cholesterol and decreased 

the high density lipoprotein (HDL) cholesterol in human blood. Gould et al. (1998) showed that 

LDL cholesterol may harm human health through the development of arthrosclerosis and 

subsequent coronary heart disease. However, Wahle et al. (2004) presented a series of studies 

reporting health benefits of CLAs such as anti-cancer, anti-atherosclerosis, anti-inflammatory, 

and anti-obesity properties, as well as capacity of enhancing antibody formation. In the present 

study, a linear increase of CLA 18:2, cis 9, trans 11 and a decrease of palmitic acids was 

observed as MDGS increased in the diets which improved the nutritional content of beef from a 

fat perspective. The increase of stearic acid in beef as MDGS increased in the diets does not 

represent a potential risk for human health since this fatty acid does not or minimally affects total 

cholesterol (Kris-Etherton et al., 1993; Judd et al., 2002). 
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 The decrease of cis vaccenic has known importance for human health (Burdge and 

Wooton, 2002). However, Jenschke et al. (2007), showed that there is a negative relationship 

between beef liver off-flavor and levels of cis vaccenic. Therefore, lower levels of this fatty acid 

may affect beef palatability. 

 In this study we observed higher proportion of ω 6 fatty acids, and ω 6: ω3 ratio in beef 

from steers fed MDGS when compared to beef from corn-fed cattle. Simopoulos (2002) 

suggested that elevated levels of these fatty acids and elevated ratio may cause cardiovascular 

disease, cancer, inflammatory and autoimmune diseases. This could be minimized by higher 

levels of ω 3, but no changes in these fatty acids were observed. 

CONCLUSION 

 Feeding MDGS increased PUFA, CLA 18:2, cis 9, trans 11  total trans, ω 6 fatty acids, ω 

6: ω 3 ratio and decreased palmitic acid in beef. Athough the increase of PUFA may decrease 

lipid stability in meat, the change in fatty acid profile caused by feeding MDGS does not 

represent a risk to human health. 
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Table 1. Dietary treatments composition (%DM basis). 

 Treatments (% MDGS) 

Ingredients 0 10 20 30 40 50 

Dry rolled corn 41.25 38.75 33.75 28.75 23.75 18.75 
High moisture corn 41.25 38.75 33.75 28.75 23.75 18.75 
MDGS 0 10 20 30 40 50 
Alfalfa 7.5 7.5 7.5 7.5 7.5 7.5 
Molasses 5 0 0 0 0 0 
Mineral and vitamin supplement 5 5 5 5 5 5 



 
 

 
 

1
3
1 

Table 2. Marbling attributes and proximate values of ribeye slices (Longissiumus thoracis) from steers fed modified distillers grains plus solubles 

(MDGS, %). 

 Dietary treatments (%MDGS – DM basis) S.E.M.
1
 P - value Contrasts

2
 

Attributes and prox. values 0 10 20 30 40 50   Linear Quadratic Cubic 

Marbling score3 Slight93 Slight93 Small02 Small01 Slight95 Slight93 6.09 0.76 0.13 0.14 0.93 
Marbling distribution4 1.12 1.20 1.13 1.17 1.22 1.21 0.06 0.71 0.12 0.83 0.76 
Marbling texture5 Choice 1.74Aa 1.65Aa 1.67Aa 1.42B 1.91Aa 1.44Ba 0.09 0.02* 0.41 0.91 0.14 
Marbling texture5 Select 1.11b 1.23b 1.18b 1.24 1.08b 1.15b 0.09 0.02* 0.75 0.37 0.36 
Fat, % 7.43 7.95 8.68 8.61 8.11 8.03 0.39 0.18 0.67 0.02 0.65 
Moisture, % 71.58 71.09 70.52 70.38 70.91 71.19 0.30 0.06 0.74 <0.01 0.95 
Ash, % 1.72 1.67 1.85 1.79 1.67 1.56 0.11 0.57 0.50 0.19 0.48 
1Standard error of the mean. 
2Linear, quadratic, and cubic responses to MDGS level. 
3Slight = 300, and Small = 400. 
4Even = 1, Uneven = 2. 
5Fine =1, Medium = 2, Coarse = 3. 
A,BMeans in the same row having different superscripts are significant at P = 0.02 within marbling texture. 
a,bMeans in the same column having different superscripts are significant at P = 0.02 within marbling texture. 
*P - value for the interaction between dietary treatment and USDA quality grade. 
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Table 3. Linear relationships between marbling and fat content (%) ribeye slices (Longissiumus thoracis) 

from steers fed modified distillers grains plus solubles (MDGS, %). 

Treatments (% MDGS, DM basis) Marbling equations P - value R
2
 

0 306.47 + 12.49 fat <0.01 0.18 
10 258.48 + 17.01 fat <0.01 0.30 
20 348.57 + 8.39 fat 0.10 0.07 
30 310.60 + 9.51 fat <0.01 0.19 
40 293.00 + 12.26 fat <0.01 0.21 
50 326.45 + 6.86 fat 0.04 0.10 
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Table 4. Weight percentage of fatty acids
1
 of ribeye slices (Longissimus thoracis) from steers fed modified distillers grains plus solubles (MDGS, %). 

 Dietary treatments (%MDGS – DM basis) S.E.M.
2
 P- value Contrasts

3
 

Fatty Acid 0 10 20 30 40 50   Linear Quadratic Cubic 

6:0 - hexanoic 0.22 0.22 0.18 0.20 0.20 0.21 0.02 0.48 0.95 0.34 0.84 
10:0 - decanoic 0.005 0.01 0.01 0.02 0.02 0.01 0.004 0.15 0.16 0.26 0.99 
12:0 - lauric 0.02 0.02 0.02 0.03 0.03 0.02 0.006 0.84 0.73 0.87 0.32 
14:0 - myristic 3.34 3.36 3.25 3.21 3.20 3.15 0.07 0.18 <0.01 0.99 0.83 
14:1(ω 5) - myristoleic 0.93a 0.83b 0.77bc 0.77bc 0.75bc 0.71c 0.03 <0.01 <0.01 0.04 0.19 
15:0 - pentadecanoic 0.55ab 0.57a 0.54ab 0.51bc 0.52bc 0.49c 0.01 <0.01 <0.01 0.64 0.37 
iso16:0 - isopalmitic 0.54ab 0.55a 0.42c 0.44bc 0.43c 0.49abc 0.04 <0.01 0.22 0.09 0.42 
16:0 - palmitic 26.00a 25.46b 25.15b 24.38c 24.39c 24.45c 0.18 <0.01 <0.01 0.02 0.27 
16:1(ω 7) - palmitoleic 3.37a 3.12b 2.82c 2.76cd 2.56de 2.45e 0.07 <0.01 <0.01 0.07 0.58 
17:0 - heptadecanoic 1.45a 1.48a 1.44a 1.29b 1.28b 1.25b 0.03 <0.01 <0.01 0.30 0.01 
17:1(ω 7) - heptadecenoic 1.16a 1.10a 0.98b 0.89c 0.82dc 0.78d 0.02 <0.01 <0.01 0.28 0.31 
Iso18:0 - isostearic 0.30 0.34 0.29 0.32 0.32 0.35 0.02 0.46 0.06 0.55 0.45 
18:0 - stearic 12.55d 13.44c 13.92cb 14.21b 14.34b 15.10a 0.25 <0.01 <0.01 0.31 0.13 
18:1 trans - elaidic 4.43d 4.96d 6.26c 6.61c 8.39a 7.48b 0.30 <0.01 <0.01 0.04 <0.01 
18:1(ω 9) - oleic 36.45a 35.76ab 34.15bc 34.01c 32.76c 32.86c 0.63 <0.01 <0.01 0.25 0.62 
18:1(ω 7) - cis vaccenic 2.33a 1.95b 1.76bc 1.59c 1.59c 1.33d 0.09 <0.01 <0.01 0.12 0.11 
18:2 trans - linoelaidic 0.06c 0.07bc 0.10a 0.11a 0.12a 0.09ab 0.01 <0.01 <0.01 0.01 0.16 
18:2(ω 6) - linoleic 3.13d 3.92c 4.29c 4.85b 5.07b 5.64a 0.15 <0.01 <0.01 0.28 0.33 
CLA 18:2, cis 9, trans 11 0.000c 0.000c 0.004c 0.01c 0.02b 0.04a 0.005 <0.01 <0.01 0.55 0.68 
CLA 18:2, trans 10, cis 12 0.000 0.002 0.003 0.006 0.007 0.004 0.002 0.26 0.03 0.002 0.59 
18:3(ω 3) - linolenic 0.17b 0.19ab 0.20a 0.20ab 0.21a 0.22a 0.01 0.02 <0.01 0.51 0.26 
19:0 - nonadecanoic 0.005b 0.003b 0.02ab 0.03a 0.03a 0.03a 0.006 <0.01 <0.01 0.92 0.56 
20:0 - eicosanoic 0.02b 0.04ab 0.06a 0.05ab 0.06a 0.06a 0.009 0.02 0.02 0.08 0.73 
20:1(ω 9) - eicosenoic 0.50a 0.44b 0.50a 0.52a 0.51a 0.48ab 0.02 0.05 0.62 0.36 0.02 
20:3(ω 6) - homogamma linolenic 0.13 0.13 0.13 0.15 0.13 0.15 0.02 0.74 0.29 0.99 0.82 
20:4(ω 6) - arachidonic 0.53 0.60 0.48 0.50 0.51 0.58 0.04 0.23 0.45 0.16 0.14 
22:5(ω 3) - docosapentaenoic 0.05a 0.04ab 0.02bc 0.02bc 0.01c 0.01c 0.009 <0.01 <0.01 0.10 0.90 
1Weight percentage values are relative proportions of all peaks observed by Gas Chromatography. 
2Standard error of the mean. 
3Linear, quadratic, and cubic responses to MDGS level. 
a,b,c,dMeans in the same row having different superscripts are significant at P ≤ 0.05. 
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Table 5. Weight percentage of fatty acids
1
 groups of ribeye slices (Longissimus thoracis) from steers fed modified distillers grains plus solubles (MDGS, 

%). 

 Dietary treatments (%MDGS – DM basis) S.E.M.
2
 P - value Contrasts

3
 

Fatty Acids 0 10 20 30 40 50   Linear Quadratic Cubic 

SFA 45.02 45.51 45.33 44.71 44.84 45.63 0.31 0.20 0.68 0.47 0.02 
PUFA 4.08d 4.95c 5.24c 5.85b 6.08b 6.71a 0.18 <0.01 <0.01 0.46 0.27 
Total trans 4.49d 5.03d 6.37c 6.73c 8.53a 7.59b 0.30 <0.01 <0.01 0.03 <0.01 
ω 3 0.22 0.23 0.23 0.22 0.23 0.23 0.02 0.99 0.90 0.71 0.36 
ω 6 3.80d 4.65c 4.90c 5.50b 5.72b 6.37a 0.18 <0.01 <0.01 0.55 0.28 
ω 6: ω 3 16.07d 19.20c 21.08bc 22.89ab 23.22ab 25.03a 0.85 <0.01 <0.01 0.06 0.59 
1Weight percentage values are relative proportions of all peaks observed by Gas Chromatography. 
2Standard error of the mean. 
3Linear, quadratic, and cubic responses to MWDGS level. 
a,b,c,dMeans in the same row having different superscripts are significant at P ≤ 0.05. 
 

 



135 
 

Figure 1. Relationship between intramuscular fat and marbling score from steers fed modified distillers 

grains plus solubles (MDGS, %).
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ABSTRACT 

The aim of this study was to investigate the fatty acid profile of those muscles from steers 

fed 0 or 40% DM basis Wet distillers grains plus soluble (WDGS) (DM basis) with or without 

500 I.U. of vitamin E (E) /head/d for 100 d prior harvesting. Thirty-two steers were allocated to 4 

treatments: Corn (0% WDGS), Corn (0% WDGS) + E, 40% WDGS, or 40% WDGS + E. After 7 

d of aging, the TER muscle was excised from both shoulder clods (n = 2) and the INF muscle 

was excised randomly from one shoulder clod, right or left (n = 1). Fatty acids were analyzed for 

raw TER and INF, broiled TER and INF, and grilled INF. Feeding WDGS and E did not alter 

intramuscular, moisture, and ash contents for either TER or INF independently of cooking state. 

Raw samples had higher values of moisture and when compared to cooked samples (P ≤ 0.05). 

However, fat content values of raw and cooked INF steaks were similar (P > 0.05). Regarding 

individual fatty acids, no effects of the interaction between dietary treatment and cooking state 

was observed. For TER, cooking effect (P ≤ 0.05) was observed in proportions of iso 16:0, 16:0, 

iso 18:0, 18:0, 18:1(ω 9), 18:1(ω 6), 20:4(ω 6), 22:4(ω 6), 22:5(ω 3), total saturated (SFA), total 

monounsaturated (MUFA), total polyunsaturated (PUFA), ω 6, and ω 3 fatty acids. For INF, 

except ω 3, cooking affected (P ≤ 0.05) the same fatty acids proportions plus 16:1(ω 7), 17:0, 

20:0, 20:3 (ω 6). Feeding WDGS significantly increased (P ≤ 0.05) proportions of PUFA, total 

trans, ω 6, and ω 6: ω 3, and decreased (P ≤ 0.06) proportions of all ω 7 fatty acids in all raw and 

cooked muscles. Raw TER from steers supplemented with E had lower ω 6: ω 3 when compared 

to TER from non-supplemented steers. Feeding WDGS increased total trans and PUFA in TER 

and INF and E supplementation led to lower ω 6:ω 3 in the lean. 

Index terms: Distillers Grains, Fatty Acids, PUFA.  
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INTRODUCTION 

 Some years ago, it has been observed a small price increase in traditional yielding steak 

cuts from beef ribs and loins, and a higher price decrease in chucks, rounds and trimmings (Von 

Seggern et al. 2005). Grueber et al. (2006) showed the Warner-Braztler Shear Force (WBSF) 

values of some muscles from the chuck such as the Teres major (TER) and the Infraspinatus 

(INF) were numerically similar to the muscle Psoas major WBSF values. Von Seggern et al. 

(2005), conducting an extensive work to characterize muscles from the chuck and round 

observed that the TER and the INF had intermediate fat content values (5 - 10 %) and lower 

values of WBSF when compared to other steak cuts, independently if moist or dry cooked. It has 

been showed that beef tenderness is the most important factor for determining steak acceptance 

and fat content essentially contributes to flavor development (Platter et al., 2003; Calkins and 

Hodgen, 2007). Therefore, the TER and the INF, underutilized in the past, were upgraded by the 

beef industry due to their tenderness and fat traits. Consumers then, accepted these cuts as steaks 

instead of roasts, which added value to the beef chuck (Kukowski et al., 2005). 

 However, although those muscles had their popularity increased in restaurants and 

grocery stores, no studies were conducted to analyze their chemical attributes in response of 

animal feeding. According to the USDA (2009), Nebraska, Texas, and Kansas produce 60% of 

beef in the U. S. Nebraska and Kansas are located in the Midwest where including ethanol 

byproducts is a common practice in finishing cattle diets due to the considerable expansion of the 

fuel industry (Gilbery et al., 2006; Martin et al., 2007; Jenschke et al. 2008). Although studies 

showed effects of feeding byproducts on fatty acids profile of beef (de Mello, Jr. et al. 2007; Gill 

et al. 2008; Depenbush et al. 2009), none the studies tested upgraded beef cuts such as TER and 

INF. The objective of this study was to determine the effects of finishing diets containing Wet 
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Distillers Grains plus Solubles (WDGS) and vitamin E supplementation on proximal 

composition and fatty acid profile of raw and cooked TER and INF.  

MATERIAL AND METHODS 

ANIMALS, DIETS, AND SAMPLE COLLECTION  

 Yearling steers (n = 32, 8 per treatment) were allocated to four dietary treatments 

consisting of Corn, Corn + vitamin E (E), 40% WDGS, or 40% WDGS + E, and fed for 140 d 

prior to slaughter. Vitamin E dose was 500 I.U. /head/d. Corn diet contained 41.25 % of dry 

rolled corn (DRC), 41.25 of high moisture corn (HMC), 7.5 % alfalfa hay, and 5 % of molasses 

(DM basis). The 40% WDGS diet contained 23.625 of DRC, 23.625 of HMC, 40 % of WDGS, 

and 5 % of molasses (DM basis). The remaining ingredients consisted of additives, fine ground 

corn, and other supplements. Forty-eight h postmortem, both shoulder clods (IMPS # 174, 

NAMP, 2007) were transferred to the Loeffel Meat Laboratory at the University of Nebraska and 

aged for 7 d at 5 ± 2°C. Two TER were excised from the shoulder clods (one muscle per clod) 

whereas only one INF was randomly excised from one clod, right or left. All shoulder clods used 

in this experiment were graded as Choice by a USDA grader. Muscles were trimmed of 

subcutaneous fat and epimysial connective tissue, and frozen (-16°C) until cooking and fatty acid 

and proximate analyses could be made.  

COOKING AND SAMPLE PREPARATION  

Due to the size, one whole TER muscle was used raw and the other one was broiled. The 

INF was cut in three steaks which were used raw, broiled and grilled respectively.  

Muscles were thawed to 5°C and cooked until the internal temperature at the geometric 

center of each muscle reached 70°C. Broiling was performed on an electrical oven (Mayatag 

Electrical Schematic FP860-910A, Benton Harbor, MI) where samples were turned over when 
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reached 34°C and removed from the oven when reached 68°C. Grilling was performed on a 

electric grill (Presto Series 0702 griddle, eau Claire, WI) where steaks were flipped after reached 

38°C and cooked until reached 68°C. For both cooking procedures, the final temperature (70°C) 

was reached 5 min after removing from the oven or grill. Raw and cooked samples were 

pulverized with liquid nitrogen (- 174°C) using a blender (Waring Commercial, model 51BL32, 

Torring, CT), and stored at -80°C until the fatty acid analysis and proximate analysis could be 

made. 

FATTY ACID AND PROXIMATE ANALYSES 

  The fatty acid profile was analyzed according to Folch et al. (1957), Morrison and Smith 

(1964), and Metcalfe et al. (1966) isolating fatty acids from the lipid portion of the lean. After 

pulverized one gram of sample was homogenized for 5 s with 5 mL of 2:1 chlorofrom:methanol 

(v/v) and allowed to stand for 1 h at room temperature to extract the lipids. The homogenate was 

filtered through filter paper (Whatman #2) into a 13 x 150 mm tube and the final volume was 

brought to 10 mL with chlorofrom:methanol. The filtered was homogenized for 5 s with 2 mL of 

0.74% KCl and the samples were centrifuged at 1000 x g for 5 min. After centrifuged, the top 

layer phase was aspirated and tubes were dried under nitrogen at 60°C until the 

chlorofrom:methanol could be totally evaporated. After drying, samples were homogenized for 5 

s with 0.5 mL of 0.5 M NaOH in methanol and heated for 5 min at 100°C. After heated, 0.5 mL 

of BF3 in 14% methanol was homogenized for 5 s and reheated at 100°C. Following re-heating, 

samples were homogenized with saturated salt solution and 1 mL of hexane for 5 s and 

centrifuged at 1000 x g for 5 min. Later, an aliquot of the top layer containing the fatty acid 

methyl esters was transferred to vials which were purged and capped with nitrogen and analyzed 

by Gas Chromatography (Hewlett-Packard Gas Chromatograph - Agilent Technologies, model 
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6890 series, CA).  Fatty acids were separated using a capillary column [Chrompack CP-Sil 88 

(0,25 mm x 100 m)] and identified through retention time according to known standards. The 

oven temperature was set to increase from 140 to 220°C at 2°C/min and held at 220°C for 20 

min. The injector and detector temperatures were maintained at 270 and 300°C, respectively, and 

He was the carrier gas at a flow rate of 30 mL/min. 

Regarding proximate values, a LECO Thermogravimetric Analyzer (LECO Corporation, 

model 604-100-400, MI, USA) was used to quantify values of moisture and ash. For moisture, 

the analysis was performed on N atmosphere where the ramp rate was set at 6 d/m, ramp time at 

17 min, start temperature at 25°C, and end temperature at 130°C. For ash analysis, the 

atmosphere was O atmosphere; the ramp rate was set at 20 d/m, ramp time at 30 min where the 

start temperature was 130°C and the end temperature 600°C. For both analyses, flow rate, hold 

time, constant weight and constant weight time were set at high, 0 min, 0.05% and 9 min 

respectively. Crucible and sample density were set at 3 and 1 respectively. For fat content 

analysis, an ether extraction throught the Soxhlet procedure (AOAC, 1990) was performed using 

two grams of powdered samples weighed out in a filter paper (Whatman #2) envelope and lipids 

were extracted using ether as the solvent. 

STATISTICAL ANALYSIS 

 Data from this experiment were analyzed using the SAS® 9.2 package, SAS Institute, 

Inc., USA. For TER, data was analyzed as a split-plot design where dietary treatment was the 

whole plot, and sample state (raw or broiled, one muscle per method) the split-plot. Additionally, 

a 4 x 2 factorial design was used to verify the interaction between dietary treatment and cooking 

method. A similar design was used for INF, however, for the split-plot, the whole muscle was 

divided in three steaks and each one was assigned to one out of three cooking methods (raw, 
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broiling, or grilling). Similarly, a 4 x 3 factorial design was used to verify the interactions. Data 

were analyzed using the GLIMMIX procedure and when significance (P ≤ 0.05) was indicated 

by ANOVA, means separations were performed using the LSMEANS and DIFF functions. 

RESULTS AND DISCUSSION 

PROXIMATE VALUES 

 Feeding WDGS or E supplementation did not alter fat, moisture, and ash content within 

sample state (Table 1). Klopfenstein et al. (2008) showed that WDGS had higher concentration 

of protein, fat and fiber when compared to corn. However, this byproduct is very low in starch, 

which is removed from the grain for ethanol production (Stock et al., 2000). Starch is converted 

to propionate and is associated with marbling deposition (Smith and Crouse, 1984). However, 

feeding WDGS led to similar concentration of propionate in the rumen when compared to corn 

(Vander Pol et al., 2006) and no effects on marbling and fat thickness at the 12th/13th region were 

observed in previous research conducted by Corrigan et al. (2009). In this study, significant 

effect of WDGS and E on fat content was observed neither for TER nor for INF. 

 Regarding sample state, cooked samples from both muscles had lower moisture than raw 

samples. For INF, values of moisture were statistically similar (P ≥ 0.05) when comparing the 

two cooking methods (broiling and grilling).  

FATTY ACIDS 

 Values of fatty acids composition are presented in tables 2, 3, 4, 5, and 6 for raw TER, 

raw INF, broiled TER, broiled INF, and grilled INF, respectively. Independently of the sample 

state, feeding WDGS increased 18:1 trans, 18:1∆14, 18:2(ω 6), 18:3(ω 3), PUFA, total trans, ω 

6, and ω 6 / ω 3. Except for 18:3(ω 6) of broiled TER, where the P value was 0.06 the P values 

of WDGS effect were less or equal than 0.05 for all fatty acids and ω 6 / ω 3 ratio. Small 
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proportions in response of feeding WDGS were observed in 16:1(ω 7), 17:0, 18:1(ω 9), and 

MUFA for all muscles. 

  Feeding WDGS also significantly decreased proportions of all ω 7 fatty acids with 

exception of 18:1(ω 7) in grilled INF. Similar results were observed for MUFA in all muscles 

excepting in broiled TER.  

 This similar shift in fatty acid composition due to feeding WDGS was also observed by 

Depenbush et al (2009) on 17:0, 18:2(ω 6), PUFA, and ω 6 / ω 3, and by Gill et al. (2008) for ω 

6 / ω 3 when comparing beef from animals fed distillers grains with beef from steers fed steam-

flaked corn.  

Vitamin E supplementation effects (P ≤ 0.05) were observed only on 10:0 and 12:0 fatty 

acids in raw and broiled INF. However, proportions of these fatty acids were very small 

comparing to others and it seems that although a significance difference was observed, values 

did not extensively ranged. 

 Distillers by-products such as WDGS have greater fat digestibility when compared to 

whole grains (Vander Pol et al., 2009). Fatty acids found at the duodenum originate from the 

rumen, consisting of fat modified by bacteria activity and fats that by-pass directly from the 

rumen to the duodenum without transformation (Jenkins et al. 2008). In the rumen, unsaturated 

lipids from diets are biohydrogenated to SFA through a series of events which includes the 

isomerization of previous unsaturated cis to trans fatty acids (Harfoot and Hazlewood, 1988). 

According to Vander Pol et al. (2009), feeding WDGS led to greater concentration of 18:1 trans, 

18:1(ω 9), and 18:2(ω 6) in the duodenum. In the duodenum, unsaturated fatty acids also 

enhance the surface area of bile micelles improving the absorption of PUFA (Zinn et al., 2000). 
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Therefore, greater amounts of PUFA and ω 6 fatty acids at the intestinal tract contribute to 

greater deposition of these fatty acids in the muscle due to increased absorption compared to 

corn. This also explains the greater ω 6 / ω 3 in beef from animals fed WDGS when compared to 

corn compared to corn.   

 During biohydrogenation, isomerization also produces CLAs as intermediates of 

saturated fatty acids (Harfoot and Hazlewood, 1988). Therefore, we expected greater proportions 

of CLAs in beef from animals fed WDGS since higher values of 18:1(ω 9) and 18:2 (ω 6), are 

present at the duodenum. Conversely, very small proportions of CLA 18:2 cis 9, trans 11 and 

CLA 18:2 trans 10, cis 12 in the lean were found in this study. This may be due to where CLAs 

are located. CLAs are found in larger proportions in subcutaneous than intramuscular fat (Jiang 

et al. 2010). During sample preparation, subcutaneous fat was trimmed of the lean, which may 

have determined the small proportions of CLAs in this experiment. 

  In raw TER and broiled and grilled INF, proportions of 18:0 were significantly (P ≤ 

0.05) greater in samples from steers fed WDGS. Although not significant, broiled TER and raw 

INF from steers fed WDGS had also numeric higher values of 18:0 than muscles from animals 

fed corn. As previously discussed, feeding WDGS led to greater proportions of unsaturated fatty 

acids when compared to corn. After 48 h in the rumen, 46 % of total 18:1 fatty acid present in the 

rumen is converted to 18:0 (Wood et al., 1963). This explains higher proportions of 18:0 in the 

lean since WDGS supplies higher amounts of 18:1 when feeding to cattle.  

 The reasons of lower proportions of ω 7 fatty acids in beef from animals fed WDGS are 

not clear. Some alteration in the biohydrogenation or absorption may be happened due to the 

high digestibility of WDGS fat.  
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 Regarding beef quality, higher proportions of PUFA lead to higher lipid oxidation due to 

the weakness of their double bonds (Zhang et al., 2007). Lipid oxidation leads to rancid off-

flavor and is linearly correlated to lower color stability when beef is displayed under presence of 

O2 (Arnold et al., 1993; and Jakobsen and Bertelsen, 2000). Additionally, lower levels of 18:1(ω 

7) are associated with liver off-flavor in beef (Jenschke et al., 2007). 

 Although significant changes in PUFA could compromise beef color and flavor, the 

vitamin E supplementation for extended periods applied in this study would provide protection 

of PUFA against oxidants (Lynch et al., 2000). Therefore, no detrimental effects on color and 

flavor would be observed when feeding WDGS and vitamin E. However, vitamin E 

supplementation did not interfere in the increase of PUFA caused by feeding WDGS.  

 Regarding cooking, broiled TER had larger proportions of iso 16:0, 18:1(ω 9), 18:2(ω 6), 

20:4, 22:4, 22:5, MUFA, PUFA and ω 6 fatty acids and lower proportions of 16:0, 18:0 and SFA 

when compared to raw (P ≤ 0.05). For INF, grilled steaks had higher values of iso 16:0, 16:1(ω 

7), iso 18:0, 18:1(ω 9), 18:2(ω 6), 20:3(ω 6), 20:4(ω 6), 22:4(ω 6), 22:5(ω 6), MUFA, PUFA and 

ω 6 fatty acids when compared to raw (P ≤ 0.05). Lower proportions of 16:0, 17:0, 18:0, 20:0 

and SFA were observed in grilled steaks when compared with raw and broiled (P ≤ 0.05).  No 

significant differences were observed between raw and broiled. 

 Results of this study regarding the decrease of 16:0, 18:0, SFA and increase of PUFA and 

are supported by (Sheeder et al., 2001; Ono et al., 1985; Rodriguez-Estrada et al., 1997) which 

studied cooking effects on ground beef. In meat, lipids are located in the membrane (polar 

fraction) and diffused in the lean or other locations (storage fraction) Noci et al. (2005). Changes 

during cooking are more common in the polar fraction where phospholipids containing PUFA 
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are located (Duckett and Wagner, 1998). Jiang et al. (2010) suggested that lower proportions of 

SFA could be observed after cooking due to dripping loss, which contains more triglycerides 

than phospholipids. However, Nayigihugu et al. (2004) did not observe any effect of cooking in 

fatty acid composition of the muscle LD. 

 In this study, it seems that grilling may determine more changes in the fatty acid content 

of INF when compared to broiling. 

CONCLUSION 

Feeding WDGS increased PUFA, total trans, and ω 6 fatty acids of TER and INF. No 

effects of vitamin E supplementation were observed in fatty acids with 14 or more carbons. 

Higher PUFA in raw beef  supports higher lipid oxidation and off-flavor. 

Cooked beef has larger proportions of 18:1(ω 9), 18:2(ω 6), MUFA, PUFA and ω 6 fatty 

acids and lower proportions of 18:0 and SFA when compared to raw (P ≤ 0.05). 
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Table 1. Proximate values of raw and broiled teres major (TER) and raw, broiled, and grilled infraspinatus (INF) 
from steers fed corn and wet distillers grains plus solubles (WDGS) and vitamin E. 

   Dietary treatments (WDGS, vitamin E)2  

Muscle State Composition1 0% no E 0% E 40% no E 40% E P - value 

Teres major        
 Raw       
  Fat 9.52A 8.39A 8.67 8.10 0.90 
  Moisture 72.24C 73.41C 72.56C 73.35C 0.54 
  Ash 1.68 1.64F 1.60 1.53F 0.82 
        
 Broiled       
  Fat 5.95B 7.48B 8.19 8.06 0.09 
  Moisture 66.37D 65.16D 64.71D 64.87D 0.36 

  Ash 1.99 2.16E 1.88 2.12E 0.50 
        
Infraspinatus        
 Raw       
  Fat 13.24 12.31 16.18 13.01 0.40 
  Moisture 68.67a 70.55a 66.94a 70.47a 0.46 
  Ash 1.74e 1.53f 1.65f 1.60e 0.51 
        
 Broiled       
  Fat 14.03 14.89 14.57 13.86 0.92 
  Moisture 61.30b 59.63b 59.39b 61.10b 0.32 
  Ash 2.03de 2.35d 2.33d 2.44d 0.06 
        
 Grilled       
  Fat 13.12 12.65 12.68 12.85 0.98 
  Moisture 59.52b 60.56b 60.67b 59.78b 0.79 
  Ash 2.19d 2.05e 2.02e 1.91e 0.48 
1Proximate values (%). 
20% no E, 0% WDGS, no vitamin E supplementation; 0% E, 0% WDGS and 500 I.U.of vitamin E daily; 40% no E, 
40% WDGS, no vitamin E supplementation; 40% E, 40% WDGS and 500 I.U.of vitamin E daily.  
A,B Means in the fat content of muscle Teres major having different superscripts are significant at P ≤ 0.05 level 
within cooking state. 
D,C Means in the moisture content of muscle Teres major having different superscripts are significant at P ≤ 0.05 
level within cooking state. 
E,F Means in the ash content of muscle Teres major having different superscripts are significant at P ≤ 0.05 level 
within cooking state. 
a,b Means in the moisture content of muscle Infraspinatus having different superscripts are significant at P ≤ 0.05 
level within cooking state. 
d,e,f Means in the ash content of muscle Infraspinatus having different superscripts are significant at P ≤ 0.05 level 
within cooking state. 



152 
 

 

 
 

Table 2. Fatty acid profile of raw teres major (TER) from steers fed WDGS, corn and vitamin E. 

 Treatments (% WDGS (DM basis), Vitamin E)2  Contrasts3 

Fatty acids1 0% no E 0% E 40% no E 40% E P - value 0 vs 40% E vs no E 

10:0 0.01 0.03 0.04 0.02 0.11 0.18 0.95 
12:0 0.27 0.00 0.03 0.02 0.48 0.44 0.34 
14:0 2.53 2.52 2.67 2.70 0.88 0.43 0.92 
14:1(ω 5) 0.68 0.66 0.57 0.60 0.31 0.08 0.82 
15:0 0.50 0.49 0.44 0.46 0.14 0.04 0.98 
Iso 16:0 0.88 0.82 0.73 0.81 0.25 0.14 0.87 
16:0 25.11 24.87 23.95 24.19 0.38 0.10 1.00 
16:1(ω 7) 3.50A 3.00B 2.39C 2.69BC <0.0001 <0.0001 0.44 
17:0 1.33AB 1.46A 1.24B 1.26B 0.05 0.02 0.16 
Iso 18:0 0.68 0.63 0.66 0.70 0.87 0.67 0.92 
17:1(ω 7) 1.34A 1.36A 0.87B 1.00B 0.0005 <0.0001 0.40 
18:0 12.39B 12.91B 14.65A 13.71AB 0.01 0.004 0.66 
18:1 trans 2.35B 2.18B 3.95A 3.79A <0.0001 <0.0001 0.57 
18:1(ω 9) 39.87A 40.00A 36.83B 36.40B 0.0005 <0.0001 0.82 
18:1 (ω 7) 0.70AB 0.81A 0.50C 0.59BC 0.01 0.002 0.12 
18:1∆13 0.06B 0.12B 0.23A 0.14B 0.004 0.005 0.65 
18:1∆14 0.08C 0.12BC 0.19A 0.17AB 0.002 0.0006 0.58 
19:0 0.02 0.00 0.05 0.00 0.09 0.27 0.05 
18:2(ω 6) 3.85B 3.48B 5.88A 5.62A <0.0001 <0.0001 0.34 
18:2 cis 9, trans 11 0 0 0 0 N.EST. N.EST. N.EST. 
18:2 trans 10, cis 12 0 0 0 0 N.EST. N.EST. N.EST. 
20:0 0.03 0.02 0.07 0.04 0.19 0.08 0.25 
18:3(ω 3) 0.16A 0.12B 0.19A 0.19A 0.004 0.0009 0.09 
20:1(ω 9) 0.54 0.50 0.58 0.58 0.33 0.08 0.54 
20:3(ω 6) 0.34 0.30 0.34 0.33 0.74 0.50 0.40 
20:4(ω 6) 1.24 1.20 1.16 1.24 0.90 0.85 0.86 
22:4(ω 6) 0.18 0.21 0.18 0.18 0.59 0.32 0.45 
22:5(ω 3) 0.20 0.19 0.12 0.17 0.31 0.13 0.60 
SFA 43.72 43.74 44.52 43.91 0.90 0.58 0.73 
MUFA 49.11A 48.76A 46.11B 45.95B 0.0096 0.0011 0.75 
PUFA 5.97B 5.49B 7.87A 7.72A 0.0008 <0.0001 0.47 
Total trans 3.19B 3.24B 4.87A 4.69A 0.0003 <0.0001 0.82 
ω 6 5.80B 5.37B 7.68A 7.53A 0.0009 <0.0001 0.50 
ω 3 0.36 0.31 0.31 0.36 0.70 0.98 0.89 
ω 6 / ω 3 18.23 14.80 27.10 22.68 0.13 0.03 0.29 
1Weight percentage values are relative proportions of all peaks observed by Gas Chromatography. 
20% no E, 0% WDGS, no vitamin E supplementation; 0% E, 0% WDGS and 500 I.U.of vitamin E daily; 40% no E, 
40% WDGS, no vitamin E supplementation; 40% E, 40% WDGS and 500 I.U.of vitamin E daily.   
30 vs 40%, Corn only vs Corn + 40% WDGS; E vs no E, 500 I.U. daily vs no E supplementation. 
A,B,CMeans in the same row having different superscripts are significant at P ≤ 0.05. 
N.EST. Not estimated. 
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Table 3. Fatty acid profile of raw infraspinatus (INF) from steers fed WDGS, corn and vitamin E. 

 Treatments (% WDGS (DM basis), Vitamin E)2  Contrasts3 

Fatty acids1 0% no E 0% E 40% no E 40% E P - value 0 vs 40% E vs no E 

10:0 0.04 0.04 0.06 0.04 0.02 0.19 0.03 
12:0 0.05AB 0.05AB 0.06A 0.04B 0.05 0.82 0.02 
14:0 2.94 2.63 2.80 2.73 0.25 0.89 0.08 
14:1(ω 5) 0.75 0.71 0.62 0.64 0.19 0.04 0.88 
15:0 0.55 0.50 0.45 0.47 0.03 0.01 0.60 
Iso 16:0 0.46 0.45 0.47 0.58 0.59 0.37 0.52 
16:0 25.13 24.00 23.32 23.59 0.09 0.04 0.40 
16:1(ω 7) 3.35A 3.00B 2.53C 2.69BC 0.0002 <0.0001 0.42 
17:0 1.47A 1.50A 1.28B 1.28B 0.03 0.003 0.84 
Iso 18:0 0.32 0.30 0.38 0.45 0.28 0.09 0.62 
17:1(ω 7) 1.38A 1.39A 1.00B 0.96B 0.0004 <0.0001 0.77 
18:0 13.60 13.44 14.75 14.10 0.31 0.10 0.45 
18:1 trans 2.27B 2.19B 3.41AB 3.68A 0.05 0.01 0.84 
18:1(ω 9) 40.07 41.30 38.83 38.50 0.13 0.03 0.61 
18:1 (ω 7) 0.86AB 0.94A 0.66C 0.73BC 0.03 0.06 0.28 
18:1∆13 0.19 0.21 0.23 0.21 0.64 0.30 0.87 
18:1∆14 0.17 0.18 0.22 0.20 0.15 0.06 0.80 
19:0 0.07 0.11 0.14 0.14 0.06 0.02 0.25 
18:2(ω 6) 2.68B 2.41B 4.56A 4.77A <0.0001 <0.0001 0.92 
18:2 cis 9, trans 11 0 0 0 0.007 0.45 0.36 0.36 
18:2 trans 10, cis 12 0B 0B 0.034A 0.030A 0.007 0.0007 0.82 
20:0 0.08 0.09 0.09 0.08 0.90 0.81 0.74 
18:3(ω 3) 0.15B 0.14B 0.19A 0.21A <0.0001 <0.0001 0.67 
20:1(ω 9) 0.58 0.67 0.66 0.74 0.29 0.23 0.13 
20:3(ω 6) 0.18 0.17 0.21 0.25 0.07 0.02 0.43 
20:4(ω 6) 0.59 0.58 0.64 0.77 0.39 0.19 0.48 
22:4(ω 6) 0.12 0.13 0.14 0.15 0.74 0.36 0.54 
22:5(ω 3) 0.11 0.12 0.09 0.10 0.67 0.27 0.63 
SFA 44.71 43.13 44.71 43.80 0.63 0.76 0.28 
MUFA 49.62 50.60 48.40 48.11 0.18 0.04 0.47 
PUFA 3.83B 3.55B 5.82A 6.24A <0.0001 <0.0001 0.87 
Total trans 3.50B 3.52B 4.51AB 4.82A 0.07 0.01 0.70 
ω 6 3.41B 3.68B 5.63A 6.03A <0.0001 <0.0001 0.87 
ω 3 0.26 0.25 0.28 0.31 0.24 0.08 0.56 
ω 6 / ω 3 14.24BC 13.55C 20.90A 20.87AB 0.04 0.005 0.88 
1Weight percentage values are relative proportions of all peaks observed by Gas Chromatography. 
20% no E, 0% WDGS, no vitamin E supplementation; 0% E, 0% WDGS and 500 I.U.of vitamin E daily; 40% no E, 
40% WDGS, no vitamin E supplementation; 40% E, 40% WDGS and 500 I.U.of vitamin E daily.   
30 vs 40%, Corn only vs Corn + 40% WDGS; E vs no E, 500 I.U. daily vs no E supplementation. 
A,B,CMeans in the same row having different superscripts are significant at P ≤ 0.05. 
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Table 4. Fatty acid profile of broiled teres major (TER) from steers fed WDGS, corn and vitamin E. 

 Treatments (% WDGS (DM basis), Vitamin E)2  Contrasts3 

Fatty acids1 0% no E 0% E 40% no E 40% E P - value 0 vs 40% E vs no E 

10:0 0.02 0.02 0.04 0.03 0.43 0.18 0.64 
12:0 0.01 0.01 0.04 0.01 0.16 0.22 0.22 
14:0 2.59 2.43 2.52 2.46 0.88 0.92 0.45 
14:1(ω 5) 0.67 0.69 0.60 0.58 0.46 0.12 0.92 
15:0 0.42 0.47 0.42 0.43 0.79 0.61 0.47 
Iso 16:0 1.09 1.00 0.82 0.90 0.08 0.02 0.95 
16:0 24.68A 24.23AB 22.87B 23.09B 0.04 0.005 0.81 
16:1(ω 7) 3.43A 3.22A 2.71B 2.58B 0.0014 0.0002 0.82 
17:0 1.37A 1.30AB 1.16B 1.15B 0.02 0.0025 0.49 
Iso 18:0 0.85 0.77 0.74 0.80 0.72 0.65 0.82 
17:1(ω 7) 1.46A 1.32AB 1.01C 1.10BC 0.004 0.0006 0.17 
18:0 11.98 11.40 12.54 12.33 0.59 0.24 0.52 
18:1 trans 2.06B 2.30B 4.17A 4.23A <0.0001 <0.0001 0.71 
18:1(ω 9) 39.30B 41.74A 38.90B 38.29B 0.02 0.01 0.22 
18:1 (ω 7) 0.73 0.85 0.59 0.57 0.06 0.01 0.51 
18:1∆13 0.14BC 0.09C 0.22A 0.20AB 0.005 0.0009 0.16 
18:1∆14 0.10 0.13 0.19 0.15 0.09 0.03 0.73 
19:0 0.02 0.00 0.05 0.02 0.35 0.17 0.27 
18:2(ω 6) 4.55B 3.84B 6.42A 6.45A <0.0001 <0.0001 0.34 
18:2 cis 9, trans 11 0 0 0 0 N.EST. N.EST. N.EST. 
18:2 trans 10, cis 12 0 0 0 0.02 0.16 0.21 0.21 
20:0 0.02 0.02 0.03 0.05 0.53 0.23 0.59 
18:3(ω 3) 0.14 0.15 0.18 0.20 0.20 0.06 0.40 
20:1(ω 9) 0.53 0.50 0.62 0.61 0.13 0.02 0.74 
20:3(ω 6) 0.38 0.35 0.37 0.38 0.92 0.77 0.66 
20:4(ω 6) 1.49 1.43 1.26 1.40 0.57 0.30 0.74 
22:4(ω 6) 0.25A 0.24AB 0.19B 0.19B 0.03 0.004 0.72 
22:5(ω 3) 0.25A 0.26A 0.14B 0.21A 0.01 0.005 0.12 
SFA 42.98 41.70 41.28 41.22 0.50 0.23 0.50 
MUFA 48.87 50.75 48.87 48.44 0.28 0.28 0.32 
PUFA 7.06B 6.27B 8.57A 8.84A 0.002 0.0004 0.60 
Total trans 3.27B 3.13B 5.16A 5.15A <0.0001 <0.0001 0.73 
ω 6 6.92B 6.11B 8.39A 8.63A 0.004 0.0005 0.58 
ω 3 0.40 0.42 0.32 0.42 0.09 0.24 0.08 
ω 6 / ω 3 18.20B 15.02B 29.63A 20.84B 0.005 0.004 0.04 
1Weight percentage values are relative proportions of all peaks observed by Gas Chromatography. 
20% no E, 0% WDGS, no vitamin E supplementation; 0% E, 0% WDGS and 500 I.U.of vitamin E daily; 40% no E, 
40% WDGS, no vitamin E supplementation; 40% E, 40% WDGS and 500 I.U.of vitamin E daily.   
30 vs 40%, Corn only vs Corn + 40% WDGS; E vs no E, 500 I.U. daily vs no E supplementation. 
A,B,CMeans in the same row having different superscripts are significant at P ≤ 0.05. 
N.EST. Not estimated. 



155 
 

 

 
 

Table 5. Fatty acid profile of broiled infraspinatus  (INF) from steers fed WDGS, corn and vitamin E. 

 Treatments (% WDGS (DM basis), Vitamin E)2  Contrasts3 

Fatty acids1 0% no E 0% E 40% no E 40% E P - value 0 vs 40% E vs no E 

10:0 0.04 0.04 0.06 0.05 0.09 0.07 0.11 
12:0 0.06 0.04 0.07 0.05 0.10 0.22 0.04 
14:0 2.90 2.59 2.83 2.82 0.33 0.51 0.17 
14:1( ω 5) 0.69 0.68 0.61 0.61 0.59 0.18 0.86 
15:0 0.49 0.49 0.46 0.48 0.55 0.20 0.70 
Iso 16:0 0.68 0.55 0.51 0.59 0.23 0.26 0.71 
16:0 25.28 24.44 23.65 23.69 0.16 0.04 0.47 
16:1( ω 7) 3.31A 2.97AB 2.49C 2.82BC 0.006 0.003 0.98 
17:0 1.38AB 1.56A 1.30B 1.34B 0.03 0.02 0.08 
Iso 18:0 0.46 0.38 0.42 0.48 0.37 0.48 0.70 
17:1( ω 7) 1.28AB 1.38A 0.96C 1.10BC 0.005 0.001 0.14 
18:0 13.72 13.54 15.08 14.30 0.13 0.04 0.34 
18:1 trans 2.16B 1.95B 3.84A 3.91A <0.0001 <0.0001 0.78 
18:1( ω 9) 39.51AB 41.80A 37.69B 37.76B 0.002 0.0007 0.13 
18:1 ( ω 7) 0.78 0.96 0.71 0.61 0.07 0.03 0.67 
18:1∆13 0.14 0.19 0.23 0.19 0.08 0.04 0.74 
18:1∆14 0.17 0.16 0.22 0.19 0.10 0.04 0.24 
19:0 0.06B 0.05B 0.15A 0.10AB 0.04 0.01 0.31 
18:2( ω 6) 3.05B 2.71B 4.73A 4.70A <0.0001 <0.0001 0.49 
18:2 cis 9, trans 11 0 0 0 0.008 0.52 0.42 0.42 
18:2 trans 10, cis 12 0 0 0.01 0.02 0.25 0.05 0.76 
20:0 0.09 0.07 0.11 0.08 0.22 0.59 0.06 
18:3( ω 3) 0.14B 0.13B 0.19A 0.19A 0.0004 <0.0001 0.48 
20:1( ω 9) 0.47 0.58 0.65 0.66 0.12 0.03 0.32 
20:3( ω 6) 0.22 0.20 0.24 0.25 0.32 0.10 0.64 
20:4( ω 6) 0.82 0.72 0.68 0.78 0.63 0.64 0.99 
22:4( ω 6) 0.17 0.17 0.15 0.15 0.74 0.29 0.97 
22:5( ω 3) 0.16 0.12 0.10 0.12 0.30 0.15 0.67 
SFA 45.16 43.76 44.62 43.96 0.60 0.82 0.19 
MUFA 48.51AB 50.65A 47.40B 47.85B 0.05 0.03 0.14 
PUFA 4.56B 4.05B 6.09A 6.19A 0.0004 <0.0001 0.57 
Total trans 3.25B 3.25B 5.01A 4.90A <0.0001 <0.0001 0.85 
ω 6 4.42B 3.92B 5.90A 6.00A 0.0005 <0.0001 0.58 
ω 3 0.31 0.25 0.29 0.31 0.55 0.59 0.57 
ω 6 / ω 3 14.59 17.27 21.21 20.34 0.07 0.01 0.62 
1Weight percentage values are relative proportions of all peaks observed by Gas Chromatography. 
20% no E, 0% WDGS, no vitamin E supplementation; 0% E, 0% WDGS and 500 I.U.of vitamin E daily; 40% no E, 
40% WDGS, no vitamin E supplementation; 40% E, 40% WDGS and 500 I.U.of vitamin E daily.   
30 vs 40%, Corn only vs Corn + 40% WDGS; E vs no E, 500 I.U. daily vs no E supplementation. 
A,B,CMeans in the same row having different superscripts are significant at P ≤ 0.05. 
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Table 6. Fatty acid profile of grilled infraspinatus  (INF) from steers fed WDGS, corn and vitamin E. 

 Treatments (% WDGS (DM basis), Vitamin E)2  Contrasts3 

Fatty acids1 0% no E 0% E 40% no E 40% E P - value 0 vs 40% E vs no E 

10:0 0.05 0.12 0.06 0.04 0.29 0.25 0.32 
12:0 0.06 0.05 0.07 0.05 0.34 0.79 0.10 
14:0 2.76 2.50 2.67 2.67 0.65 0.77 0.36 
14:1(ω 5) 0.80 0.71 0.66 0.62 0.18 0.07 0.31 
15:0 0.49 0.47 0.42 0.44 0.13 0.03 0.97 
Iso 16:0 0.60 0.71 0.57 0.62 0.66 0.43 0.30 
16:0 23.48 23.08 22.75 22.64 0.54 0.22 0.59 
16:1(ω 7) 3.68A 3.30A 2.73B 2.85B <0.0001 <0.0001 0.30 
17:0 1.27 1.40 1.15 1.21 0.10 0.03 0.17 
Iso 18:0 0.43 0.49 0.45 0.49 0.87 0.88 0.43 
17:1(ω 7) 1.43A 1.47A 1.01B 1.16B 0.02 0.0003 0.27 
18:0 9.35 10.85 12.16 12.19 0.14 0.04 0.44 
18:1 trans 2.16B 1.98B 3.72A 3.27A 0.01 0.001 0.42 
18:1(ω 9) 43.53A 44.72A 41.09B 41.14B 0.007 0.0007 0.43 
18:1 (ω 7) 0.86 0.97 0.81 0.74 0.37 0.14 0.80 
18:1∆13 0.15B 0.18AB 0.22A 0.22A 0.02 0.005 0.47 
18:1∆14 0.15BC 0.13C 0.21A 0.20AB 0.03 0.004 0.50 
19:0 0.04C 0.05BC 0.13A 0.12AB 0.04 0.005 0.83 
18:2(ω 6) 3.22B 3.10B 5.06A 5.17A <0.0001 <0.0001 0.97 
18:2 cis 9, trans 11 0 0 0 0.01 0.52 0.42 0.42 
18:2 trans 10, cis 12 0B 0B 0.007B 0.04A 0.007 0.01 0.08 
20:0 0.07 0.02 0.06 0.07 0.15 0.15 0.16 
18:3(ω 3) 0.16B 0.14B 0.20A 0.20A 0.0007 <0.0001 0.57 
20:1(ω 9) 0.54 0.59 0.69 0.71 0.22 0.05 0.63 
20:3(ω 6) 0.21 0.24 0.26 0.27 0.48 0.21 0.53 
20:4(ω 6) 0.75 0.93 0.78 0.84 0.60 0.75 0.22 
22:4(ω 6) 0.25 0.20 0.17 0.16 0.61 0.29 0.54 
22:5(ω 3) 0.14 0.17 0.10 0.14 0.10 0.07 0.07 
SFA 38.61 39.74 40.48 40.56 0.60 0.27 0.62 
MUFA 53.29AB 54.06A 51.15BC 50.90C 0.02 0.002 0.74 
PUFA 4.73B 4.77B 6.58A 6.78A 0.002 0.0002 0.79 
Total trans 3.32B 3.27B 4.96A 4.43A 0.004 0.0005 0.40 
ω 6 4.58B 4.63B 6.38A 6.57A 0.002 0.0002 0.78 
ω 3 0.30 0.31 0.30 0.34 0.28 0.37 0.18 
ω 6 / ω 3 15.44B 15.23B 22.72A 19.15AB 0.02 0.004 0.30 
1Weight percentage values are relative proportions of all peaks observed by Gas Chromatography. 
20% no E, 0% WDGS, no vitamin E supplementation; 0% E, 0% WDGS and 500 I.U.of vitamin E daily; 40% no E, 
40% WDGS, no vitamin E supplementation; 40% E, 40% WDGS and 500 I.U.of vitamin E daily.   
30 vs 40%, Corn only vs Corn + 40% WDGS; E vs no E, 500 I.U. daily vs no E supplementation. 
A,B,CMeans in the same row having different superscripts are significant at P ≤ 0.05. 



157 
 

 

 

Table 7. Significant effects (P -values) regarding cooking method of teres major (TER) and infraspinatus (INF) from 
steers fed WDGS, corn and vitamin E. 

 teres major  infraspinatus 
 Cooking state   Cooking state   

Fatty acids Raw Broiled C*T1 C2  Raw Broiled Grilled C*T1 C2 

10:0 0.02 0.02 0.88 0.71  0.04 0.05 0.07 0.15 0.09 
12:0 0.08 0.02 0.79 0.71  0.06 0.05 0.06 0.91 0.73 
14:0 2.60 2.50 0.85 0.41  2.78 2.79 2.65 0.99 0.22 
14:1(ω 5) 0.63 0.63 0.93 0.82  0.68 0.65 0.70 0.98 0.41 
15:0 0.47 0.44 0.67 0.10  0.49 0.48 0.46 0.87 0.08 
Iso 16:0 0.81B 0.95A 0.70 0.003  0.49B 0.58AB 0.63A 0.60 0.02 
16:0 24.53A 23.72B 0.88 0.03  24.01A 24.26A 22.99B 0.95 0.002 
16:1(ω 7) 2.99 2.89 0.70 0.35  2.89B 2.90B 3.14A 0.88 0.01 
17:0 1.32 1.25 0.88 0.06  1.38A 1.39A 1.25B 0.89 0.007 
Iso 18:0 0.66B 0.79A 0.90 0.007  0.36B 0.43AB 0.47A 0.83 0.03 
17:1(ω 7) 1.14 1.22 0.80 0.18  1.18 1.18 1.27 0.94 0.25 
18:0 13.42A 12.06B 0.47 0.0009  13.97A 14.16A 11.14B 0.67 <0.001 
18:1 trans 3.07 3.19 0.70 0.52  2.89 2.97 2.78 0.91 0.80 
18:1(ω 9) 38.27B 39.56A 0.21 0.01  39.67B 39.19B 42.62A 0.95 <0.001 
18:1 (ω 7) 0.65 0.68 0.88 0.53  0.80 0.76 0.84 0.90 0.41 
18:1∆13 0.14 0.16 0.18 0.23  0.21 0.19 0.19 0.76 0.25 
18:1∆14 0.14 0.14 0.75 0.90  0.19 0.18 0.17 0.78 0.36 
19:0 0.02 0.02 0.82 0.70  0.12 0.09 0.09 0.75 0.16 
18:2(ω 6) 4.71B 5.31A 0.91 0.01  3.61B 3.80AB 4.14A 0.99 0.04 
18:2 cis 9, 
trans 11 

0 0 N.EST. N.EST.  0.002 0.002 0.003 0.99 0.98 

18:2 trans 10, 
cis 12 

0 0.004 0.13 0.18  0.02 0.008 0.01 0.31 0.41 

20:0 0.04 0.03 0.45 0.45  0.08A 0.09A 0.05B 0.28 0.0008 
18:3(ω 3) 0.17 0.17 0.41 0.71  0.17 0.16 0.17 0.95 0.20 
20:1(ω 9) 0.55 0.56 0.90 0.66  0.66 0.59 0.63 0.96 0.23 
20:3(ω 6) 0.33 0.37 0.99 0.08  0.20B 0.23AB 0.25A 0.87 0.03 
20:4(ω 6) 1.21B 1.39A 0.89 0.01  0.64B 0.75AB 0.82A 0.62 0.01 
22:4(ω 6) 0.19B 0.22A 0.40 0.01  0.13B 0.16AB 0.19A 0.68 0.02 
22:5(ω 3) 0.17B 0.22A 0.80 0.02  0.10B 0.13AB 0.14A 0.71 0.04 
SFA 43.97A 41.79B 0.50 0.0009  43.79A 44.38A 39.85B 0.60 <0.001 
MUFA 47.48B 49.14A 0.18 0.0073  49.18B 48.61B 52.35A 0.96 <0.001 
PUFA 6.76B 7.68A 0.95 0.007  4.86B 5.22AB 5.71A 0.96 0.01 
Total trans 4.00 4.18 0.75 0.35  4.08 4.10 3.99 0.84 0.90 
ω 6 6.60B 7.51A 0.95 0.007  4.69B 5.06AB 5.54A 0.96 0.01 
ω 3 0.33B 0.39A 0.56 0.05  0.28 0.29 0.31 0.87 0.09 
ω 6 / ω 3 20.70 20.92 0.91 0.92  17.39 18.35 18.15 0.89 0.77 
1
P-value for the interaction between cooking state (raw, broiled, or cooked) and dietary treatment (0% no E, 0% E, 

40% no E, or 40% E. 
2
P-value for cooking state (raw, broiled, or cooked) 

A,B,CMeans in the same row having different superscripts are significant at P ≤ 0.05 within muscle. 
N.EST. Not estimated. 
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ABSTRACT 

The objective was to study the effects of feeding wet distillers grains plus solubles 

(WDGS) and vitamin E (E) supplementation on color stability, lipid oxidation, Warner-Bratzler 

shear force (WBSF), and sensory attributes of beef displayed under different modified 

atmosphere packaging (MAP). Ninety steers were randomized in five dietary treatments 

containing 35% of WDGS (DM-basis) plus different levels of vitamin E (0E, 100E, 300E, 500E, 

or 1000E I.U. daily.) or a control corn-based (CORN) dietary treatment with no vitamin E and 

fed for 128 days.  Muscle Longissimus dorsi (LD) was excised from both short loins and each set 

(n=90) randomly containing right or left LD from each animal was aged for 7 and 21 d.  Steaks 

were displayed in O2-permeable film, low O2, or high O2 atmospheres. Low O2 had highest 

discoloration when compared to other MAP methods. Aged 7d steaks from treatments 300E and 

1000E had less discoloration when compared with steaks from animals 0E (P ≤ 0.05). When 

aged 21 days under permeable film 1000E steaks had improved color stability when compared to 

all steaks from other treatments. When displayed under high O2, 21 d aged steaks from animals 

0E showed higher discoloration than steaks from animals fed CORN or other treatments. Aged 7 

d steaks had no treatment trends of a* values and in high and low O2 atmospheres treatments did 

not differ among each other. When aged 21 d, a significant improve of redness were observed in 

permeable film packaged steaks from animals fed 1000E when compared to steaks from animals 

fed CORN, 0E, and 500E. High O2 MAP resulted in greater shear force values and lower TP 

tenderness ratings compared to the other two packaging systems. In this experiment, 300 and 

1000 I.U. daily supplementation mitigated lipid oxidation in steaks packaged under high O2 and 

O2-permeable film. Minimal lipid oxidation was observed in steaks displayed under low O2 

MAP.  Therefore, feeding WDGS led to higher discoloration and lipid oxidation in beef 
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displayed under O2-permeable film and high O2. Vitamin E supplementation mitigated effects of 

WDGS on both attributes. Minimal lipid oxidation was observed in beef displayed under low O2. 

However, steaks displayed under this atmosphere had highest discoloration on display. High O2 

MAP steaks were tougher when compared to steaks displayed under O2-permeable film and low 

O2 atmospheres. 

 

Index terms: Distillers Grains, Vitamin E, Modified Atmosphere Packaging.
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INTRODUCTION 

The appearance of beef at the retail display is an important factor regarding beef shelf life 

(Warren et al., 2007). Shelf life is defined as a certain length of time which a beef product 

remains acceptable under expected conditions of temperature and light exposure. Numerous 

extrinsic factors such as microbial contamination, storage temperature, packaging systems, 

additives, light, and time of exposure can affect shelf life (Smith et al., 1996). However, intrinsic 

factors such as fatty acid profile, fat content, and muscle composition also characterize the shelf 

life capability of beef cuts (de Mello, Jr. et al., 2007a; Nelson et al. 2008).  

 Usually, consumers consider color and discoloration traits a decisive factor when 

selecting beef products in the display case (Steiner et al., 2001).  In muscle, myoglobin is the 

pigment which plays the most important role regarding color, and when oxidized to 

metmyoglobin leads to beef discoloration (Liu et al.,1996). Liu et al. (1996) also reported that 

there is a positive correlation between myoglobin and lipid oxidation. Zhang et al. (2007) 

showed that long chain polyunsaturated fatty acids (PUFA) are more easily oxidized when 

compared to Saturated Fatty Acids (SFA). In accordance with that research, de Mello, Jr. et al. 

(2008) demonstrated that beef with higher levels of PUFA showed higher lipid oxidation at the 

retail display along 7 d of exposure. 

 Many studies demonstrated that different protein sources can be used to feed cattle. 

However, much speculation surrounds the effects of feeding ethanol byproducts on beef 

attributes. Feeding distiller’s grains (DG) does not alter objective tenderness (Warner-Bratzler 

shear force – WBSF), fat content (%), marbling score, proximate values, and mineral content of 

beef (Roeber et al. 2005; de Mello, Jr. et al., 2007a; and de Mello, Jr. et al. 2007b). Shand et al. 

(1998) reported no effect of feeding wheat-based DG on beef sensory characteristics. Also, 
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Roeber et al. (2005) showed that levels up to 25% of DG (dry matter basis) did not affect beef 

palatability. Conversely, minimal effects on tenderness and juiciness of top blade steaks were 

reported by de Mello, Jr. et al. (2008). Roeber et al. (2005) showed that levels up to 25% of DG 

did not affect the color of beef, however, when DG levels increased up to 40%, negative impacts 

were observed. 

 Estimated retail case-life is 1 d and 3 d for tenderloin and strip loin respectively, if these 

muscles are discolored before the end of the case life, they should be marked down in price or 

ground (Smith et al., 1996). Normally, 5.4% of fresh meat is lost during retail display, leading to 

potential economic losses (Smith et al., 1996). 

 Modified-atmosphere packaging involving gases such as O2, CO2 and N2 is widely used 

to extend the shelf life of beef through preserving color and avoiding deterioration (Paulsen et 

al., 2006). Diet supplementation with anti-oxidants is also an excellent alternative to extend shelf 

life. Vitamin E (α-tocopherol), when supplemented for extended periods, can be incorporated 

into the biological membranes where lipid-lipid interactions occur, providing a protection of 

PUFA against the reactive oxygen species (Lynch et al., 2000). 

 In this study we hypothesized that dietary vitamin E supplementation would minimize the 

higher oxidation of beef from animals fed WDGS. Therefore, the aim of our work was to identify 

the impact of feeding vitamin E and wet distillers grains plus solubles on shelf-life and 

tenderness attributes of beef under different packaging systems. 

MATERIAL AND METHODS 

TREATMENTS, SAMPLES, AND MODIFIED ATMOSPHERE PACKAGING 

 Yearling steers (n = 90) were randomized in five dietary treatments containing 35% of 

WDGS (DM-basis) plus different levels of vitamin E (0E, 100E, 300E, 500E, or 1000E I.U. 

daily.) or a control corn-based (CORN) dietary treatment with no vitamin E  and fed for 128 
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days.  Animals were adapted to finishing diets over 21 days by gradually removing forage 

(alfalfa hay) and increasing corn. Corn was a 1.5:1 mixture (DM basis) of HMC:DRC in both 

diets.  

Steers were harvested in a commercial plant (Cargill Meat Solutions, Schyuler, NE). 

Longissimus dorsi (LD) (n=2) were excised from short loins (IMPS #174, NAMP, 2007) and 

transferred to a research and development facility (Cargill Meat Solutions, Wichita, KS) where 

were aged for 7 and 21 days. After aging (7 and 21 d postmortem), seven 2.54 cm steaks were 

cut from each strip loin. After packaging, one steak ( d 0 steak) was immediately vacuum 

packaged whereas other steaks were displayed for 4 days (3 for WBSF analysis and 3 for 

sensorial tenderness analysis; d 4 steaks) under three different atmospheres. Atmospheres (MAP) 

used in this experiment were permeable film, low O2 (70% N2 and 30% CO2) (0 - 382 ppm O2), 

or high O2 (80% O2 and 20% CO2) (80-85% O2). After packaging, low O2 and high O2 packages 

were sampled to verify the final concentration of O2 (low O2; 0 - 382 ppm O2 and high O2; 80-

85% O2). Four display cases (Hussmann Climate Control Technologies, Bridgeton, MO) were 

set at 2 ± 2°C and light intensity varied from 60 to 200Lx (lamp type= F32T8/TL730 Phillips, 

Inc., New Jersey, USA). 

COLOR ANALYSIS 

Objective color measurement was recorded for L* (psychometric lightness; black = 0, 

white = 100), a* (red = positive values; green = negative values) and b* (yellow = positive 

values; blue = negative values) using a Minolta CR-400 colorimeter (Konica Minolta Sensing 

Americas, Inc, New Jersey, U.S.A.) with a 8mm/ 11mm measurement/illumination area, a D65 

illuminant, and diffuse illumination/0° viewing angle (d/0). The colorimeter was calibrated daily 

using a ceramic title provided by the manufacturer. Color readings were taken from steaks 
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displayed for sensorial analysis at 1, 2, 3, and 4 d of display by averaging three readings from 

different areas of the steak surface. 

Subjective color was assessed using a four-member panel that scored visual discoloration 

from 0% red (not discolored) to 100% brown (completely discolored) every day during all four 

days. 

SENSORIAL ANALYSIS AND OBJECTIVE TENDERNESS (WARNER-BRATZLER SHEAR FORCE, 

WBSF) 

 After retail display period, all steaks were vacuum packaged and frozen (-16°C) until 

tenderness analyses could be made. Steaks for trained taste panel and WBSF analysis were 

thawed for 24 h at 5°C and grilled to 70°C. Steaks were flipped after reaching 35°C at the 

geometric center. A nine-member beef attributes panel was screened, selected, and trained to 

evaluate the steaks. Panelists were trained according Meilgaard et al. (1991) to evaluate 

tenderness from 1 = extremely tough to 8 = extremely tender, connective tissue amount (1 = 

abundant amount to 8 = no connective tissue), juiciness (1 = extremely dry to 8 = extremely 

juicy), and off-flavor intensity (1 = extremely off-flavor to 8 = no off-flavor) on 8-point hedonic 

scales. Visual differences of samples were minimized through serving panelists under a red 

fluorescent light and unsalted crackers and double distilled deionized water were provided to the 

panelists to cleanse their palates during the analysis. For WBSF, after cooking, steaks were 

cooled for 1 h at 4°C and at least, 6 cores (1.27 cm in diameter) were removed from each steak 

with a drill press parallel to muscle fiber orientation. Cores were sheared (Instron Universal 

Testing Machine - Instron Corp., model 55R1123, MA, USA) with a Warner-Bratzler blade 

where the crosshead speed was 250 mm/min with a 500 kg load cell.  

OXIDATION ANALYSIS 

 For oxidation analysis, a steak was cut from the LD and displayed for 2 and 4 d. At the 

resolution of the display period, samples were vaccum packaged and stored at -80°C. Samples 
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were submerged in liquid nitrogen (-174°C) and pulverized with a blender (Waring Commercial, 

model 51BL32, Torring, CT). 

 Lipid oxidation was measured by the thiobarbituric acid assay (TBA) according to the 

protocol of Buege and Aust (1978), modified by Ahn et al. (1998), at 0, 2 and 4 days of display. 

The modified protocol consisted in mixing 5 g of powdered sample with 14 ml of demineralized 

/ deionized water and 1 ml of Butylatedhydroxianisole (BHA), homogenizing for 15 s, 

centrifuging at 2000 rpm for 5 min, transferring 1 ml of the homogenate to a 15 ml conical tube, 

vortexing after adding the 2-Thiobarbituric Acid / Trichloroacetic Acid (TBA/TCA), incubating 

at 70°C for 30 min, centrifuging at 2000 rpm for 15 min, transferring aliquots of 200 µl from 

tubes to a well plate, and reading absorbance at 540 nm (Dynatech microplate reader - Dynex 

Technologies, model MR 5000, VA, USA) . Lipid oxidation (TBA values) was expressed as 

malonaldehyde concentration (mg/kg) and the quantification was realized comparing samples to 

standards absorbance. 

STATISTICAL ANALYSIS 

 Data of this experiment were analyzed as a split split plot design where dietary treatment 

was the whole plot, aging the split, and MAP the split split plot. Muscle LD within diet was 

considered the whole plot, aging by diet the split plot and MAP by aging by diet the split split 

plot error terms. Color data were also designed as repeated measures where the smallest Akaike 

and Bayesian information criteria (AIC and BIC, respectively) indicated best model fitting when 

the compound symmetry covariance matrix was used. Additionally, the Kenward-Rogers degrees 

of freedom approximation method was used. Regarding subjective color, panelists were 

considered a random effect. A response curve was used to detect linear relationships as levels of 

vitamin E increased in the diets. 
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  Data were analyzed using the GLIMMIX procedure of SAS (Version 9.1, Cary, N.C., 

2002). When significance (P ≤ 0.05) was indicated by ANOVA, means separations were 

performed using the LSMEANS and DIFF functions of SAS. 

RESULTS AND DISCUSSION 

COLOR AND LIPID OXIDATION 

 For all treatments, both aging periods steaks packaged with low O2 had 100% of 

discoloration at the first day of display. For steaks aged 7 days, after four days of display, high 

O2 atmosphere determined less discoloration in steaks from treatments CORN, 0E, 100E, 500E, 

and 1000E when compared with steaks packaged with permeable film (P ≤ 0.05) Comparing the 

performance of all treatments within each tested MAP, steaks from animals fed WDGS 

supplemented with 300 and 1000 E had less discoloration when compared with steaks from 

animals fed WDGS no E (P ≤ 0.05). Although significant, the discoloration difference was about 

1%, which is probably not visually differentiated by regular consumers. In this study, notable 

discoloration was observed when aging was extended. When aged 21 days under permeable film 

(Figure 1), 1000E steaks had improved color stability when compared to all steaks from other 

treatments (P ≤ 0.05). When displayed under high O2 (Figure 1), steaks from animals fed 0E 

showed higher discoloration than steaks from animals fed CORN or WDGS with any level of E. 

Therefore, by the resolution of the display period, supplementing 1000E improved around 10% 

of color stability when compared to 0E in permeable film (Figure 1) and any level of E improved 

12% when compared to 0E in high O2.  Regarding objective color, some differences among 

treatments were observed for lightness (L*) and yellowness (a*) for steaks aged both periods. 

However, redness (a*) is known as the most important parameter of visual quality once high 

values are associated with desirable visual appearance (Zerby et al., 1999). Aged 7 d steaks had 

no treatment trends of a* values. In high and low O2 atmospheres steaks from all treatments did 



167 
 

 

 

not differ among each other (Table 1). When displayed under permeable film atmosphere, 

CORN and 1000E treatments had the best a* values at 4 d of display. When aged 21 d, a 

significant improve of redness were observed in permeable film packaged steaks from animals 

fed 1000E when compared to steaks from animals fed CORN, 0E, and 500E (Table 2). 

Differences among treatments were observed when steaks were packaged under high O2 (values 

of a* from steaks fed 0E were lower), however there was no specific trend regarding the increase 

of E in the diets and higher values of redness. Overall, low O2 atmosphere determined lower L*, 

a*, and b* values to all steaks when compared to other atmospheres (P ≤ 0.05). Red color of beef 

is due to the presence of oxymyoglobin; this pigment is formed by O2 and myoglobin. In MAP 

with high levels of O2, we suggest that oxymyoglobin is more stable due to the high partial 

pressure of this gas inside of the pack. This can explain less discoloration in steaks packaged 

under high O2 where oxymyoglobin cannot be reduced to metmyoglobin, which is responsible 

for brown color and discoloration (Grobbel et al., 2006). In this experiment, we observed that 

high O2 packaged steaks had overall less discoloration and less tenderness when compared to 

steaks packaged with low O2 and O2-permeable film.  

Oxidation results are presented in the Figure 2. Overall, steaks displayed in low O2 had 

minimal or no oxidation at the resolution of display whereas steaks displayed under high O2 had 

the highest oxidation (P ≤ 0.05). In steaks displayed under O2-permeable film and high O2 

atmospheres 1000E supplementation had the lowest oxidation. Feeding treatments 1000E, 300E, 

and CORN had similar and significant superior lipid stability when compared to 0E, 100E and 

500E. de Mello, Jr. et al. (2008) found that beef displayed under O2-permeable from steers fed 

30% WDGS (DM basis) had increased oxidation when compared with corn. This increase of 

oxidation was due to the higher levels of PUFA found in meat from animals fed WDGS when 
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compared to corn (de Mello, Jr. et al., 2007a; Depenbush et al. 2009). In this study, levels of 300 

and 1000 I.U. of vitamin E supplementation provided the best protection against higher oxidation 

commonly found in from animals fed WDGS when compared to corn. Additionally, steaks from 

treatments 100E and 500E had similar oxidation when compared to corn fed-steaks. Therefore, 

any level of vitamin E supplementation in diets containing WDGS led to similar or improved 

color stability when compared to steaks from steers fed CORN (Figure 2). 

 The highest oxidation found in beef displayed under high O2 MAP is due to the high 

concentration and partial pressure of this gas in the package. At the same time that contributes to 

improve color, higher amount of this gas increases the lipid oxidation since the O2 is a potential 

lipid oxidant (Liu, Lanari and Schaefer, 1995). This finding is in agreement with Jakobsen and 

Bertelsen (2000) who also observed higher oxidation in beef packaged under high O2 when 

compared to other atmospheres .  

When beef is stored under normal atmosphere there is a positive relationship between 

lipid oxidation and color pigment oxidation (Arnold et al., 1993). According to our results, this 

relationship can not be applied when different packaging systems and different gases 

concentrations are used. As we previously described, beef under high O2 had higher lipid 

oxidation and higher color stability and low O2 had the lowest lipid oxidation and the highest 

discoloration. The highest discoloration of beef displayed under low O2 was due to the residual 

amount of O2 in the package. Grobbel et al. (2008) showed that metmyoglobin formation may be 

initiated by very low amounts of O2. Although discolored, steaks displayed under low O2 did not 

have the lipid stability compromised. During sample preparation for the oxidation analysis, we 

observed a thin brown layer on the steak surface. This suggested that the residual oxygen only 

initialized metmyoglobin formation and did not compromise the lipid stability.  
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WBSF AND SENSORY ATTRIBUTES 

 Two way interactions between effects of MAP and aging, and dietary treatment and aging 

were observed when analyzing subjective tenderness and WBSF (P ≤ 0.05). For WBSF, feeding 

WDGS to steers led to similar shear force results (P > 0.05) when compared to corn (Table 3).  

Regarding vitamin E supplementation, a significant effect (P = 0.04) was observed when aged 7 

d beef was displayed under O2-permeable film. However, no consistent pattern was identified.  

For subjective tenderness, significant effects of dietary treatments were observed only in beef 

aged 21 d (Table 4). O2-permeable film steaks from steers fed WDGS and vitamin E had higher 

(P = 0.02) ratings when compared to O2-permeable film steaks from animals fed corn. When 

analyzing the effect of E within WDGS diets through the contrasts, low O2 steaks from E 

supplemented steers had higher tenderness when compared to non supplemented (P = 0.04). A 

similar trend (P = 0.08) was observed when steaks were displayed under O2-permeable film. 

Regarding the MAP effect, high O2 MAP resulted in greater (P ≤ 0.05) shear force values 

(Figure 3) and lower TP tenderness ratings (Table 4) compared to the other two packaging 

systems. This detrimental effect on tenderness in beef displayed under high O2 MAP is due to the 

high concentration of this gas, which oxidized beef proteins (Clausen, 2004). Additionally, Rowe 

et al. (2004) suggested that oxidation of beef muscle proteins may limit the resolution of the 

rigor mortis due to inactivation of µ-calpain decreasing the tenderization. However, inactivation 

of calpain activity and inhibition of calpain by calpastatin not only can be affected oxidation, but 

also by pH and ionic strength (Maddock Carlin et al., 2006). In this study, LD was aged for 7 d 

and 21 d before steaks go under retail display. Camou et al. (2007) showed that µ-calpain 

activity decreased nearly to zero 48 h postmortem whereas m-calpain retains active up to 6 d 

postmortem.  This implies that the decrease in tenderness in beef displayed under high O2 may 

have occurred due to the oxidation of myofibrillar or cytoskeletal proteins rather than through 
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oxidation of the calpains. Tenderness decrease was observed even after 21 d postmortem, when 

most of the proteolytic activity from calpains would have been complete.  Vitamin E 

supplementation provided a small, but significant protective effect against oxidation-induced 

toughening when beef was displayed under O2-permeable film and low O2 atmospheres. Results 

of this study agree with Lund et al. (2007), who showed that high O2 atmosphere tended to 

increase toughness in meat due to protein oxidation. 

 Regarding connective tissue amount (Table 5), no differences were observed among 

steaks from steers fed corn or WDGS, independently which MAP was used (P > 0.05). Trends of 

higher tenderness ratings were observed for WDGS fed-beef displayed under low O2 and O2-

permeable film when vitamin E was supplemented to cattle (P = 0.06 and P = 0.08, 

respectively). It has been know that higher connective tissue amount is associated with lower 

tenderness (Reagan et al., 1976). Therefore, higher connective tissue ratings were observed for 

beef displayed under high O2 atmosphere. 

 No effects of dietary treatment were observed on juiciness of aged 7 d-steaks (Table 6). 

However, when aged 21 d and displayed under low O2, steaks from steers fed WDGS + E had 

higher juiciness ratings when compared to steaks from animals fed only WDGS. Although 

significant, this effect remained unclear since Arnold et al. (1992) did not observe any effect of E 

supplementation on juiciness.  Regarding MAP, aged 7 d-steaks displayed under high O2 had 

lower juiciness when compared to steaks displayed under low O2. This MAP effect on juiciness 

was not constant in both aging periods. 

 Feeding WDGS and vitamin E supplementation did not influence off-flavor intensity of 

aged 7 d-beef displayed under any MAP. Aged 21 d-steaks from steers fed WDGS had slight, but 

significant increased off-flavor ratings when displayed under low O2 (P = 0.04). Overall, aged 7 
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d-steaks displayed under high O2 showed higher (P ≤ 0.05) off-flavor ratings when compared to 

steaks displayed under O2-permeable film. Likewise, aged 21 d-steaks displayed under high O2 

had higher off-flavor ratings when compared to low O2 and O2-permeable film. Calkins and 

Hodgen (2007) showed that compounds such as aldehydes, lactones, hydrocarbons, furans, and 

ketones are produced during lipid oxidation and led to undesirable off-flavors in meat. In this 

study, higher lipid oxidation was observed in beef displayed under high O2. Therefore, higher 

off-flavor intensity was anticipated due to lipid oxidation results, which were significant higher 

in beef displayed under high O2. 

 

CONCLUSION 

 Vitamin E supplementation and high O2 packaging to improved color stability in steaks 

from animals fed WDGS. Steaks displayed under high O2 atmosphere may show a slight off-

flavor. Vitamin E by itself does not alter tenderness, however, a slight decrease in tenderness and 

increased oxidation are observed when high O2 MAP is used. 
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Table 1. Redness (a*) of strip steaks aged 7d from steers fed WDGS, corn, and WDGS plus different concentrations 
of vit E displayed under different MAP. 

MAP2 Treatment1 days 

Permeable film  1 2 3 4 

 CORN 19.70A 19.30AB 19.08AB 18.46Ba 
 0E 19.47A 19.11A 19.41A 17.95Bab 
 100E 19.08A 18.76A 18.85A 17.40Bb 
 300E 18.99 19.17 19.22 18.42ab 
 500E 19.37A 19.25A 19.28A 18.03Bab 
 1000E 18.93 19.55 19.55 18.91a 
      

High O2      
 CORN 18.55AB 18.26B 19.34A 16.89C 
 0E 18.23AB 17.49BC 18.78A 16.74C 
 100E 18.21AB 18.00B 19.02A 16.69C 
 300E 17.87A 17.88A 18.75A 16.75B 
 500E 18.61A 17.19B 19.23A 16.64B 
 1000E 18.36AB 17.93B 19.04A 16.11C 
      

Low O2      
 CORN 8.18 8.40 8.37 8.37 
 0E 8.07 8.48 8.84 7.79 
 100E 7.73B 8.08AB 8.74A 7.59B 
 300E 7.80 7.92 8.28 7.58 
 500E 8.21 8.24 8.88 8.02 
 1000E 8.48AB 8.37AB 8.81A 7.77B 

1Treatments: CORN (Dry rolled corn), 0E (WDGS), 100E (WDGS + 100E I.U. /daily), 300E (WDGS + 300E I.U. /daily), 500E 
(WDGS + 500E I.U. /daily), and 1000E (WDGS + 1000E I.U. /daily). 
2MAP: Permeable film, High O2 (80-85% O2), and Low O2 (0 - 382 ppm O2).

  

A,B,C Means in the same row within MAP group having different superscripts are significant at P ≤ 0.05. 
a,b Means in the same column within MAP having different superscripts are significant at P ≤ 0.05. 
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Table 2. Redness (a*) of strip steaks aged 21d from steers fed WDGS, CORN, and WDGS plus different 
concentrations of vit E displayed under different MAP. 

MAP2 Treatment1 days 

Permeable film  1 2 3 4 

 CORN 21.77A 20.32B 18.47Cb 16.40Db 
 0E 21.65A 19.72B 17.82Cb 15.79Db 
 100E 21.55A 19.58B 18.20Cb 16.92Dab 
 300E 22.00A 19.98B 19.13Bab 16.94Cab 
 500E 21.47A 19.82B 18.55Cb 16.40Db 
 1000E 22.32A 20.26B 20.13Ba 17.91Ca 
      

High O2      
 CORN 21.93Aa 18.24Bab 19.27Ba 16.92Cab 
 0E 19.91Acd 16.44Bc 17.64Bc 15.85Cb 
 100E 20.37Abc 17.52Cbc 19.07Ba 16.51Cab 
 300E 21.62Aab 18.98Ba 19.62Ba 17.77Ca 
 500E 21.00Aabc 17.81Cab 19.16Ba 17.25Ca 
 1000E 21.24Aabc 18.22Cab 19.89Ba 17.08CDab 
      

Low O2      
 CORN 8.82 8.36a 9.18 8.71ab 
 0E 8.20 7.50ab 8.51 8.40ab 
 100E 8.30BC 7.43Cab 9.63A 8.73ABab 
 300E 8.54AB 7.38Bab 8.76A 8.02ABb 
 500E 8.23A 6.99Bb 8.79A 8.03ABb 
 1000E 8.60AB 8.16Bab 9.44A 9.43Aa 

1Treatments: CORN (Dry rolled corn), 0E (WDGS), 100E (WDGS + 100E I.U. /daily), 300E (WDGS + 300E I.U. /daily), 500E 
(WDGS + 500E I.U. /daily), and 1000E (WDGS + 1000E I.U. /daily). 
2MAP: Permeable film, High O2 (80-85% O2), and Low O2 (0 - 382 ppm O2).

  

A,B,C Means in the same row within MAP group having different superscripts are significant at P ≤ 0.05. 
a,b,c,d Means in the same column within MAP having different superscripts are significant at P ≤ 0.05. 
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Table 3. Least square means of WBSF values of strip loin steaks from steers fed WDGS, CORN, and WDGS plus different concentrations of vitamin 
E displayed under different MAP. 

  Treatments1   Contrasts 

 MAP2 CORN 0E 100E 300E 500E 1000E Average  WDGS vs 
CORN3 

WDGS + E vs 
CORN4 

WDGS vs 
WDGS + E5 

A
g

ed
 

7
d
 High O2 4.00 3.72 3.39 3.86 4.01 3.76 3.79a  0.96 0.07 0.07 

Low O2 3.64 3.55 3.30 3.57 3.34 3.43 3.47b  0.11 0.41 0.23 
OW 3.74 3.43 3.24 3.57 3.39 3.40 3.46b  0.09 0.89 0.04 

             

A
g

ed
 

2
1

d
 High O2 3.64 3.47 3.40 3.76 3.45 3.13 3.47a  0.37 0.97 0.23 

Low O2 3.22 3.59 3.14 3.43 3.26 3.20 3.31b  0.84 0.54 0.39 
OW 3.26 3.30 3.23 3.42 3.37 3.05 3.27b  0.54 0.39 0.93 

a,b Means in the same column within aging having different superscripts are significant at P ≤ 0.05 level. 

1Dietary treatments based on WDGS or corn for 128 d. 
2 MAP: High O2 (80-85% O2), Low O2 (0 - 382 ppm O2), and OW (Permeable film). 
3P value of WDGS (35%) + no vitamin E (0E) vs CORN diet. 
4P value of WDGS (35%) + all vitamin E treatments (0E, 100E, 300E, 500E, and 1000E) vs CORN diet. 
5P value of WDGS (35%) + no vitamin E (0E) vs WDGS (35%) + all vitamin E treatments (100E, 300E, 500E, and 1000E). 
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Table 4. Least square means of subjective tenderness of strip loin steaks from steers fed WDGS, CORN, and WDGS plus different concentrations of vitamin 
E displayed under different MAP. 

  Treatments1   Contrasts 

 MAP2 CORN 0E 100E 300E 500E 1000E Average  WDGS vs 
CORN3 

WDGS + E vs 
CORN4 

WDGS vs 
WDGS + E5 

A
g

ed
 

7
d
 High O2 5.47 5.70 5.73 5.81 5.55 5.63 5.65c  0.31 0.19 0.93 

Low O2 5.93 5.99 6.20 6.37 5.91 5.81 6.03a  0.80 0.37 0.63 
OW 5.77 5.75 5.90 6.11 5.76 5.80 5.85b  0.89 0.36 0.35 

             

A
g

ed
 

2
1

d
 High O2 6.07 6.05 6.22 6.20 5.98 6.09 6.10b  0.84 0.70 0.59 

Low O2 6.25 6.06 6.44 6.51 6.36 6.22 6.31a  0.30 0.30 0.04 
OW 6.11 6.14 6.53 6.33 6.32 6.47 6.32a  0.89 0.02 0.08 

a,b Means in the same column within aging having different superscripts are significant at P ≤ 0.05 level. 

1Dietary treatments based on WDGS or corn for 128 d. 
2 MAP: High O2 (80-85% O2), Low O2 (0 - 382 ppm O2), and OW (Permeable film). 
3P value of WDGS (35%) + no vitamin E (0E) vs CORN diet. 
4P value of WDGS (35%) + all vitamin E treatments (0E, 100E, 300E, 500E, and 1000E) vs CORN diet. 
5P value of WDGS (35%) + no vitamin E (0E) vs WDGS (35%) + all vitamin E treatments (100E, 300E, 500E, and 1000E). 
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Table 5. Least square means of connective tissue of strip loin steaks from steers fed WDGS, CORN, and WDGS plus different concentrations of vitamin E 
displayed under different MAP. 

  Treatments1   Contrasts 

 MAP2 CORN 0E 100E 300E 500E 1000E Average  WDGS vs 
CORN3 

WDGS + E vs 
CORN4 

WDGS vs WDGS + 
E5 

A
g

ed
 

7
d
 High O2 5.70 5.71 5.68 5.96 5.82 5.68 5.75b  0.99 0.53 0.60 

Low O2 5.98 5.80 6.07 6.22 5.94 5.76 5.96a  0.30 0.81 0.15 
OW 5.77 5.71 5.90 6.07 5.92 5.72 5.85ab  0.63 0.22 0.11 

             

A
g

ed
 

2
1

d
 High O2 5.95 5.90 6.23 6.11 6.01 5.99 6.03b  0.72 0.19 0.14 

Low O2 6.22 6.04 6.28 6.38 6.27 6.15 6.22a  0.20 0.57 0.06 
OW 5.96 6.09 6.24 6.20 6.33 6.22 6.17a  0.48 0.23 0.08 

a,b Means in the same column within aging having different superscripts are significant at P ≤ 0.05 level. 

1Dietary treatments based on WDGS or corn for 128 d. 
2 MAP: High O2 (80-85% O2), Low O2 (0 - 382 ppm O2), and OW (Permeable film). 
3P value of WDGS (35%) + no vitamin E (0E) vs CORN diet. 
4P value of WDGS (35%) + all vitamin E treatments (0E, 100E, 300E, 500E, and 1000E) vs CORN diet. 
5P value of WDGS (35%) + no vitamin E (0E) vs WDGS (35%) + all vitamin E treatments (100E, 300E, 500E, and 1000E). 
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Table 6. Least square means of juiciness of strip loin steaks from steers fed WDGS, CORN, and WDGS plus different concentrations of vitamin E displayed 
under different MAP. 

  Treatments1   Contrasts 

 MAP2 CORN 0E 100E 300E 500E 1000E Average  WDGS vs 
CORN3 

WDGS + E vs 
CORN4 

WDGS vs WDGS + 
E5 

A
g

ed
 

7
d
 High O2 5.37 5.32 5.49 5.31 5.37 5.40 5.38b  0.81 0.95 0.74 

Low O2 5.70 5.55 5.76 5.87 5.53 5.59 5.66a  0.43 0.90 0.40 
OW 5.53 5.47 5.65 5.63 5.42 5.36 5.52ab  0.71 0.88 0.75 

             

A
g

ed
 

2
1

d
 High O2 5.60 5.49 5.73 5.70 5.75 5.62 5.62  0.57 0.67 0.32 

Low O2 5.59 5.34 5.76 5.82 5.58 5.47 5.63  0.26 0.39 0.05 
OW 5.55 5.42 5.80 5.55 5.82 5.79 5.64  0.09 0.24 0.29 

a,b Means in the same column within aging having different superscripts are significant at P ≤ 0.05 level. 

1Dietary treatments based on WDGS or corn for 128 d. 
2 MAP: High O2 (80-85% O2), Low O2 (0 - 382 ppm O2), and OW (Permeable film). 
3P value of WDGS (35%) + no vitamin E (0E) vs CORN diet. 
4P value of WDGS (35%) + all vitamin E treatments (0E, 100E, 300E, 500E, and 1000E) vs CORN diet. 
5P value of WDGS (35%) + no vitamin E (0E) vs WDGS (35%) + all vitamin E treatments (100E, 300E, 500E, and 1000E). 
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Table 7. Least square means of off-flavor of strip loin steaks from steers fed WDGS, CORN, and WDGS plus different concentrations of vitamin E 
displayed under different MAP. 

  Treatments1   Contrasts 

 MAP2 CORN 0E 100E 300E 500E 1000E Average  WDGS vs 
CORN3 

WDGS + E vs 
CORN4 

WDGS vs 
WDGS + E5 

A
g

ed
 

7
d
 High O2 2.64 2.92 2.96 2.69 2.61 2.99 2.80a  0.08 0.13 0.41 

Low O2 2.62 2.85 2.72 2.55 2.78 2.83 2.73ab  0.16 0.36 0.36 
OW 2.62 2.84 2.74 2.49 2.69 2.72 2.68b  0.13 0.60 0.17 

             

A
g

ed
 

2
1

d
 High O2 3.04 3.28 3.15 3.04 3.14 3.30 3.16a  0.11 0.27 0.32 

Low O2 2.71 3.02 2.95 2.73 2.83 3.08 2.89b  0.04 0.08 0.30 
OW 2.84 3.11 3.08 2.84 2.93 3.03 2.97b  0.09 0.24 0.29 

a,b Means in the same column within aging having different superscripts are significant at P ≤ 0.05 level. 

1Dietary treatments based on WDGS or corn for 128 d. 
2 MAP: High O2 (80-85% O2), Low O2 (0 - 382 ppm O2), and OW (Permeable film). 
3P value of WDGS (35%) + no vitamin E (0E) vs CORN diet. 
4P value of WDGS (35%) + all vitamin E treatments (0E, 100E, 300E, 500E, and 1000E) vs CORN diet. 
5P value of WDGS (35%) + no vitamin E (0E) vs WDGS (35%) + all vitamin E treatments (100E, 300E, 500E, and 1000E). 
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Figure 1. Discoloration of steaks aged 21 d and packaged with O2-permeable film or under 

high O2 atmosphere. 

 

 

 

1 MAP: High O2 (80-85% O2) and Film (Permeable film). 
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Figure 2. Oxidation of Longissimus dorsi steaks displayed for 4 days under 3 different 

atmospheres. (Treatment*map*day = 0.05)

 

 

 

 1 MAP: High O2 (80-85% O2), Low O2 (0 - 382 ppm O2), and Film (Permeable film). 

a,b,cMeans with different superscripts are significantly different within day 4 (P < 0.05). 
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Figure 3. Warner Bratzler values of Longissimus dorsi displayed under 
1
different 

atmospheres. 

 

 1 MAP: High O2 (80-85% O2), Low O2 (0 - 382 ppm O2), and Film (Permeable film). 
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APPENDIXES  

APPENDIX 1. PROXIMATE ANALYSIS 

 

1. Place crucibles in drying over at 100°C for 4 h and then in the desicator 

2. Place 2 g of pulverized muscle tissue into a crucible  

3. Moisture and ash are determined using the following program 

Trait Covers Ramp Rate Ramp Time Ramp Temp End Temp 

Moisture off 4°C/min 26 min 25°C 130°C 

Ash off 16°C/min 29 min 130°C 600°C 

 

Trait Atmosphere Flow Rate Hold Time Constant Wt Constatnt WtTime 

Moisture off 4°C/min 26 min 25°C 130°C 

Ash off 16°C/min 29 min 130°C 600°C 

 

Equations: 

Initial Wt W[Initial] 

Ash (W[Ash]/W[Initial]*100 

Moisture ((W[Initial-W[Moisture])/W[Initial])*100 

Fat Content 

1. Weigh 2 g of pulverized muscle tissue on Whatman #2 filter paper 

2. Fold and place in Soxhlet apparatus with ethyl ether drip for 48 h 

3. % Fat = (Wet Weight-Dry Weight)/Wet Weight 
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APPENDIX 2. FATTY ACID ANALYSIS 

Folch et al. (1957). Morrison and Smith (1964) and Metcalfe et al. (1966) 

 

1. Weigh out 1 g of pulverized muscle tissue. If extracting subcutaneous fat, weigh out 0.1 g of 

pulverized subcutaneous fat into centrifuge tube. 

2. Add 5 mL of 2:1 chloroform:methanol (v/v) for muscle tissue or 3 mL for subcutaneous fat. 

3. Vortex for 5 s and let stand for 1 h at room temperature. 

4. Filter homogenate through Whatman #2 filter paper into 13 x 150 mm screw cap tube bringing 

the final volume with chloroform:methanol to 10 mL for muscle lipid and 5 mL for subcutaneous 

fat extract. If stopping at this point, purge test tube with nitrogen, cap tube, and store at -80°C. 

5. Add 2 mL of a 0.74% KCl solution for muscle lipid extract or 1 mL for subcutaneous fat 

tissue extract and vortex for 5 s. If stopping at this point, purge test tube with nitrogen, cap tube, 

and store at 0°C for no more than 24 h. 

6. Centrifuge samples at 1000 x g for 5 min. Following centrifugation, aspirate off the aqueous 

phase (top layer). If stopping at this point, purge test tube with nitrogen, cap tube, and store at -

80°C. 

7. Evaporate to dryness under nitrogen at 60°C.  

8. Add 0.5 mL of a 0.5 M NaOH in methanol. Vortex for 5 sec. Heat for 5 min at 100°C. 

9. Add 0.5 mL of boron trifluoride in 14% methanol. Vortex for 5 sec. Heat for 5 min at 100°C. 

10. Add 1 mL of a saturated salt solution and 1 mL of hexane. Vortex for 5 sec. 

11. Centrifuge samples at 1000 x g for 5 min. Following centrifugation, remove hexane layer 

(top layer) making sure not to disrupt the aqueous phase (lower layer) and place in GC vial. 

Purge GC vial with nitrogen, cap and crimp cap, and store at -80°C until sample is ready to be 

read on the GC. 
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GC Settings 

Column- Chrompack CP-Sil 88 (0.25 mm x 100 m) 

Injector Temp- 270°C 

Detector Temp- 300°C 

Head Pressure-40 psi  

Flow Rate-1.0 mL/min 

Temperature Program- Start at 140°C and hold for 10 min. Following 10 min, raise 

temperature 2°C/min until temperature reaches 220°C. At 220°C, hold for 20 min. 
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APPENDIX III. THIOBARBITURIC ACID REACTIVE SUBSTANCES ASSAY 

(Buege and Aust, 1978), Modified by Ahn et al., (1998) 

 

TEP solution (1,1,3,3-Tetraethoxypropane) (Make new weekly) 

Stock Solution: Dilute 99 µl TEP (97%) bring volume to 100 mL ddH2O. 

Working Solution: Dilute stock solution to 1:3 (TEP Solution:ddH2O) (1 × 10-3 M). 

 

TBA/TCA (2-Thiobarbituric Acid/Trichloroacetic Acid) Stock Solution: 1L 

15% TCA (w/v) and 20 mM TBA (MW 144.5) reagent in ddH2O. 

Dissolve 2.88 g TBA in warm ddH2O first, then add TCA (150 g) and ddH2O to 1L. 

 

BHA (Butylated Hydroxy Anisole) stock Solution: 

Make 10% stock solution by dissolving in 90% ethanol.  

10 g BHA dissolved in 90 mL ethanol (90%) + 5 mL ddH2O. 

Standards: In duplicate 

         Moles of TEP 
Blank:   1 mL ddH2O 
Standard 5:  100 µl working TEP + 1.90 mL ddH2O   (5 × 10-5 M) 
Standard 4: 1 mL Std. 1 + 1 mL ddH2O    (2.5 × 10-5 M) 
Standard 3:  1 mL Std. 2 + 1 mL ddH2O    (1.25 × 10-5 M) 
Standard 2: 1 mL Std. 3 + 1 mL ddH2O    (0.625 × 10-5 M) 
Standard 1: 1 mL Std. 4 + 1 mL ddH2O    (0.3125 × 10-5 M) 
  Remove 1 mL of Standard 1 and discard it, leaving 1 mL behind. 
 

Procedure: 

1. Mix all reagents and standards before beginning. 

2. Transfer 5 g powdered sample into a 50 mL conical tube; add 14 mL of ddH2O and 1.0 mL of 

BHA. 
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3. Homogenize for 15 sec with a polytron. 

4. Centrifuge for 2000×g for 5 min. 

5. Transfer 1 mL of homogenate or standard to 15 mL conical tube. 

6. Add 2 mL of TBA/TCA solution, vortex. 

7. Incubate in a 70°C water bath for 30 min to develop color. 

8. Cool samples in a coldwater bath for 10 min. 

9. Centrifuge tubes at 2000×g for 15 min. 

10. Transfer duplicate aliquots of 200 µl from each tube into wells on a 96-well plate. 

11. Read absorbance at 540 nm. 

Calculations: mg of malonaldehyde/kg of tissue 

 K(extraction) = (S/A) × MW × (106/E) × 100 

Where;  S = Standard concentration (1 × 10-8 moles 1,1,3,3-Tetraethoxypropane)/5 mL 

   A = Absorbance of standard MW = MW of malonaldehyde (72.063 g/mole) 

   E = Sample equivalent (1)  P = percentage recovery 

Final calculation: 0.012 × concentration × (72.063 ×106) = mg of Malonaldehyde/kg of tissue 

Reagents (Sigma): TBA- T5500; TCA – T9159; TEP – T9889; BHA – B1253 
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APPENDIX IV. TRAINED SENSORY PANEL EVALUATION FORM 

 
Trained Taste Panel 

Form 

 
Panelist #:              

 

Please evaluate each sensory attributes of the sample by using the rating scale (1-8) and then 
identify the flavor notes associated with the sample. 
 
Rating scales: 
 
TENDERNESS CONNECTIVE TISSUE JUICINESS OFF-FLAVOR INTENSITY 

 

8 Extremely Tender 
7 Very Tender 
6 Moderately Tender 
5 Slightly Tender 
4 Slightly Tough 
3 Moderately Tough 
2 Very Tough 
1 Extremely Tough 

8 No Connective Tissue 
7 Trace amount 
6 Slight Amount 
5 Small Amount 
4 Modest Amount 
3 Moderate Amount 
2 Slightly Abundant 
1 Abundant Amount 

8 Extremely Juicy 
7 Very Juicy 
6 Moderately Juicy 
5 Slightly Juicy 
4 Slightly Dry 
3 Moderately Dry 
2 Very Dry 
1 Extremely Dry 

8 Extremely Intense 
7 Very Intense 
6 Moderately Intense 
5 Slightly Intense 
4 Slightly Mild 
3 Moderately Mild 
2 Very Mild 
1 Extremely Mild 

 

 

Sample 

ID 

Tenderness Connective 

Tissue 

Juiciness  Off-flavor 

Intensity 

Comments 

      

      

      

      

      

      

      

      

 

Off-flavor notes: 

A. Sweet   E.  Livery 
B. Metallic   F.  Bloody 
C. Sour   G. Bitter 
D. Oxidized/rancid/old 
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APPENDIX IV. VISUAL DISCOLORATION SCALE 
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APPENDIX V. COMPOSITION OF TREATMENT DIETS ON A DRY MATTER BASIS 

(EXPERIMENT 1 AND 2). 

 Dietary treatments (%, WDGS) 

Ingredients 0 15 30 

Dry rolled corn 41.25 33.75 26.25 

High moisture corn 41.25 33.75 26.25 

Alfalfa hay 7.5 7.5 7.5 

WDGS - 15 30 

Molasses 5 5 5 

Fine ground corn 1.74 2.97 2.97 

Tallow 0.13 0.13 0.13 

Limestone 1.44 1.5 1.5 

Salt 0.3 0.3 0.3 

Calcium sulfate 0.13 - - 

Beef trace mineral 0.05 0.05 0.05 

Vitamin A, D, E 0.015 0.015 0.015 

Urea 1.15 - - 

Rumensin-80 0.014 0.014 0.014 

Tylan-40 0.008 0.008 0.008 

Thiamine 0.011 0.011 0.011 
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APPENDIX VI. COMPOSITION OF TREATMENT DIETS ON A DRY MATTER BASIS 

(EXPERIMENT 3) 

 Treatments (% MDGS) 

Ingredients 0 10 20 30 40 50 

Dry rolled corn 41.25 38.75 33.75 28.75 23.75 18.75 
High moisture corn 41.25 38.75 33.75 28.75 23.75 18.75 
MDGS 0 10 20 30 40 50 
Alfalfa 7.5 7.5 7.5 7.5 7.5 7.5 
Molasses 5 0 0 0 0 0 
Mineral and vitamin supplement 5 5 5 5 5 5 
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APPENDIX VII. COMPOSITION OF TREATMENT DIETS ON A DRY MATTER BASIS 

(EXPERIMENT 4) 

 Supplemented with E  Non-supplemented with E 

Ingredients 0% WDGS 40% WDGS  0% WDGS 40% WDGS 

Corn (HMC and DRC) 82.5 47.5  82.5 47.5 
WDG 0.0 28.0  0.0 28.0 
Solubles 0.0 12.0  0.0 12.0 
Alfalfa hay 7.5 7.5  7.5 7.5 
Molasses 5.0 -  5.0 - 
Supplement 5.0 5.0  5.0 5.0 
Vitamin E Yes Yes  No No 

*Vitamin E supplementation – 500 IU/ head on daily basis for last 100 d 
WDG – wet distillers grains, DS – distillers solubles, E - vitamin E, HMC – high moisture corn, DRC – 
dry rolled corn) 
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APPENDIX VIII. COMPOSITION OF TREATMENT DIETS ON A DRY MATTER BASIS 

(EXPERIMENT 5) 

 Dietary Treatment 

Ingredients CORN WDGS 

High moisture corn 45.0 27.0 
Dry rolled corn 30.0 18.0 
Silage 15.0 15.0 
Supplement 5.0 5.0 
WDGS - 28.0 
Solubles - 7.0 
Molasses 5.0 0.0 

Vitamin E supplementation in WDGS diets: 0, 100, 300, 500, and 1000 I.U. daily.  
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RECOMMENDATIONS FOR FUTURE RESEARCH 

This research showed that adding levels up to 50% of wet or modified distillers grains 

plus solubles in beef cattle diets (DM basis) did not alter carcass characteristics. However, as 

levels of distillers grains increased in finishing diets, independently of the moisture levels of this 

feedstuff, linear increases of PUFA and trans fatty acids were observed. The increase of PUFA 

decreased lipid and color stability of muscles tested in all studies. Addition of vitamin E helped 

to avoid higher oxidation in beef from animals fed distillers grains and a combination with high 

O2 MAP improved color stability. A singular effect of high O2 MAP increased lipid oxidation, 

off-flavor intensity, and decreased the rate of aging, which generated tougher beef when 

compared to other packaging systems. 

It is clear that vitamin E mitigated the effects of feeding distillers grains on lipid 

oxidation and discoloration. Since color is the most important attribute during retail display, a 

high O2 atmosphere combined with lower levels of vitamin E seems to be a reasonable solution 

to provide desirable color during the retail life. However, the higher off-flavor and lipid 

oxidation in beef displayed under this atmosphere may represent an issue regarding eating 

satisfaction. Similar consequences may happen regarding the lower tenderness. Therefore, more 

research is needed to verify different concentrations of gases in MAP, since they may alter beef 

attributes during the retail display. Additionally, the lowering in tenderness caused by High O2 

MAP when compared to other MAP is not completely understood. Intially, it has been thought 

that the oxidation of calpains could  lead to this problem. However, high calpain activity is 

limited to 72 h in beef. The decrease of the extent of tenderization observed in this study cannot 

be attributed to oxidation of calpains since all muscles used in the last experiment were aged 

vacuum-packaged for at least 7 d. Current research suggest that reactive oxygen species such as 

O2, O3, and H2O2, may cause polymerization and degradation of muscle proteins. Additionally, it 
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is common to observe destruction of aminoacids and cross-linkage of  proteins. In our study, the 

significant decrease in tenderness in beef displayed under high O2 was observed mainly in beef 

displayed after aged for 21 d. Therefore, more research is needed to investigate the role of 

protein oxidation on beef tenderness associated with aging period and MAP. 


