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Summary with Implications

To evaluate the e! ects of diet and quality 
grade on tenderness and oxidative damage to 
proteins, strip loins from USDA Upper 2/3rd 
Choice and Select-  grade carcasses were ob-
tained. Steers were fed either a diet containing 
dry rolled corn, steam " aked corn, dry rolled 
corn with 30% dried distillers grains with 
solubles, or steam " aked corn with 30% dried 
distillers grain with solubles. Results suggest 
that steaks from steers fed dry rolled corn are 
more objectively tender than steam " aked 
corn; in addition, steaks grading USDA Upper 
2/3rd Choice steaks were more tender when 
compared to USDA Select quality grade. In 
contrast to previous research, no tenderness 
di! erences were detected between steaks 
from steers with or without dried distillers 
with solubles. Proteomic analysis revealed 
increased oxidative damage of myo# brillar 
proteins. Steaks graded as USDA Upper 2/3rd 
Choice steaks were determined to generally 
have increased oxidative damage to glycolytic, 
structural, and heat shock proteins, compared 
to USDA Select quality grade. While samples 
from steers fed dry rolled corn were more ten-
der and had increased myo# brillar oxidative 
damage from steers fed DRC with distillers 
grains, steam " aked corn-  related treatment 
displayed the inverse response. Overall, results 
support the relationship between marbling 
and tenderness, and suggest oxidative stress 
may be a factor involved in this di! erence.

Introduction

Recent proteomic research has implicat-
ed oxidative stress as a factor that damages 
myo" brillar antioxidant enzymes, structur-

 Proteomic Analysis of Oxidized Proteins in Beef

al, and heat shock proteins. Oxidative stress 
occurs as a result of increased reactive 
oxygen species that overwhelms antioxi-
dant defenses in the body, causing cellular 
damage. While oxidative stress seems to 
impact tenderness in beef, research in 
human nutrition has determined high- fat 
diets can induce oxidative stress. ! erefore, 
high- fat diets like distillers grains may 
induce oxidative stress in the cattle. It is 
commonly recognized that feeding high- fat 
diets such as those containing distillers 
grains promotes increased rate of marbling 
deposition. Research has long recognized 
the evident relationship between marbling 
and tenderness. Perhaps oxidative damage 
to proteins occurs in highly marbled beef 
and thereby potentially enhances tender-
ness. ! erefore, this study was conducted to 
evaluate the e# ects of oxidative damage to 
myo" brillar proteins on beef tenderness, as 
in$ uenced by diet and marbling.

Procedure

A total of 240 steers were randomly 
block assigned by weight among 24 pens 

(10 head/pen) and fed for 202 d on diets 
containing dry rolled corn (DRC), DRC 
with 30% dried distillers grains with 
solubles (DDGS), steam $ aked corn (SFC), 
or SFC with 30% DDGS. ! irty- six USDA 
Upper 2/3rd Choice and Select carcasses 
(21 Upper 2/3rd Choice and 15 Select) were 
selected and strip loins were collected. Beef 
strip loins were aged for 2 d and then fab-
ricated into steaks for objective tenderness 
and samples were diced, frozen in liquid 
nitrogen, and blended into a powdered 
sample for proteomic analysis.

Tenderness

Internal temperature and initial weight 
of raw steak (1 inch thick) were recorded. 
Steaks were cooked to a target temperature 
of 160°F on a belt grill. ! e cooked steaks 
were measured and recorded for internal 
temperature and weight. ! e steaks were 
individually bagged and stored overnight 
at 36°F for WBSF analysis. On the follow-
ing day, six (0.5- inch diameter) cores were 
removed using a drill press going parallel 
to the muscle " bers and were sheared 

Table 1. Warner Bratzler Shear Force of strip loin steaks (L. lumborum) from steers fed either with dry 
rolled corn with dried distillers grains with solubles, dry rolled corn without dried distillers grains 
with solubles, steam ! aked corn with dried distillers grains with solubles, or steam ! aked corn with-
out dried distillers grains with solubles at USDA Upper 2/3rd Choice or Select quality grade (n=36).

Category

WBSF (kgf) SEM P- valueGrain DDGS Quality Grade
DRC 3.46b 0.2 0.02

SFC 4.04a

DDGS 3.68 0.18 0.43

No DDGS 3.84

Choice 3.39b 0.23 <0.01

Select 4.11a

a,b Means in the same column within a category without common superscripts di# er (P< 0.05).
WBSF: Warner Bratzler shear force.
DRC: Dry rolled corn.
SFC: Steam $ aked corn.
DDGS: Dried distillers grains with solubles.
No DDGS: Without dried distillers grains with solubles.
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been hypothesized to improve tenderness, 
so increased oxidative damage of those pro-
teins may negatively impact tenderness.

Protein oxidation in the 
steam- " aked corn treatment

When comparing quality grades beef 
from steers fed SFC without DDGS diet 
(Table 4), there was an increase of oxidative 
damage in a heat shock protein in USDA 
Select beef carcasses. Increased oxidation of 
heat shock proteins is o% en associated with 
more tender meat; however, the tenderness 
data do not support that USDA Select beef 
was more tender than USDA Upper 2/3rd 
Choice beef carcasses.

When including DDGS in the SFC diet 
(Table 4), USDA Upper 2/3rd Choice beef 
carcasses had considerably more proteins 
that were oxidized than USDA Select beef, 
including oxidation of structural proteins 
(the actinins) and proteins associated with 
glycolysis. ! e glycolytic enzymes are not 
only valuable to producing energy in low 
oxygen conditions but during slaughter 
when the lack of oxygen shunts ener-
gy production to mostly glycolysis and 
the lactic acid pathway. Damage to such 
systems could conceivably allow early 
postmortem release of calcium, stimulating 
calpain enzymes which accelerate ten-
derization. Alternatively, there was more 
sustained oxidative damage in myosin and 
a few glycolytic proteins in USDA Select 
beef when compared to USDA Upper 2/3rd 
Choice beef. ! e impacts of these changes 
are unknown.

In contrast to DRC, SFC without 
DDGS resulted in more proteins sustaining 
oxidative damage within USDA Upper 
2/3rd Choice beef from steers fed SFC 
containing DDGS (Table 5). ! e oxidized 
proteins include myosin, tropomyosin, and 
cytochrome b- c1 complex. With myosin 
and tropomyosin being structural proteins, 
increased oxidative damage may indicate 
decreased structural integrity at the acto-
myosin cross- bridge, which may improve 
tenderness. Damage to cytochrome b- c1 
complex can impact ATP production by 
negatively impacting the electron trans-
port chain. Furthermore, it may impact 
cytochrome c, a protein that can in$ uence 
apoptotic processes. Similar to these obser-
vations with USDA Upper 2/3rd Choice, the 

through fat deposition in the marbling 
adipocytes.

Protein oxidation in 
dry- rolled corn treatment

When comparing the di# erent quality 
grades from steers fed DRC without DDGS 
diet (Table 2), there was an increase of 
oxidative damage in adenylate kinase for 
USDA Upper 2/3rd Choice, compared to Se-
lect. While adenylate kinase is a nucleotide 
myo" brillar protein involved in maintain-
ing muscular homeostasis, it had increased 
oxidative damage of myo" brillar proteins 
in tender beef in previous research. In beef 
from steers fed DRC with DDGS, some heat 
shock proteins exhibited oxidative damage 
for USDA Upper 2/3rd Choice, compared to 
Select. Conversely, USDA Select carcasses 
had greater oxidative damage to α crystallin 
β chain and ATP synthase proteins. Given 
the tenderness advantage for the USDA 
Upper 2/3rd Choice carcasses, these results 
suggest that oxidative damage to certain 
proteins can be associated with increased 
tenderness.

For the USDA Upper 2/3rd Choice 
carcasses from steers fed a DRC diet, the 
addition of DDGS was associated with a 
wide array of oxidative damage of proteins 
(Table 3), including slow- twitch skeletal 
muscle and fast- twitch skeletal muscle 
" ber troponin T, and β- enolase, and malate 
dehydrogenase. While troponin T degrada-
tion has long been recognized as an indi-
cator of improved tenderness, degradation 
of β- enolase is a protein only recently been 
reported to indicate improved tenderness. 
Intact malate dehydrogenase, alternatively, 
has been positively related to improved 
tenderness. For the USDA Select beef from 
steers fed DRC diet treatment, the addition 
of DDGS was associated with increased 
oxidative damage to the structural protein 
desmin and heat shock protein 60kDa. As 
heat shock proteins help stabilize cells and 
have been related to increased toughness 
in beef, increased oxidative damage of heat 
shock proteins are related to improved ten-
derness. Similarly, damage to desmin would 
support improved tenderness. For USDA 
Select beef from cattle fed DRC without 
DDGS, oxidative damage was associated 
with apoptotic proteins galectin and cyto-
chrome- c oxidase. Apoptotic proteins have 

using a texture analyzer using a Warner- 
Bratzler shear blade. ! e WBSF values were 
averaged from each steak for statistical 
purposes.

Proteomics

About 50 mg of powdered beef samples 
were utilized to extract, separate, and iden-
tify proteins for proteomic analysis. Sample 
comparisons include evaluating di# erences 
due to dietary treatment of DRC with or 
without DDGS that were Choice or Select 
quality grade or SFC with or without DDGS 
that were Choice or Select quality grade.

Statistical analysis

! e processing method of corn, ad-
dition or absence of DDGS, and quality 
grade served as the main plot factors. For 
proteomic analysis, if the protein oxidative 
damage score was greater than 31, then the 
comparison was signi" cant. Tenderness de-
termination was analyzed as a randomized 
complete block design in a 2×2×2 factorial. 
Data were analyzed using PROC GLIMMIX 
program of SAS with LSMEANS state-
ment. Speci" c to the proteomic assay, if the 
protein score exceeded 31, the di# erence of 
protein oxidation, to treatment comparison, 
was signi" cant. Statistical signi" cance was 
determined at P< 0.05.

Results

No di# erences (P= 0.43) in tenderness 
were observed to be associated with the 
addition or absence of DDGS in the diet 
(Table 1). In previous research, a tenderness 
advantage has been reported for steaks 
from cattle fed DDGS, especially early 
postmortem. Steaks from steers fed DRC 
had signi" cantly lower WBSF than steaks 
from steers fed SFC (P< 0.05) indicating 
that steers fed DRC were more tender than 
steers fed SFC. Also, there was a di# erence 
in tenderness between USDA Upper 2/3rd 
Choice and Select strip loins (P< 0.05), with 
USDA Upper 2/3rd Choice having lower 
WBSF. ! e lower the WBSF value, the more 
tender the sample. ! ese results suggest 
that while the addition of DDGS may 
not improve tenderness, the substitution 
of DRC for SFC can improve tenderness 
along with improving USDA quality grade 
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Conclusions

USDA Upper 2/3rd Choice beef was 
more tender and generally had increased 
oxidative damage in proteins, compared to 
USDA Select beef. ! is gives credence to the 
hypothesis that there is a relationship be-
tween marbling and tenderness which may 
be mediated through oxidative damage to 
proteins. Con$ icting results were observed 
on the e# ects of DDGS when comparing 
DRC- based diets to SFC- based diets.

SFC without DDGS diet resulted in more 
oxidative damage within the USDA Select 
beef, as well, when compared to USDA 
Select beef from diets containing SFC and 
DDGS. In this study, the e# ects of DDGS 
in SFC diets are contrary to the e# ects of 
DDGS in DRC diets, indicating the need 
for further investigation.
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