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Summary with Implications

To evaluate the effects of diet and quality
grade on tenderness and oxidative damage to
proteins, strip loins from USDA Upper 2/3
Choice and Select- grade carcasses were ob-
tained. Steers were fed either a diet containing
dry rolled corn, steam flaked corn, dry rolled
corn with 30% dried distillers grains with
solubles, or steam flaked corn with 30% dried
distillers grain with solubles. Results suggest
that steaks from steers fed dry rolled corn are
more objectively tender than steam flaked
corn; in addition, steaks grading USDA Upper
2/3" Choice steaks were more tender when
compared to USDA Select quality grade. In
contrast to previous research, no tenderness
differences were detected between steaks
from steers with or without dried distillers
with solubles. Proteomic analysis revealed
increased oxidative damage of myofibrillar
proteins. Steaks graded as USDA Upper 2/3"
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 myofibrillar oxidative
damage from steers fed DRC with distillers
grains, steam flaked 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 difference.

Introduction

Recent proteomic research has implicat-
ed oxidative stress as a factor that damages
myofibrillar antioxidant enzymes, structur-
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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 flaked corn with dried distillers grains with solubles, or steam flaked corn with-
out dried distillers grains with solubles at USDA Upper 2/3* Choice or Select quality grade (n=36).

Category
Grain DDGS Quality Grade ~ WBSF (kgf) SEM P-value
DRC 3.46° 0.2 0.02
SFC 4.04*
DDGS 3.68 0.18 0.43
No DDGS 3.84
Choice 3.39° 0.23 <0.01
Select 4.11°

* Means in the same column within a category without common superscripts differ (P< 0.05).

‘WBSF: Warner Bratzler shear force.

DRC: Dry rolled corn.

SFC: Steam flaked corn.

DDGS: Dried distillers grains with solubles.

No DDGS: Without dried distillers grains with solubles.

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. Therefore,
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. Therefore, this study was conducted to
evaluate the effects of oxidative damage to
myofibrillar proteins on beef tenderness, as
influenced 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 flaked corn (SFC),
or SFC with 30% DDGS. Thirty-six USDA
Upper 2/3™ Choice and Select carcasses
(21 Upper 2/3" 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. The cooked steaks
were measured and recorded for internal
temperature and weight. The 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 fibers and were sheared
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using a texture analyzer using a Warner-
Bratzler shear blade. The 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 differences
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

The 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 significant. Tenderness de-
termination was analyzed as a randomized
complete block design in a 2x2x2 factorial.
Data were analyzed using PROC GLIMMIX
program of SAS with LSMEANS state-
ment. Specific to the proteomic assay, if the
protein score exceeded 31, the difference of
protein oxidation, to treatment comparison,
was significant. Statistical significance was
determined at P< 0.05.

Results

No differences (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 significantly 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 difference
in tenderness between USDA Upper 2/3
Choice and Select strip loins (P< 0.05), with
USDA Upper 2/3" Choice having lower
WBSE. The lower the WBSF value, the more
tender the sample. These 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

through fat deposition in the marbling
adipocytes.

Protein oxidation in
dry-rolled corn treatment

When comparing the different quality
grades from steers fed DRC without DDGS
diet (Table 2), there was an increase of
oxidative damage in adenylate kinase for
USDA Upper 2/3™ Choice, compared to Se-
lect. While adenylate kinase is a nucleotide
myofibrillar protein involved in maintain-
ing muscular homeostasis, it had increased
oxidative damage of myofibrillar 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 2/3 Choice, compared to
Select. Conversely, USDA Select carcasses
had greater oxidative damage to a crystallin
B chain and ATP synthase proteins. Given
the tenderness advantage for the USDA
Upper 2/3™ Choice carcasses, these results
suggest that oxidative damage to certain
proteins can be associated with increased
tenderness.

For the USDA Upper 2/3* 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
fiber troponin T, and p-enolase, and malate
dehydrogenase. While troponin T degrada-
tion has long been recognized as an indi-
cator of improved tenderness, degradation
of B-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

been hypothesized to improve tenderness,
so increased oxidative damage of those pro-
teins may negatively impact tenderness.

Protein oxidation in the
steam-flaked 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 often associated with
more tender meat; however, the tenderness
data do not support that USDA Select beef
was more tender than USDA Upper 2/3
Choice beef carcasses.

When including DDGS in the SFC diet
(Table 4), USDA Upper 2/3™ 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. The 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 2/3%
Choice beef. The impacts of these changes
are unknown.

In contrast to DRC, SFC without
DDGS resulted in more proteins sustaining
oxidative damage within USDA Upper
2/3 Choice beef from steers fed SFC
containing DDGS (Table 5). The 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 influence
apoptotic processes. Similar to these obser-
vations with USDA Upper 2/3' Choice, the

2021 Nebraska Beef Cattle Report - 77



*2[qe) ) $s019e Ipew a1k suostredwor)

6LL€0T /1€°S 00€T g-umunde-eydry INLOV §50Z€0
IST°C0T /1€°S PIST ¢-utunde-eydyy ENLOV 611100
3seq LY Wnnonax
0£€°68 / €T'S 00968 /86'% €091  drwsedopua [euonisuely, VYdL LLIZED 88
aseuaorpAyap ajeydsoyd NIA
898°S€ /IS8 89€65 /096 6LE -¢-opAyap[e1d4[D -0d deD 96001d 181
!
8ESTY /87’8 14 aseupy ajesdok[Soydsoyq >15d 9d0LED
9TE LY/ LE9 1oy asejoud-eydry TONA 7ISX60
sniney NIAOd
960°L¥/ 09°L  96T°8YV /L1'6  LTS6 SOg=SQ 9se[oua-elog “doNd 600Z€0 81¢C
7 dWAZost srurse[dojfo
asejeydsoydsiq [(+)aVN] aseuadorpAy
L9L°9€ [TS'L (G744 -9°T-9s03onL] odgd 6(0170 8V9°LE /TV'9 ST -op areydsoyd-¢-1010419 1adS 88VHSO
srurse[dojfo
[()avN]
aseuaforpLyap
aeydsoyd
8¥9°LE TV 000TH /88°L 341 -€-[01924[D 1add  88VASO S 686°TY/ €99 ¥8FIF /108 890  2dA1- aseuny suneard IO 90SX60 6T
ULIOJOST d[dSNUI
19[S 7 ureyd
81y L101eNSax ureyd y
0T0°6T /88F  TO9FI /L8F 86C¢ uIsoAy AdTAN  1£5d0D 06¢ 865°9€ /T1'8  S6V9€ /€€6 78¢T aseusdoIpAyap aye30e[-T VHAT 86861d 8T
apein) AJIfeng) 103[9§ UI SFBWEP JANBPIXO PISLIIIU] apeIn) Airend) 910y /¢ 12ddn) vasn a8eurep aaneprxo pasearouy
$OAA YPM DAS
urajord
'Y 1£ Aeudod
WCTIL/LES  ¥89°S9 /S¥'E 9TT¥ A20Ys Jeoy 8VdSH 0T161d 0ST
apein) Ajifeng) 109[2§ Ul dFeWEP JANBPIXO PISLIIOU] apeIn Airend) 2910y ,€/7 22ddn vasn ur afewep aaneprxo pasearduy
SO moynm s
[e2021091)  [ejuowiadio 21008 ur2j01g ADY  drumoid rlods [eonaroay)  peyudwad 21008 uraj01d AV A1 ujo1g ariods
MN/Id MIN/Id MN/Id X0 MIN/Id

‘suresd SI9[IIISIP INOY)IM IO YIIM UIOD PIXR[J Wed)s PaJ $193)s WIOIJ JA3q 193]S 10 I0YD) ,,¢/7 Bddd) YASN Wwoay paaLiap sjods ursjoid pajejfuoqies jo sonsuajoerey) y d[qe],



*a[qe) aY) ssooe apew are suostieduwror

[eLIpUOydOj I

65€°S8 /L8'L 81¢ ‘asereIpAy djeIu0dy 00V %0002d 601
WLI0J dosnuu
€67°L6 /S99  SP6'9L/sL'8 0481  ‘asejdroydsoyd uaood[H INOAd vee6Ld 001
SO M 2FeWEp IATEPIXO PIseaIdU] SO INOYIIM dFeUIRP SATIEPIXO PISEIIIU]
ape1n Apend 19pS VASN - DS

[eLIPUOYOOIIW

I yrungns xa[d
9EL'TS F6'S  89€°6S /86'S 156 -wod [2-qAWoIPoIL)  1DYO0N 0081€d 6L1

LE8TE /99F y6r  ureyd epq uisofwodory, TNdLL SISO
ureyd
S69TE /69F  TIT'SV/LSE  99% 1-eydre ursofwodoay, TNdL 6VIMSO 6£T
0LE'6T /TLL  LETST/9%'6  9TIE € dseIphyue oruoqre) €VO PXZSED see
ULIOJOST
202,_5 ﬁﬁuﬁuvﬂm aN G_NLU
01061 /88F 091 //8F%  86T€ 131 103em3ar ursofy JdTAN 1£5d00D 06
EkO.«Ow_
MUwSE ﬁwuuﬁuvﬁm AN Q_NLU
LSO'ST 9V’ TLVI /ST6 8T 1-uryoid INdd  #8520d 95¥ 01061 /88F  T09%1//8F%  ¥6 81 £1078MB21 UISOAN AdTAN 1£5d00D SS¥
SO M 2FeWEp IAEPIXO PIseaIdU] SO INOYIIM dFeUIRP SATIEPIXO PISEIIOU]
ape1n Ayen) 2104 /7 2ddn vasn - 04
[eo12109Y)  [eIUSWILIAdXD 21009 urajoIg AV drumoig ylods [eone1oay)  ejuouniddxe 91009 uroIg AV 1 uroig arlods
MIN/Id MIN/Id MIN/Id MIN/Id

‘apead Lypenb sures oy Je sureid SIATISIP INOYIIM IO YIIM WLI0D PIYR[J Wed)s PaJ $193)s WIOIJ J99q WOIJ PIALIIP s)ods ura)oid pajejuoqies Jo onsrv)deIey)) *G A[qeL,



SEC 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 effects of DDGS
in SFC diets are contrary to the effects of
DDGS in DRC diets, indicating the need
for further investigation.
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Conclusions

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