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EFFECTS OF NONPROTEIN NITROGEN SOURCE
INBLOCKSON INTAKE AND DIGESTION OF
PRAIRIE HAY BY STEERS

C. A. LOest, E. C. Titgemeyer, J. S. Drouillard,
B. D. Lambert, and A. M. Trater

Summary

This intake and digestion study evauated
source of nonprotein nitrogenincooked molas-
ses blocks supplemented to 18 steers (590 Ib)
with ad libitum access to prarie hay,
Trestments were 1) control (no block), 2) a
block containing 60% crude protein with 83%
from urea (UREA block), and 3) a block con-
taining 60% crude protein with 42% from urea
and 42% frombiuret (UREA/BIURET block).
Blocks were broken into smdl pieces to fadli-
tate rgpid consumption and fed once daly at
.125% of body weight. Forage intake in-
creased by 22%, total intakes (forage plus
block) increased by 28%, and digestible organic
matter intakes increased by 52% when either
UREA or UREA/BIURET blocks were fed.
Totd diet digedtibilities dso increased with
block supplementation. Intakes and digesti-
bilittes were gmila for the UREA and
UREA/BIURET blocks. Supplementing prairie
hay with cooked molasses blocks containing
high levds of nonprotein nitrogen increased
intake and digestion, but replacing hdf of the
ureawith biuret had little effect.

(Key Words. Steers, Forages, Urea, Biuret.)
Introduction

Dormant range forages are often low in
important nutrients, particularly protein. Provid-
ing supplementa crude protein, such as non-
protein nitrogen (NPN) or rumen-degradable
protein, to cattle consuming these low-qudity
forages improves animd peformance and
forage utilization. Urea, the most common
supplemental NPN source, releasesits nitrogen
rather rapidly in the rumen and thusis not well
synchronizedwiththe dower releaseof ferment-
able energy from forages. A more dowly

released NPN source, such as biuret (a com-
pound formed by thermd trestment of ureq),
might improve rumina fermentation and forage
utilization. Our objective was to evauate the
effects of NPN source (urea or biuret) in
cooked molassesblocksonintake and digestion
of low-quality forage by steers.

Experimental Procedures

Eighteen steers (590 Ib initid body weight)
were used in acomplete block desgn. Steers
were housed in individud pens with drinking
water avallable at dl times. Eachsteer received
20 grams of plain st daily and had ad libitum
access to coarsely chopped prairie hay; offered
at 120% of the average intake for the previous
5 days. Treatmentswere 1) control (no supple-
mentation), 2) a cooked molasses block con-
taining 60% crude protein with 83% from urea
(UREA block), and 3) a cooked molasses
block containing 60% crude protein with 42%
from urea and 42% from biuret
(UREA/BIURET block). Thecooked molasses
blocks were broken into amdl pieces and fed
daly a 0.74 Ib as is (.125% of initial body
weight). The experiment lasted 21 days; 15
days for adaptationand 6 days for the collection
of orts (feed refusdls) and feces (fecal collection

bags).
Results and Discussion

The prairie hay contained (dry basis) 5.5%
crude protein and 69.5% neutra detergent fiber
(NDF). Crude protein in the UREA and
UREA/BIURET blocks averaged 61.6% (dry
basis), which was close to the expected vaues
(60% as fed).



Intakes of forage organic matter, NDF, and
crude protein increased (P<.08) by 22%, and
total intakes (forage plus cooked molasses
blocks) of organic matter and NDF increased
(P#.05) by 28% and 23%, respectively, when
ether UREA or UREA/BIURET blocks were
fed (Table 1). Totd crude protein intakes
nearly doubled (P<.01) when blocks were
provided. Digestible intakes of organic matter
increased by 52% (P<.01) and those of NDF
by 47% (P<.01) when blocks were fed. In-
creased digedible organic metter intake, an
indication of the available energy intake, was
due partly to increased dry matter intakes and
partly to an 18% improvement (P<.01) in
organic matter digestibility when steersreceived
blocks (Table 1). The improvement in organic
matter digestion appeared to be due to greater
(P<.01) NDF digedtihilities.

Steersreceiving UREA blocks had greater
digesible crude protein intakes than steers
recaiving the UREA/BIURET block, but this
difference has limited biologica sgnificance
Organic matter and NDF intakes and digest-
ibilities were not sgnificantly different between
blocks. Although steers receiving the UREA
block tended to have greater intakes and digest-
ibilities, these differences were smdl and not
satisticaly significant (P$.12).

Providing cooked molassesbl ocks contain-
ing 60% crude protein and high levels of NPN
increasedintake and digestionof prairie hayfed,
but replacing hdf of the ureaiin the blocks with
biuret affected neither intake nor digestion.

Table 1. Effects of Supplementation on Intake and Digestion by Steers

Treatment®
ltem Control Urea UrealBiuret SEM
Forage intake, [b/day
Organic matter 9.6 11.8 11.6 .82
Neutral detergent fiber 7.2 8.9 8.8 .61
Crude protein .58 71 .70 .051
Tota intake, [b/day
Organic matter® 9.6 12.4 12.2 .82
Neutral detergent fiber 7.2 8.9 8.8 .61
Crude protein® 58 1.15 1.12 051
Digedtible intake, 1b/day
Organic matter® 5.0 7.7 7.4 44
Neutra detergent fiber® 35 5.3 5.1 31
Crude protein™ 20 63 57 021
Digedtion, %
Organic matter® 52 63 61 15
Neutra detergent fiber® 49 60 58 19
Crude protein® 34 55 51 1.8

4Urea = cooked molasses block containing 60% crude protein with83% from urea; Urea/Biuret =
cooked molasses block containing 60% crude protein with 42% from urea and 42% from biuret.

®Average of blocks different than control (P<.05).

“Urea block different than Urea/Biuret block (P<.05).
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EFFECTS OF NONPROTEIN NITROGEN SOURCE
IN BLOCKSON RUMEN PARAMETERS OF
STEERSFED PRAIRIE HAY

C. A. LOest, E. C. Titgemeyer, J. S. Drouillard,
B. D. Lambert, and A. M. Trater

Summary

Sx rumindly cannulated steers (1012 |b)
were fed prarie hay ad libitum supplemented
with cooked molasses blocks that contained
ether 60% crude protein 83% of which came
from urea (UREA block) or 60% crude protein
with 42% from urea and 42% from biuret
(UREA/BIURET block). Blocks were broken
into smdl pieces to facilitate consumption and
were fed once daly at .125% of body weight.
Rumen samples were collected on days 3, 7,
14, and 21 a0, 1, 2, 4, 6, 8, 12, and 16 hours
after feeding blocks. Averaged over time
rumind anmonia and total voldile fatty acid
concentrations and plasma urea concentrations
were lower (P<.05) for steers fed the UREA/-
BIURET block than for those fed the UREA
block. Acetate and propionate concentrations
followed patterns amilar to those of total voldtile
fatty acids, whereas butyrate increased rgpidly
after block consumption. Reease of anmonia
from biuret was not demondgirated clearly.
Rumind ammonia concentrations were no
greater with the UREA/BIURET block at times
digant from feeding thanwiththe UREA block.

(Key Words. Steers, Forages, Urea, Biuret.)
Introduction

Cattle consuming dormant range often are
supplemented with crude protein as nonprotein
nitrogen (NPN) or rumina degradable protein.
Although a common NPN source is ureg, its
release of nitrogen in the rumen is rather rapid
and not well synchronized with the dower
release of fermentable energy from forages.
Thisrapid nitro-

genrelease canresult intoxic levels of anmonia
A more dowly released NPN source, such as
biuret (a compound formed by thermd treat-
ment of urea), might reducethe risk of anmonia
toxicity and aso improve synchronization of
nitrogenrel ease and carbohydratefermentation.
Our objective was to evauate the effects of
NPN source(ureaor aurealbiuret combination)
in cooked molasses blocks onrumind parame-
ters and plasma urea concentrations.

Experimental Procedures

Sx rumindly cannulated steers (1012 Ib
initid body weight) were used in a completey
randomized design. Steers were housed in
individud tie-stdls where they had free access
tofreshwater. Each steer received 20 grams of
plan st daly and was offered coarsdly
chopped prarie hay a 120% of the average
intake for the previous 5 days. Treatments
were 1) a cooked molasses block that con-
tained 60% crude protein, 83% of which came
from urea (UREA block) and 2) a cooked
molasses block that contained 60% crude
protein with 42% from urea and 42% from
biuret (UREA/BIURET block). The cooked
molasses blocks were broken into smdl pieces
and fed dally at 1.26 Ib (.125% of initid body
weight). On sampling days, steers were d-
lowed 30 minutes to consume their block. Any
unconsumed block wasthen placed directly into
the rumen viarumen cannulae. The experiment
lasted 21 days. Rumen contents were sampled
viathe rumen cannulaondays 3, 7, 14, and 21
a0,1,24,6,8, 12, and 16 hoursafter blocks
werefed. Jugular blood sampleswerecollected
on each of the sampling days at 5 hours after
blocks were fed.



Results and Discussion

The prairie hay contained (dry basis)
5.5% crude protein and 69.5% neutral deter-
gent fiber (NDF). Crude protein in both
UREA and UREA/BIURRT blocks averaged
61.6% (dry basis), which was close to the
expected values (60% as fed).

Ruminal parametersremained similar on
the different sampling days (days 3, 7, 14,
and 21), suggesting that adaptation to biuret
was either rapid (within 3 days) or had not
occurred before the end of the 2 1 -day study.
Rumen ammonia concentrations were similar
with UREA and UREA/BIURET blocksat 1
hour postfeeding and at 12 hours or more
postfeeding, but were lower for the
UREA/BIURET block at 2,4, and 8 hours
after block feeding (Figure 1). As a resullt,
ruminal ammonia concentrations, averaged
over time, were lower (P<.05) for steers
receiving the UREA/BIURET block (10.0
mM) than those receiving UREA block (15.1
mM). Furthermore, plasma urea concentra-
tions averaged 3.14 mM for steers receiving
the UREA/BIURET block vs. 4.12 mM for
steers supplemented with a UREA block
(P<.05). These differences may indicate that
less ammonia was produced from microbial
fermentation of blocks containing biuret.
Because biuret is considered a slowly re-
leased source of ammonia, greater ruminal
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ammonia‘ concentrations at 8 hours or more
postfeeding would have been expected if the
total supplies of ammonia from the two
blocks were similar.

For steers fed UREA blocks, ruminal pH
was higher at 2 and 4 hours postfeeding,
corresponding to higher rumina ammonia
concentrations. A lower pH at 16 hours may
have been due to higher totai VFA concen-
trations (Figure 1). Rumen total VFA con-
centrations averaged over time were 92.8
mM for the UREA block vs. 89.1 mM for the
UREA/BIURET block (P<.05). Vaueswere
similar up to 6 hours after feeding, but dif-
fered thereafter. This may indicate a shift in
rumina fermentation from differencesin
nitrogen availability. Patterns of ruminal
acetate and propionate concentrations were
amilar to those for tota VFA concentrations.
Ruminal butyrate concentrations increased
rapidly after the feeding of either block
because of the fermentation of sugarsin the
molasses component.

Steers fed UREA/BIURET blocks had
lower rumen ammonia and plasma urea
levels, indicating a reduced risk of ammonia
toxicity. In fact, our data do not clearly
demonstrate the release of ammonia from
biuret. It is possible that reducing urea rather
than replacing a portion with biuret would
yield similar results.
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Figure 1. Effect of Supplementation on Ruminal Parameters of Steers



Cattlemen’s Day 2000

EFFECTSOF FREQUENCY OF SUPPLEMENTATION
ON PERFORMANCE OF BEEF COWS
GRAZING WINTER PASTURE

C. G. Farmer, R. C. Cochran, D. D. Simms?,
E. A. Klevesahl, and T. A. Wickersham

Summary

One hundred twenty spring-calving Here-
ford x Angus cows grazing low-quality
tallgrass-prairie forage duringthe winter of 1998
werefed a43% crude protein supplement 2, 3,
5, or 7 daysaweek. Supplement wasfed at 4
Ib/head daily to cows supplemented daily. The
other cows dill received 28 Ib per week but
divided equaly among feedings. Cumulaive
performance (measured by changes in body
condition score and body weght) was dightly
better with increased supplementation fre-
quency. However, the magnitude of differences
in body condition and body weight changes,
even for the most extreme trestment compari-
sons, were reldively smal.

(Key Words. Forage, Supplementetion, Fre-
quency.)

Introduction

Wheretime dlowsand beef cowsare eesly
accessible, they often are supplemented daily.
However, long traveling distances and scarcity
of time and/or labor make lessfrequent supple-
mentation attractive.  Previous research at
Kansas State University indicated that reducing
supplementation frequency from daily to three
times weekly caused only dight decreases in
body weight and body condition scores. Our
objective was to evauate the impact of severd
supplementation  frequencies on  winter
performance of range beef cows.

1Consolidated Nutrition, Omaha, NE.

Experimental Procedures

During the winter of 1998-99, supple-
mentation frequency was studied with spring-
cadving cows grazing low-quality, talgrass-
prairie range. One hundred twenty Hereford x
Angus cows were weighed and body condition
was scored (1 to 9 scale) on December 7,
1998. Initid condition score averaged 5.3, and
intial body weight averaged 1183 Ibs. Cows
were dratified by body condition score and
body waght and assgned randomly within the
strata to one of three pastures. Within each
pasture, cows were assigned randomly to one
of four supplementation frequencies. 1)
supplementation 2 days a week (Tuesday and
Friday); 2) supplementation 3 days a week
(Monday, Wednesday, and Friday); 3)
supplementation 5 days a week (Monday-
Friday); and 4) supplementation7 days aweek.
The supplement contained 43% crude protein
andwasfed at 4 |bs’head daly (as-fed) to cows
that received daly supplement. Cows in other
treatmentswereoffered 28 Ib of supplement per
week but evenly split among the supple-
mentationevents. For example, cowsthat were
offered supplement 2 days a week received
their total weekly dlotment of supplement intwo
14 b portions. There was no supplement
wastage even when 14 bs of supplement was
presented at once. All cows were gathered
daily and sorted into their respective trestment
groups regardless of their supplementation
schedule. For gatistical purposes, trestment
group within a pasture was the experimental
unit. Cows were weighed and body condition
\g/%s scored again onJanuary 8, on February 8,



within 48 hours after caving. Caves were
weighed within 48 hours after birth.

Results and Discussion

Cows logt less (linear, P=.02) body condi-
tionfromtrid inititionto February 8 as supple-
mentation became more frequent (Table 1).
During the same period, cows gained more
(linear, P=.02) as supplementation frequency
increased (Table 2). Regresson equationswere
used to describe the relationships between
supplementation frequency and changesin both
body condition and body weight. For each
increase in weekly supplementation frequency,
E)_ody condition score improved by .05 units
ie,re

duced loss) and body weight increased by 4.4
Ibs. However, body condition changes in the
period before calvinglessened the magnitude of
cumulative change from the beginning of the
study through caving. CAlf birth weights were
not affected by treatment (Table 3).

This experiment indicated that more fre-
quent supplementation of beef cows will im-
prove the response only dightly. The smdl
performancedifferences with changing frequen-
cies suggest that reducing supplementation
frequency is a vigdle practice, paticularly if
cows enter the wintering period in reasonably
good condition, and if the intervas between
supplementation events are not extreme.

Tablel. Influenceof Frequency of Supplementation on Beef Cow Body Condition (BC)

Treatment? Contrasts (P-Vaues)®

Item 2-day 3-day b5-day 7-day SEM L Q C
No. of cows 30 30 30 30
Initid BC score 5.27 5.30 5.27 530 .024 61 8l .26
Period BC changes

7 Dec—8 Jan .06 A3 .16 19 044 .09 56 .57

8Jan—-8 Feb -.44 -.34 -.29 -27  .054 .07 40 64

8 Feb—Caving -.31 -.39 -.62 -54 .088 .06 20 B2
Cumulative BC changes

7 Dec—8 Feb -.38 -21 -.13 -08 .068 .02 30 .47

7 Dec — Calving -.73 -.63 -.75 -66 .050 .81 70 .11
Ending BC score 4.53 4.69 4.52 463 .043 .76 80 .02

Treatment: The number of days per week when supplement was offered: 2-day=2 days a week;
3-day=3 days a week; 5-day=5 days aweek; 7-day=7 days a week.

bContrasts: L=Linear; Q=Quadratic; C=Cubic.



Table 2. Influence of Frequency of Supplementation on Beef Cow Body Weight

Trestment? Contrasts (P-Vaues)®
ltem 2-day 3-day 5day 7-day SEM L Q C
No. of cows 30 30 30 30
Initid wt.,|b 1198 1168 1192 1172 123 44 .97 .10

Period weight changes, Ib
7 Dec- 8 Jan 32.0 45.4 47.1 51.1 3.95 .02 24 23
8Jan- 8Feb -128  -16.3 -5.0 -10.2 555 44 59 31
8Feb-Cdving -1826 -182.1 -190.8 -177.8 6.91 82 .29 47
Cumulative weight changes, Ib
7 Dec- 8 Feb 19.2 29.0 42.2 409 555 02 .19 .88

7Dec-Cdving -1639 -1486 -148.7 -131.3 6.60 02 94 22
Ending wt., Ib 1032 1032 1044 1045 144 44 .89 .79

Treatment: The number of days per week when supplement was offered: 2-day=2 days aweek;
3-day=3 days aweek; 5-day=5 days aweek; 7-day=7 days aweek.
bContrasts: L=Linear; Q=Quadratic; C=Cubic.

Table 3. Influence of Frequency of Supplementation on Birth Weight of Calves

Treatment? Contrasts’
ltem 2-day 3-day 5-day 7-day SEM L Q C
Birth weight, Ib 85 85 87 87 2.01 42 82 .78

Treatment: The number of days per week whensupplement was offered: 2-day=2 days a week;
3 day=3 days aweek; 5-day=5 days aweek; 7-day=7 days aweek.
bContrasts: L=Linear; Q=Quadratic; C=Cubic.
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EFFECTSOF FREQUENCY OF SUPPLEMENTATION ON
THE INTAKE AND DIGESTION OF LOW-QUALITY
FORAGE BY BEEF STEERS

C. G. Farmer, R. C. Cochran, D. D. Simms?,
E. A. Klevesahl, and T. A. Wickersham

Summary

A 43% CP (dry bass) supplement wasfed
to 16 rumindly fistulated steerson 2, 3, 5, or 7
daysaweek. Supplement wasoffered at .36%
BW (dry basis) daily for steers that received
supplement every day. For other treatments,
the same amount of supplement was it
equdly among supplementationevents. Forage
intake and digedtibility increased withincreasing
supplementation frequency. However, the
difference in forage inteke tended (cubic,
P=.07) to be most prominent for the two ex-
tremes; the 3- and 5-days-a-week treatments
tended to be smilar. Forage intake for steers
supplemented on 2 days a week decreased on
the days when they were supplemented. Al-
though forage utilization may improve with
increesing frequency of supplementation, the
impact on performance is likdy to be smdl
unless differences in frequency of
supplementation are extreme.

(Key Words:. Steers, Forage, Intake, Digestion,
Supplementation Frequency.)

Introduction

Supplementing low-quality forages with
protein, particularly highly degradable protein,
improves performance. Producers with suffi-
dent time and |l abor frequently supplement dally.
Unfortunately, time and labor condraints in
some cow/caf operations make such frequent
supplementation infeesible.  If effective, less
frequent supplementation would be an advan-
tage where time and labor are scarce. A previ-
ous study at Kansas State University reveaed
that daly supplementation resulted in a dight

1Consolidated Nutrition, Omaha, NE.

improvement indigestible diet intake over three-
times-weekly supplementation. Our objective
was to see the effects of an array of supple-
mentation frequencies on forage intake, diges-
tion, and selected rumina fermentation charac-
terigtics.

Experimental Procedures

Sixteen rumindly fiduated Hereford x
Angus steers (avg. BW=565 |b) were blocked
by weight and assgned randomly to receive a
43% crude protein (CP) supplement 2
(Tuesday and Friday); 3 (Monday, Wednesday,
and Friday); 5 (Monday-Friday); and 7 days a
week.

Each steer was offered tdlgrass-prairie hay
(4.8% CP; 73.5% neutra detergent fiber,
NDF) at 130% of the average voluntary intake
for the preceding 5-day period. Theamount of
supplement fed was smilar to that provided to
grazing beef cows in a companion trid (.36%
BW per day, dry bass).

All treatments received the same amount of
supplement on a weekly basis, but the weekly
alotments were divided into equa portions fed
at the different frequencies. For instance, steers
supplemented on 2 days aweek received their
total weekly dlotment of supplement in two
portions.

Forage intake and digestion were deter-
minedina 7-day intake and total fecal collection
period folowing a 14-day adaptation period.
Following the fecd collection pe-



riod, two separate fermentation profiles were
conducted; one on a day when only the steers
that received supplement every day were sup-

plemented and the other on a day when dl

steers were supplemented. Rumind fluid was
sampled just before feeding and at 3, 6, 9, and
12 hours postfeeding.

Results and Discussions

Forage organic matter (OM) intake, total
OM intake, and totd digestible OM intake
increased (linear, P<.01) as frequency of
supplementationincreased (Table 1). However,
the response to increasing frequency tended to
be cubic (P=.07) for forage OM intake and
total OM intake.

A large difference in intakes occurred for
the dally versus twice weekly supplementation.
The three- and five-times-weekly groups were
gmilar to each other and intermediate to the
extremes. Digedtibilities of OM and NDF aso
increased (P#.02) as supplementation fre-
quency increased, with some evidence of a
more substantive difference for the two highest
frequencies (cubic, P=.05 and P=.12, respec-
tivey).

A treatment x day interaction (P<.01) was
observed for daly DM intake. Steers supple-
mented on 2 days aweek had asharp decrease
in forage DM intake on days when they re-
ceived supplement.

Rumind pHincreased (P#.05) as frequency
of supplementation increased (Table 2), but the
differenceswere smdl. All ru-

mina pH’swere wdl within the range accept-
able for uninhibited fiber digestion.

On the day when only the dally treatment
group was supplemented, the supplemented
steers had higher rumina anmonia concentra-
tions than steers that were not supplemented
(quadratic, P=.01). Rumind ammonia de-
creased linearly (P=.01) with frequency of
supplementation on the day that all steers re-
ceived supplement. Clearly, this was because
steers supplemented less frequently received
more supplement each time.  Interestingly,
steers supplemented on 2 days aweek hadtheir
peak rumind anmonia concentration and the
lowest pH later (6 hours after feeding) than
other groups on the day that al groups were
supplemented. This may indicate microbid
adaptation in response to receving large
amountsof supplementa protein only twice per
week.

In addition, on days when they were sup-
plemented, steerssupplemented twiceper week
had adower rate of liquid passage (4.75 %/hr)
thanthose supplemented 3 (6.72%/hr), 5 (6.15
%/hr), or 7 (6.61 %/hr) days per week. No
ggnificant differences in liquid passage rates
occurred on the day when only 7-day steers
received supplement.

Increasing supplementationfrequency likely
will maximize the proportionof nutrients derived
from low-qudity forage. However, our treat-
ment differences suggest that only withextreme
differencesin supplementationfrequency (twice
weekly vs. dally) will performance be impacted.



Tablel. Influenceof Frequency of Supplementation onIntakeand Digestion by Beef

Steers
Trestment? Contrasts (P-Vaues)®
Item 2-day 3-day 5-day 7-day SEM L Q C
Forage OM intake
gkg BW-" 63.2 742  70.7 84.0 371 <01 74 07
% BW 1.58 186 177 210 093 <01 .70 .07
Totad OM intake
gkg BW:" 75.9 86.9 833 9.7 371 <01 .72 .07
% BW 1.90 217 2.08 241 092 <01 .70 .07
Digedtible OM intake
gkg BW" 40.6 455 46.1 535 190 <01 .68 .15
% BW 101 114 115 134 048 <01 66 .16

OM digestion, % 53.5 525 553 55.4 .62 01 9 .05
NDF digestion, % 51.0 504  53.7 53.5 .86 02 55 12

Treatment: The number of days per week where supplement was offered: 2-day=2 days aweek;
3-day=3 days aweek; 5-day=5 days aweek; 7-day=7 days aweek.
bContrasts: L=Linear; Q=Quadratic; C=Cubic.

Table 2. Influence of Frequency of Supplementation on Ruminal Fermentation
Characteristicson Supplemented and Unsupplemented Days

a Contrasts
Treatment (P-Values)?
Item 2-day 3-day 5-day 7-day SEM L Q C
pH
only 7-day group
supplemented 6.69 675 6.70 6.56 052 05 .13 .62

al groups supplemented 648 653 6.59 6.64 033 <01 57 81
Ammonia, MM

only 7-day group
supplemented 20 A2 16 57 080 <01 .01 .86

al groups supplemented 1.18 91 1.06 .53 146 .01 .33 .10

Treatment: The number of days per week where supplement was offered: 2-day=2 days aweek;
3 day=3 days aweek; 5-day=5 days aweek; 7-day=7 days a week.
bContrasts: L=Linear; Q=Quadratic; C=Cubic.
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Cattlemen’s Day 2000

EFFECTSOF GRAZING SYSTEM ON PERFORMANCE OF
COW-CALF PAIRSGRAZING BERMUDAGRASS PASTURES
INTERSEEDED WITH WHEAT AND LEGUMES

L. W. Lomas!, J. L. Moyer?,
G. A. Milliken?, and K. P. Coffey®

Summary

A totd of 96 fal-caving cows and 64
caves grazed bermudagrass interseeded with
whesat and legumes during 1996, 1997, and
1998 ineither a continuous or rotationa system
stocked at equd rates. Legume cover, aval-
ableforage dry matter, resdua hay production,
gains of cows and calves grazing whest inter-
seeded into bermudagrass, and gains of cows
grazing bermudagrass interseeded withlegumes
were measured. Grazing system had no effect
on legume cover, avaladle forage dry matter,
gains of cows and calves (wheat phase), and
gans of cows (legume phase); however,
rotetionally grazed pastures produced more
resdua hay than those grazed continuoudly.

(Key Words: Interseeding, Wheat, Legumes,
Grazing.)

Introduction

Short-duration rotationa grazing at higher
than norma stocking rates has been used to
improve forage utilization of underutilized pas-
tures. Most of the previous research hasevalu-
ated rotationally grazed pastures stocked at a
higher rate than the continuoudy grazed pas-
tures, resulting in higher gain per acreand lower
individud grazing gains for the rotational system.
Because stocking rates were different for each
grazing sysem, it is difficult to determine
whether the performance differences were due
to grazing system or stocking rate. Rotationa
grazingasomay be beneficia for establishment
of legumes. This study was conducted to com-

parelegume establishment, availableforage, and
grazing performance of fdl-caving cows and
caves grazing bermudagrass pasture inter-
seeded with whest, red clover, ladino clover,
and Korean lespedeza and managed by either
continuousor rotationa grazing. Cattlenumbers
and land area were equal for each grazing
sysem.

Experimental Procedures

Four 10-acre ‘Hardie’ bermudagrass pas-
tures were used in a completely randomized
design withtwo replications per grazing system.
‘Jagger’ whest was no-ill interseeded into the
bermuda a 90 Ib/acre in the fals of 1995,
1996, and 1997. Pastureswereinterseededin
the springs of 1996 and 1997 with ‘Kenland’
red clover, ‘Regd’ ladino clover, and Korean
lespedeza.  All pastureswerefertilized with N,
Pand K inmid-May of 1996, 1997, and 1998
followed by 50 Ib of N per acre in late July.
Eight fall-caving cows were dlotted randomly
to each pasture on May 21, 1996, and 8 fdll-
calving cow-caf pars were assgned randomly
to each pastureonMarch 21,1997 and April 7,
1998. Rotationdly grazed units were subdi-
vided into eight paddocks that were grazed for
3.5-day (1996 and 1997) or 2-day intervals
(1998). In 1997 and 1998, cows and caves
intidly grazed the interseeded whesat for 56
days. Then calves were removed, and cows
grazed bermudagrass interseeded withlegumes
for the remainder of the summer.

'Southeast Agricultural Research Center, Parsons.

“Department of Statistics.
SUniversity of Arkansas, Fayetteville.
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Wheat was not avalable for grazing in 1996
because of below normd precipitation, so
grazing was initiated with cowsat the beginning
of the bermudagrass-legume phase. Cows
grazed bermudagrass interseeded with legumes
for 113 daysin 1996, 88 daysin 1997, and 91
days in 1998. Hay was harvested from dl
pasturesinlate July of each year tomantainthe
bermudagrass in a vegetative state. We mea
sured legume cover, available forage dry matter,
gans of cows and caves grazing interseeded
wheet and gains of cows grazing bermudagrass
interseeded with legumes.

Results and Discussion

Grazing performance is presented in Table
1. No ggnificant (P>.05) year by treatment
interactions were observed. Legume cover and
available forage dry matter were amilar (P>.05)
between grazing systems during both the inter-
seeded wheat and legume/bermudagrass
phases. However,

resdua hay production was higher (P<.05)
from rotationally grazed pastures than from
pastures grazed continuoudy. Avaldble dry
meatter during the wheat phase was higher
(P<.05) in 1998 than in 1997. Legume cover
did not differ during the wheat phase in 1997
and 1998. Legume cover and hay production
during the bermudagrass phase were higher
(P<.05) in 1997 than in 1998. Grazing system
had no effect (P>.05) on gains of cows and
caves grazing interseeded wheat or gains of
cows grazing bermudagrass interseeded with
legumes. Because legume cover and available
dry matter did not differ between grazing sys-
tems, differencesingrazing performance would
not be expected. Oninterseeded whest, calves
ganed 2.78 Ib/day and cows gained 1.29
Ib/day. Cows grazing bermudagrass inter-
seeded with legumes gained 1.63 |b per day.
Although differences (P<.05) occurred in cattle
weightsbetweenyears, cow and caf ganswere
smilar (P>.05) between years.

Table 1. Effects of Grazing System on Performance of Cow-Calf Pairs Grazing Ber muda-
grass Pastures | nter seeded with Wheat and L egumes
Grazing System Year

Item Continuous Rotation 1996 1997 1998

Interseeded Wheat Phase
No. of cow-calf pairs 32 32 - 32 32
No. of days 56 56 - 56 56
Calf initid wt., Ib 508 509 - 4682 549
Calf fina wt,, Ib 666 662 - 6282 701°
Cdf gan, Ib 158 153 - 160 152
Cdlf daily gain, Ib 2.82 2.74 - 2.85 271
Cow initid wt., [b 1341 1343 - 12720 1412°
Cow final wt., Ib 1415 1414 - 1344%  1485°
Cow gain, |b 73 71 - 72 73
Cow daily gain, Ib 131 1.27 - 1.28 1.30
Legume cover, % 19.9 18.8 - 23.2 155
Available dry matter, Ib/acre 1630 1555 - 1392° 1792°

Bermudagrass/L eqgume Phase
No. of cows 48 48 32 32 32
No. of days 97 97 113 88 91
Cow initiad wt., Ib 1307 1300 1081°  1344>  1485°
Cow final wt., Ib 1459 1468 1289  1516°  1585°
Cow gain, Ib 153 168 2082 1722P 100°
Cow daily gain, Ib 1.56 1.70 1.84 1.95 1.10
Legume cover, % 7.0 10.0 6.5*P 16.22 2.9
Available dry matter, Ib/acre 3667 3868 3850 3830 3622
Hay production, Ib of

dry matter/acre 17272 3075° 2200%° 30872  1917°

ab.Grazing system and year means within a row with the same letter are not significantly different

(P<.05).
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Cattlemen’s Day 2000

THE EFFECT OF LONG-TERM MANAGEMENT OF
NATIVE GRASSPASTURESON STEER GAINS!

F. K. Brazle?, D. L. Lanham, and J. L. Davidson

Summary

Three hundred thirteen mixed breed steers
(558 Ib) were used to determine the effect of
long-term management of native grass pastures
on gain. Steerswere alotted randomly to eight
pastures previoudy grazed for 1/2 season (1
steer/2 acresfrom April to duly 15, 81 days) or
3/4 season (1 steer/3 acres from April to Au-
gust 15, 112 days) from 1990 to 1998. In
1999, dl pastures were stocked at 1 steer/2
acres and grazed 83 days until July 15 or 16.
The steers received free-choice mineral and
were supplemented six timeswith 2 Ib of 20%
crude protein range cubes to ad in gathering.
The steers on pastures previoudy grazed for
3/4 season gained faster (P<.01) than those on
pastures previoudy grazed for 1/2 season. The
1/2-season pastures appeared to have tdler,
more mature grass left after the 1999 grazing
season than those previoudy grazed for 3/4
season.  The 1999 season was extremely wet
until July 15, which may have been a factor in
the gain difference. This study clearly showed
that gains were good following ether system of
grazing. However, under these environmental
conditions, pastures previoudy grazed for 3/4
season had the advantage.

(Key Words. Stocker Cattle, Grazing Cattle,
Native Grass.)

Introduction

When pastures are overstocked for years,
grass composition can change, which affects
future stocking rates and anima performance.
Late-cut, native-grass hay meadows can yield

lessthe following year. Therefore, our purpose
was to find out how long-term grass manage-
ment (9 years) influenced cattle gains.

Experimental Procedures

Three hundred thirteen mixed breed steers
(558 |b) were dlotted randomly to pasturesthat
had beengrazed for 1/2 season (1 steer/2 acres
from April to July 15, 81 days) or for 3/4 sea
son (1 steer/3 acres from April to August 15,
112 days) from 1990-1998. Four pastures
wereused per trestment. The steersgrazed for
83 days and were removed on July 15 or 16,
1999. They had free-choiceaccesstoaminera
mixture and were fed (Sx times) 2 Ib of a20%
crude protein cube to ad in gathering. All
pastures were burned in April. Steers were
weighed individudly a the start and end of the
grazing period.

Results and Discussion

The geers grazing the 3/4-season pastures
gained fagter (P<.01) thanthe steersgrazing the
1/2-season pastures. The 9-year summary
showed greater grass regrowth on the pastures
grazed for 1/2vs. 3/4 season. At theend of the
1999 grazing season (July 15), visud appraisa
of the pastures showed that those previoudy

tAppreciation is extended to the Bressner Pasture Committee.
2Southeast Area Extension Office, Chanute.

13



grazed for 1/2 season (to Jly 15) had tdler,  ing yearshad a pogtive rather than anegative
more mature grass. The early summer of 1999  effect ongains. Bothgrazingsysems resultedin
had above-average precipitation, so the pass  excdlent steer gans in the year fdlowing 9
turesprevioudy grazed to July 15mayhavehad  yearsof grazing. Either system, properly man-
more early growth. The resulting taller, more  aged, should maintain future grazing potentid.
maturegrasscould explainthe lower steer gains  However, differences may occur because of
onthosepastures. Normadly, alate-cut, native-  environmenta conditions of agiven year.
grass hay fidd yidds less the next year. A

pasture that isgrazed later could show the same

result, which might afect gain. However, the

late-season grazing in the 9 preced-

Tablel. Steer Gains(Short Season)on NativeGrassPasturesGrazed for 1/2 Season or
3/4 Season for the Previous 9 Years

ltems 1/2 Season 3/4 Season
No. steers 156 157
Sartingwt, Ib 556 561

Dally gan, Ib 3.35° 3.50°
Days grazed 83 83

abMeans in the same row with unlike superscripts are different (P<.01).
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Cattlemen’s Day 2000

INTEGRATED CONTROL OF
SERICEA LESPEDEZA IN KANSAS

W. H. Fick?

Summary

Two experiments were conducted near
Maple Hill, KSin 1998 to compare the effec-
tiveness of herbicides and mowing used done
and incombination for control of sericealespe-
deza (Lespedeza cuneata). Remedy® at 0.5
Ib/acre was more effective when gpplied during
the vegetative growth stage (>87%) thanduring
flowering or seed production. Ally® a 0.4
oz/acre provided control equivaent to Remedy
and was equdly effective a both the vegetative
and bloom stages. Both herbicides provided
lessthan 60% control whenapplied during seed
production. A sngle mowing on July 8 was not
effective. Mowing followed in 6 weeks by
Remedy at 0.25 Ib/acre or Ally at 0.2 oz/acre
provided control equivdent to that with the
higher rates of Remedy or Ally done.

(Key Words. Sericea Lespedeza, Integrated
Control, Remedy®, Ally®, Rangeland.)

Introduction

Sericealespedezais an introduced peren-
nid legume that isinvading rangdand inK ansas.
Its high tannin content and woody nature make
it unpaatable. On July 1, 2000, sericealespe-
deza will become a noxious weed statewide.
Finding effective methods for management and
control of this invesve species iS necessary.
The objective of this study was to compare the
effectiveness of herbicides and mowing used
aone and in combination for control of sericea

lespedeza.

'Department of Agronomy.
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Experimental Procedures

Two experiments were conducted near
Maple Hill, KS during 1998. All herbicides
were gpplied in 20 gal/acre spray volumesusng
a CO,-powered backpack sprayer. Applica-
tion conditions are noted in Table 1. Individud
plots were 6.7 by 25 feet. All treetments were
replicated three or four times. Reduction in
sericea lespedeza cover was etimated visudly
(% contral).

Experiment 1. Remedy (triclopyr) at
0.125, 0.25, and 0.5 Iblacre and Ally
(metsulfuron) at 0.4 oz/acre were applied on
July 8 and September 18, 1998 and evaluated
for control on July 28, 1999. Data were ana
lyzed as a split plot with date of gpplication as
the whole plot and treatments as the subplots.
Means were separated using the Least Sgnifi-
cant Difference test (P<0.10).

Experiment 2. Remedy (0.5 Ib/acre) or
Ally (0.4 oz/acre) were gpplied on July 8 and
October 12, 1998. Additiona plots were
mowed on July 8, and 0.25 Ib/acre Remedy or
0.2 oz/acre Ally were gpplied about 6 weeks
later (August 22). All plots were evaluated for
control on July 8, 1999. Data were subjected
to andyss of variance and means separated
udng the Least Sgnificant Difference test
(P<0.10).

Results and Discussion

Experiment 1. Sericealespedezacontrol
depended on date of herbicide application
(Table 2). Remedy at 0.5 Ib/acre was more
effective when goplied on July 8 when



sericea lespedezawas il in a vegetdive sage
than on September 18 when it was blooming.
Ally applied at 0.4 oz/acre was egqudly effective
at both stages of plant development. Remedy a
0.25 or 0.5 Ib/acre and Ally a 0.4 oz/acre
provided equal control when applied on July 8.
However, Ally a 0.4 oz/acre was more effec-
tive than any rate of Remedy when applied
during the bloom stage.

Table 1. Environmental Conditionsduring Herbicide Application at Maple Hill, KS

Experiment 2. Control of sericealespe-
deza was less than 60% wheneither herbi-cide
was used during seed production (October 12)
(Table 3). A single mowing on July 8 was not
effective (6% control). Mowing followed in 6
weeks (August 22) by ether 0.25 Ib/acre Rem-
edy or 0.2 oz/acre Ally provided control equal
to that with0.5 Ib/acre Remedy gpplied on July
8.

Date Temperature (°F) Rdative Humidity (%) Wind Speed (mph)
July 8, 1998 89 52-67 0-8
August 22, 1998 89 49 4-6
September 18, 1998 89 41 0-2
October 12, 1998 65 50 4-6

Table 2. Percent Sericea L espedeza Control - Experiment 1, Maple Hill, KS

Application Date
Herbicide Rate July 8, 1998 Sept 18, 1998
(Vegetative) (Bloom)
——————— % Control-----------------
Remedy 0.125 Ib/acre 8~ 251
Remedy 0.25 Ib/acre 82 68>
Remedy 0.5 Ib/acre 90® 60°
Ally 0.4 oz/lacre 79% 922
Control - o° g
(no treatment)

abed\ieans within arow or column with different superscripts are different (P<0.10).

Table 3. Percent Sericea Lespedeza Control - Experiment 2, Maple Hill, KS

Trestment Date % Control
Remedy 0.5 Ib/acre July 8 872
Ally 0.4 oz/acre July 8 64>
Remedy 0.5 Ib/acre October 12 46°
Ally 0.4 ozlacre October 12 58
Mow July 8 6¢
Mow + July 8

Remedy 0.25 Ib/acre August 22 68%®
Mow + July 8

Ally 0.2 oz/acre August 22 70®
Control (no treatment) 6¢

ab.c.d\ eans with different superscripts are different (P<0.10).
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Cattlemen’s Day 2000

EFFECTSOF CATTLE GRAZING CROP
RESIDUESON SOIL BULK DENSITY!

R. K. Taylor 2 and J. W. Slocombe?

Summary

Effects of cattle grazing on soil bulk density
were measured at two Stes in central Kansas.
Samples were taken at depths of Oto 3in. and
3to6in. fromgrazed and ungrazed aress at five
locations in each field. No datistica difference
(P>0.01) between bulk dengties of the two
areas occurred at the 3 to 6 in. depth for either
ste. However, soil in the grazed areas had
ggnificantly higher (P<0.01) bulk density than
that inthe ungrazed areas & the O to 3 in. depth
at both sites.

(Key Words: Soil Compaction, Stocker Cattle,
Grazing, Forage.)

Introduction

Grazing ceattle on crop residues can be
economicd for producers. However, the impact
of cattle on il propertiescan affect subsequent
crops planted infiddsthat have beengrazed. In
a Texas study, trampling during rotationa graz-
ing reduced water infiltration rate and increased
sediment production, resuting in a sty clay
surface devoid of vegetation.

In a 3-year study, cattle grazing whesat
paduresin late fal and winter resulted in soil

K-State Forages Task Force Project.

bulk densties greater than 1.5 g/cm?® and soil
cone penetrometer readings greater than 290
ps a 2 to 4.8 in. below the soil surface at
planting time in the following year. This com-
paction may have been associated with reduc-
tions of forage and grain yiddsin the fallowing
year’ s wheat crop.

Our objective wasto evauate the effects of
stocker cattle grazing grain sorghum stalks on
soil bulk density.

Experimental Procedures

This sudy was conducted on two fieds in
central Kansas, one in Rice County (near Ly-
ons) and one in Smith County (near Smith
Center). The Rice County fidd consisted pri-
maily of Crete sit loam and Smolan sty clay
loam, was planted to grain sorghuminthe pring
of 1998, and was harvested in late October.
The stocker cattle had access to gpproximately
75 acres of winter whesat pasture aswell asthe
gran sorghum stalks. The Smith County fidd
conssted of Harney st loam, was planted to
grain sorghum in the spring of 1998, and was
harvested in early November. Table 1 shows
the stocking rates and durations of grazing for
each of thetwo fieds.

The authors appreciate the cooperation of Todd

Whitney, Rice County Extension Office; Sandra Wick, Smith County Extension Office; Knight Feedlot,

Lyons, KS; and Gary Gerstenkorn, Smith Center, KS.

2Department of Biological and Agricultural Engineering.



Table 1. Field Sizes, Stocking Rates, and Grazing Duration

FHeld Sze Sarting Ending Animd
County (acres) Date Date Units
Rice 1082 11/17/98 3/30/99 83°
Smith 45 11/11/98 12/26/98 37°

fThefidd conssts of 33 acres of grain sorghum stubble and 75 acres of wheat pasture.

83 stocker calves weighing approximately 600 |bs each.
¢33 weaned cows, 2 bulls, and 2 yearling calves.

To fadilitate a comparative analyss of bulk
density between grazed and ungrazed soil, sets
of three 16-ft livestock panels were erected to
form triangles (110 sq ft) at five randomly
sdected locations in each field before the fidlds
were stocked. At the conclusion of the grazing
period, soil samples were taken at the five
locations in each fidd prior to tillage in the
goring of 1999. A dide hammer, doublering, 3-
in.-diameter core sampler was used to takefive
samples each from the grazed and ungrazed
(protected by the livestock panels) areas at
each location in the field. Each sample was
divided into depths

of 0 to 3in.and 3to 6in. Thisresulted in 100
samples per Ste. The soil samples were trans-
ported to a laboratory, weighed, oven dried a
100°C for 24 hours, and then weighed again to
determine bulk dengity.

Results and Discussion

Soil samples were composited for each
location within a fidd for both treatments
(grazed and ungrazed) and depths. Textura
andyses were run on the composited samples
(Table 2). The soil texture was very Smilar
across each field.

Table 2. Soil Texture Analyses from the Five Sample L ocations of the Two Sites

County Location Sand % Sit% Clay %

Rice A 20 30 51
B 17 33 51
C 23 37 41
D 26 26 49
E 26 28 47

Smith A 19 62 19
B 23 59 18
C 22 51 28
D 21 60 20
E 18 62 21
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Table 3 shows soil bulk densitiesand water
contents for grazed and ungrazed areas by
depth. Bulk density was grester for the grazed
aress at both depths in both fields. The magni-
tude of variation wasdgnificant (P<0.01) & the
0to 3in. depth, but not datidticaly sgnificant at
the 3 to 6 in. depth. Higher bulk density indi-
catesamore compacted soil. Soilswithahigher
bulk density have less pore space for air and
water to occupy, which is confirmed by the
higher water contert in the ungrazed aress.
Comparatively, water content was greater at
both depths in the ungrazed areas. The water
content differenceswere significant (P<0.01) at
the O to 3 in. depth for both sites and

ggnificat (P<0.01) at the 3 to 6 in. depth in
Rice County.

These results suggest that compaction by
cettle was confined to the O to 3 in. depth, as
was the depleted water content. Compactionin
this zone ismanageeble for producers, because
it is easlly removed with spring tillage. In north-
ern areas of the dtate, afreezelthaw cycle may
diminate this shdlow compaction. This study
dedlt only with the effects of caitle grazing on
s0il compaction as messured by soil bulk den-
Sty. It made no attempt to quantify subsequent
impact on grain or forageyidd.

Table 3. Bulk Density and Water Content Data Separ ated by Site and Depth

Bulk Dengty, gms/cn® Water Content, gms/gm
County  Depth Grazed Ungrazed Grazed Ungrazed
Rice 3inches 1432 1.35 0.1892 0.212°
6 inches 1.52 151 0.2202 0.228"
Smith 3inches 1518 1.41° 0.2172 0.249°
6 inches 1.61 1.60 0.238% 0.2442

abBulk density and water content values within each row that are followed by different letters are

significantly different (P<0.02).
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Cattlemen’s Day 2000

EFFECTSOF STAGE OF MATURITY AT
HARVEST AND KERNEL PROCESSING ON THE
NUTRIENT DIGESTIBILITY OF CORN SILAGE

T. J. Wistuba, L. A. Whitlock, M. K. Siefers,
R. V. Pope, and K. K. Bolsen

Summary

Tweve ruminally cannulated crossbred
steerswere used to evaluate the effectsof stage
of maturity and kernd processng (rolling) of
whole-plant cornslage on nutrient digestibilities.
The sx slage rations were: 50% milkline, 80%
milkling, and 7 days after-black layer (7BL)
eachengledprocessed (rolled) or unprocessed.
Steers consuming the 80% milkline and 7BL
processed rations had numericdly higner DM
and OM digedtibilities, and dl processed rations
had numericdly higher starch digestibilities
However, the three processed rdions had
numericaly lower fiber digedibilities (NDF
andlor ADF). Steers consuming the 80%
milkline rations had numericdly higher nutrient
digedihilities than those fed the less or more
mature sllages. Yield datataken at each of the
threeharvests showed that whole-plant DM and
gran yidds increased with advancing maturity.
The data indicate that harvesting at the 80%
milkline stage of maturity and processing the
whole-plant maximized DM yidd and nutrient
utilization.

(Key Words. Mechanicadly Processed, Corn
Silage, Stage of Maturity, Growing Cattle.)

Introduction

Improving the digedibility of whole-plant
corn (both the stover and grain) would have a
positive impact on the performance of growing
cattle. An earlier trid (1998 Cattlemen’s Day,
pg 25) showed that usnga kernel processor on
the forage harvester could improve nutrient
digedtibilities. The objective of this study wasto
evduaethe
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effect of stage of maturity at harvest and kernd
processing onthe utilizationof cornsilage-based
rations by growing céttle.

Experimental Procedures

Pioneer 3394 corn hybrid was grownunder
irrigationduring the summer of 1997. A three-
row, self propelled, precison chop, forage
harvester (FieldQueer®) was used to harvest
thewhole plants a three stages of maturity; 50
and 80% milkline and 7 days after-black layer
(7BL). Dry matter (DM) contentswere 32, 38,
and 42%, repectivdly. The forage was
chopped to a 10 mm particle length, and four
concrete pilot-scale silos were filled at each
havest date. Two slos were filled with
chopped forage that was put through a sation-
ary kerng processor (Roskamp® roller mill),
and two slos were filled without further pro-
cessing. At each stage of maturity, three, 20-
foot rows of whole-plant corn were hand-
harvested and separated into stover and grain
portions, which were dried and weighed for
determinations of yield and plant parts.

The nutrient digedtibilities of the six corn
slage rations (three maturity stages processed
and unprocessed) were determined using 12
rumindly cannulated, yearling steersin a Ldin
square metabolism trial.  All rations contained
90% slage and 10% supplement onadry basis.
The steers were housed in a climate-controlled
barn, where they were tethered in individud tie
dalls. The 21-day periods conssted of four
phases. a 10-day ration adaptation, an 8-day
total feca collection (two, 4-day periods), a 2-
day rumind fermentation, and a 1-day rumind
evacudion.



Results and Discussion

The pre-endled stover increasedincontents
of DM, CR, NDF, and ADF as stage of matu-
rity advanced, as did whole-plant DM yidd and
the proportion of grainin the whole plant (data
not shown).

The effects of stage of maturity and pro-
cessng whole-plant corn slage on nutrient
digedtibilities are shown in Tble 1. Steers
consuming the 80% milkline and 7BL  pro-
cessed slagerations had numerically higher DM
and OM digedtibilities than steers consuming
their unprocessed counterparts, and starch
digedtibilities were numericdly higher for al
processed dlage rations than for unprocessed
rations. However, the three

processed slage rations did have numericaly
lower fiber digedtibilities (NDF and/or ADF).
The 50 and 80% milkline slage rations had
numerically higher DM, OM, CP, NDF, and
ADF digedtibilities than did the respective 7BL
Slagerations.

The improvements in starch digedtibilities
observed in the processed corn silage rations
likely were due to an increased surface area of
the kernd and more starch granulesexposed to
rumind fermentation compared to the unpro-
cessed corn dlage rations. The dight negative
impact of processing on fiber digestibilitiescould
have been due to a carbohydrate effect on
rumina pH and rumind bacteria activity.

Table 1. Nutrient Digestibilities of the Six Whole-Plant Corn Silage Rations by

Growing Steers

50% 80% 7 Days After-

Milkline Milkline Black Layer
[tem P U P U P U SE

——————————————————— % of theration

DM 12.9% 73.8° 74.3% 73.9% 71.8® 70.2° 1.0
OM 74.7% 76.2% 77.0% 76.22 73.5%0  72.3° 10
Starch 96.4°  94.6° 96.4°  94.0° 94.9%0 93.3° 7
CP 71.9° 78.12 80.5% 76.9%° 7145 74.1° 14
NDF 50.4¢ 53.5° 54.12 55.8% 50.2°  51.2°¢ 12
ADF 48.6°¢ 53.7° 52.3*F 533 46.6°9 4551 18

ab.c.d\leans within a row with different superscripts differ (P<.05).

P = processed, U = unprocessed.
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EFFECT OF LEVEL OF SURFACE-SPOILED
SILAGE ON THE NUTRITIVE VALUE OF
CORN SILAGE-BASED RATIONS

L. A. Whitlock, T. Wistuba, M. K. Siefers,
R. V. Pope, B. E. Brent, and K. K. Bolsen

Summary

Tweve ruminally cannulated crossbred
steers were used to determine the effects of
level of surface-spoiled slages on dry matter
(DM) intake and nutrient digedtibilities of corn
slage-based rations. Irrigated corn was har-
vested at the 80% milkline stage of maturity and
ensiled in 3-ft-deep, pilot-scale, bunker silos
and a 9-ft-diameter AgBag®. After 90 days,
the bunkers were sedled with a Sngle sheet of
polyethylene, and this slage was designated
“gooiled’. Thedlage in the AgBag was desig-
nated “norma”. The four rations contained 90%
slage and 10% supplement (DM basis). The
dlagesinthe rations were: A) 100% normd; B)
75% normd: 25% spoiled; C) 50% normd:
50% spailed; and D) 25% normd: 75% spoiled.
Dry matter intake decreased in alinear manner
as the proportion of spoiled slage increased
from O to 75%. Steers consuming the normd
slage ration had higher DM, OM, CP, NDF,
and ADF digedtibilities than those fed the three
rations that contained spoiled slage. The addi-
tionof spoiled slage dso had negative associa-
tive effects on nutrient digedtibilities, and the
integrity of the forage mat in the rumen was
destroyed partidly by even the lowest leve of
surface spoilage.

(Key Words. Corn Silage, Surface Spoilage,
Nutritive Vaue.)

Introduction

Whole-plant cornslageisamagjor source of
energy in most rations for growing beef cattle
and lactating dairy cattle in North America
Two slage management practices, which arein
the control of cattle producers but often poorly
implemented or overlooked entirdly, are effec-
tive seding of the exposed surface in bunker,
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trench, or drive-over pile sllos and discarding
spoiled slage. The objective of this study wasto
determine the effect of induding three levels of
“surface-spoiled dlage’ onthe nutritive vaue of
whole-plant corn silage-based rations.

Experimental Procedures

Twelve crossbred steers fitted with rumind
cannulas were used in the study. A sngle
source of irrigated corn (Pioneer 3394) was
harvested at the 80% milkline stage of maturity
and chopped to a10 mmparticle length. Three
pilot-scale bunker slos, which were approxi-
meatdly 3 feet deep, and a 30-ft sectionof a9-ft-
diameter AgBag® were filled with dternating
loads of chopped forage. After 90 days, the
bunkers were sealed with Sngle sheets of 0.6
mil polyethylene, and these Silages were desig-
nated “spoiled’. The slage in the AgBag was
designated as“normd”. The four experimenta
rations contained 90% slage and 10% supple-
ment (dry basis). The slages in the réaions
were: A) 100% normd, B) 75% normal:25%
gpoiled; C) 50% norma:50% spoiled, and D)
25% normd: 75% spoiled. Therationswerefed
oncedaily at 7:00 am., and the amount fed was
adjusted so that 5 to 10% of the as-fed ration
was in the feed bunk at the end of each 24-h
period.

Results and Discussion

The pHs and chemical compositions of the
whole-plant cornsilages fed are shownin Table
1. The compostion of the spoiled slage is
reported for each of the two digtinct visua
layers, designated asthe origina top 18 inches
and bottom 18 inches and for a



compodite of the two layers after they were
mixed. The mixture represents the spoiled
dlage asit was actudly fed inrations B, C, and
D. With ash content as the internal marker, the
estimated proportions of the origina top 18-inch
and bottom 18-inch spoilage layers in the spoil-
ed composte slage were 23.8 and 76.2%,
repectively. The normd corn silage had higher
DM and OM contents and dightly lower starch
and CP contents than the spoiled composite
dlage. The norma corn slage aso had low
NDF and ADF percentages, which reflect the
high proportion of grain in the endled crop. The
high ash and fiber contents of the spoiled com-
posite slage are associated with poor preserva:
tion efficiency and very high OM losses during
the aerobic, fermentation, and storage phases.

The origind top 18-inch layer was visudly
quite typica of an unseded layer of dlage that
hasundergone several months of exposureto ar
and ranfdl. It had afoul odor; was black in
color; and had adimy, “mud-like” texture. Its
extensve deterioration during the 90-day stor-
age aso was reflected in very high vaues for
pH, ash, and fiber. Thisdimy layer comprised
5.4, 10.7, and 16.0 % of the DM in rations B,
C,

and D, respectively. The origind bottom 18-
inchlayer had anaroma and appearance usudly
associated with wet, high-acid, corn slage—a
bright yellow to orange color, alow pH, and a
very strong acetic acid smell.

The original depth of the packed, whole-
plant corn in the bunker silos was about 36
inches, however, the find depth of the spoiled
slage was only about 22 inches, withabout 7 in.
inthe top layer and 15 in. in the bottom (Figure
1). This etling of the ensiled crop that oc-
curred during the 90 days whenthe bunker slos
remained unsed ed — gpproximeately 14 inches—
istypica of sattling depths observed inunseded
bunker, trench, or drive-over pile slages.

Theadditionof spoiled slage decreased CP
digedtibility in a liner manner, and surface
gpoilage had large negetive associdtive effects
on DM intake and DM, OM, NDF, and ADF
digediibilities (Table 2). When the rumina con-
tents were evacuated, the spoiled silage had
partidly or totaly destroyed the integrity of the
forage mat in the rumen. These results clearly
indicate that feeding surface-spoiled slage has
greater negative impacts on the nutritive vaue of
corn sllage-based rations than were expected.

Tablel. pHandChemical Compositionsof theWhole-Plant Corn SilagesFedinthe

M etabolism Trial

Slage pH DM OM Stach CP NDF ADF
%o ----mmmmmmmmeem % of theDM — - —-———-———-
Normal 390 380 94.7 223 69 426 234
Spoiled top layer, composite
of the origind top 36 inches 479 264 90.9 243 99 489 310
Spoilage Layers
Origina top 0-18 inches
(Simy layer) 822 191 80.0 27 177 576 483
Origind top 18-36 inches
(acidic layer) 367 276 94.3 261 6.7 485 255
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Table 2. Effect of the Level of Spoiled Silage on Nutrient Digestibilitiesfor Steers
Fed the Four Whole-Plant Corn Rations

Ration

% Spoiled slage 0 25 50 75
Item (% Simy layer) 0) (5.4 (10.7) (16.0)
DM intake, |b/day 17.5% 16.2° 15.3>¢ 14.7°
DM intake, % of body weight 2.36% 2.22%b 2.10°¢ 2.04°

Digedtibility, %

DM 74.42 68.9° 67.2° 66.0°
OM 75.6% 70.6° 69.0° 67.8°
Starch 94.6 95.0 93.3 95.3
CP 74.6% 70.5° 68.0°¢ 62.8°
NDF 63.2 56.0Y 52.% 52.8"
ADF 56.12 46.2° 41.3° 40.5°

ab.a\eans within a row with no common superscript differ (P<.05).
*YMeans within arow with no common superscript differ (P<.10).

Figurel. Surface-Spoiled SilagewithaSimy L ayer of 7Inches(Top) andan Acidic Layer
of 15 Inches (Bottom).

24



Cattlemen’s Day 2000

SUPPLEMENTATION STRATEGIESFOR
FORAGE-FED BEEF STEERS!

J. S. Drouillard, R. D. Hunter,
T. A Nutsch, and D. A. Blasi

Summary

A comparison was made of different
supplementation strategies for steer calves
wintered on brome hay for 109 days. Trest-
ments cons sted of no supplement, 1.33 Ib/head
daly of a 30% protein range cube, a commer-
adly avalable free-choice block supplement
containing 40% crude protein (19% as non-
protein nitrogen), and a soy-based block sup-
plement containing soy solubles and full-fat
soybeans with 40% crude protein (25% as
nonprotein  nitrogen). Following the
backgrounding phase, steers were placed onto
finishing rations and fed for an additional 152
days before being daughtered. Gain during the
growing phasewas greater for al supplemented
cattle thanfor unsupplemented controls. Cattle
fed blocks or no supplement tended to compen-
sate during the finishing phase, suggesting that
differencesin gagtrointestind tract fill may have
impacted body weights at the end of the back-
grounding phase. When performance was
evauated over the entire 261-day trid, cattle
fed blocks were more ficient than controls,
whereas efficendies of cattle fed range cubes
were essatidly equd to those of cattle that
previoudy received no supplement.  Addition-
dly, soybean solubles and full-fat soybeans
werevidble dternativesto traditional ingredients
for menufecturing free-choice block supple-
ments.

(Key Words. Growing Cattle, Forages,
Blocks)

Introduction

Free-choice block supplements are
convenient and require little labor. Low-mois-
ture blocks, whicharemanufactured by cooking
molasses and other liquid ingredients to very
low moidure levels, are paticularly atractive
because consumption is very congstent. The
liquid ingredients used typicaly contain a high
proportion of Smple sugars. When exposed to
ar, sugars bind atmospheric moisture, produc-
ing a thin layer of syrup on the block surface
that isreadily consumed by cattle. Consump-
tionis controlled as aresult of the rate at which
the softened, syrupy layer develops on the
block surface. Usingthisprocess, itispossble
to regulate intake of codtly nutrients, such as
protein, vitamins, and minerds, with a free-
choice system.

Soy solubles contain gpproximately 50%
sugars, 20% protein, and appreciable levels of
severd important minerals. The mgority of the
sugarsis sucrose, whichis smilar to other liquid
ingredientsused inblocks, such as cane or beet
molasses.  Consequently, our interest was in
comparing blocks manufactured with soy solu-
bles and full-fat Soybeans to range cubesand to
commercidly avalable blocks containing high
proportions of molasses, feather med, and
blood medl.

Experimental Procedures

Crossbred steer calves (618 head) were
purchased from sde bans in Forida, trans-
ported to the K-State Beef Cattle Research
Center, and placed on acommon receiving

Partial funding for this project was provided by the Kansas Soybean Commission.
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diet for 35 to 40 days prior to initiating the
growing experiment. At the beginning of the
growing period, calves were weighed individu-
aly and alocated to 12 pens, with atotd of 48
to 53 head per pen, and three pens per treat-
ment.

Trestments included blocks made with a
high proportion of soy solubles and full-fat
soybeans (SOYBLOCK; 40% crude protein
with 25% as nonprotein nitrogen), commer-
cidly available molasses-based blocks
(CBLOCK; 40% crude protein with 19% as
non-protein nitrogen), and commercidly avail-
ablerange cubes (CUBES; 30% crudeprotein).
These supplementation Strategies were com-
pared to anegative control (CONTROL ) group
that received only hay and sdt. Brome hay
(7.85% crude protein, 69.7% NDF, .46%
cadum, and .17% phosphorus) was processed
in a tub grinder to a chop length of 3 to 4
inches. Cattle had free access to the brome
hay, whichwasfed twice dally infence-line feed
bunks. Fresh water and white st were avail-
ableat dl times. Steersfed CUBES weregiven
1.33 Ib/head daily (as-fed bagis) of the supple-
ment in conjunction withthe morning feeding of
hay. SOYBLOCK and CBLOCK were pro-
vided free choice throughou the 109-day
growing phase. At the end of the growing
period, steers were stepped up to common
finihing diets, fed for 152 days, and daughtered
a a commercid fadlity in Emporia, Kansas.
Average daly gans during the finishing phase
were based on shrunk (4%) weights computed
usng carcass weight adjusted to a common
dressing percentage.

Results and Discussion

Intake of hay and supplements, daily gains,
and efficiencies for the growing phase ae
shownin Table 1. Intake of the SOYBLOCK
was somewhat higher than intake of the com-
mercia 40% block supplement. We
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attributed this to the softer texture of the SOY -
BLOCK in comparison to the CBLOCK.
Additiona experience with processing of soy
solubles in block supplements likdy would
make it feesble to produce harder blocks that
would lower consumption. Cattle fed the block
supplements tended to consume less hay than
the cattle fed CUBES or no supplement. Gains
for cattle fed the two blocks were very similar.
Steers fed blocks tended to gan faster than
unsupplemented cattle and dower than cattle
fed range cubes. Efficiency of gain pardleed
rate of gain.

During the finishing phase (Table 2), caitle
previoudy fed the SOYBLOCK ganed faster
and were more efficent thanthe other trestment
groups. Effidencywas poorest for cattle previ-
oudy fed range cubes, indicating some compen-
sation by cattle in the other dietary treatments.
We interpret these data to suggest that different
supplementation strategies vary in ther impact
on gadtrointestind tract fill.

Whenperformances during the growingand
finishing phases were combined (Table 3), cattle
that were supplemented during the growing
period gained more rapidly than
unsupplemented controls. However, cattle fed
ether of the block supplements were more
efficient than controls, wheress thosefed range
cubes were essentially identical to
unsupplemented controls.  Cattle fed the
SOYBLOCK ganed more rgpidly than those
fed the commercial block supplement, but the
two block supplements yielded comparable
efficdency overdl.

Free-choice block supplementsrepresent a
feesble dternative to hand-fed range supple-
ments. Additiondly, we conclude that soybean
solubles and full-fa soybeans can effectively
subdtitute for traditiona ingredients in cooked,
sdf-fed, block supplements.



Tablel. Performance of Steers Backgrounded (109 Days) on Forage-Based Diets Using
Different Supplementation Strategies

Treatment 2

ltem CONTROL __ SOYBLOCK CBLOCK __ CUBE SEM
No. steers 157 153 155 153
Initial weight, Ib 551 549 550 552 9.7
Ending weight, Ib 634 645 647 671 14
Dry matter intake, Ib/day

Supplement 96" 60¢ 1189 032

Forage 15.1° 14.2% 14.0¢  14.8%™ 36

Total 15.1% 15.1% 14.6°  16.0° 37
Average daily gain, Ib 76" .88P 89P  1.09°¢ .069
Gain:feed .051° .058> .061°  .068° .0039

4CONTROL: no supplement; SOYBLOCK: free-choice block supplement containing 40% crude
protein with 25% as nonprotein nitrogen, made from soybean solubles, urea, and full-fat soybeans;
CBLOCK: commercialy avalable cooked molasses block containing 40% crude protein with 19% as
nonprotein nitrogen; CUBE: commercidly avalable range cube containing 30% crude protein with no
nonprotein nitrogen.

b.¢A\eans in the same row without a common superscript are different (P<.1).

Table2. Finishing Performance (152 Days) of Steers Previously Backgrounded on
Forage-Based Diets Using Different Supplementation Strategies

Treatment 2

Item CONTROL SOYBLOCK CBLOCK CUBE SEM
No. steers 157 153 155 153

Initia weight, Ib 634 645 647 671 14
Fina weight, Ib 1165 1188 1174 1188 13
Average daily gain, Ib 3.12° 3.25¢ 3.13P 3.06°  .056
Dry matter intake, Ib/d 19.3 19.1 19.2 19.8 .29
Gain:feed 162 170° 163 A55° 0041
Hot carcass weight, Ib 709 729 719 727 7.9
Dressing percentage 60.8 61.3 61.2 61.2 27
Ribeye areg, in? 11.8 11.9 1.7 11.9 .19
Fat thickness, in 41 44 44 .45 .024
Kidney, pelvic, & heart fat, % 2.1 2.1 2.1 2.1 .09
Yield grade 1, % 6 5 4 8 2.4
Yield grade 2, % 37 31 34 28 4.3
Yield grade 3, % 52 56 51 52 55
Yield grade 4&5, % 6 8 12 12 2.6
Marbling score S SI® SI%® S 8.6
USDA Choice, % 27 29 32 25 5.6
USDA Sdlect, % 60 58 54 59 51
USDA Standard, % 12 12 13 14 3.4
Liver abscess, % 5.2° 2° 1.9 7¢ .66

CONTROL = no supplement; SOYBLOCK = free-choice block supplement containing 40% crude
protein with 25% as nonprotein nitrogen, made from soybean solubles, urea, and full-fat soybeans;
CBLOCK = commercialy avalable cooked molasses block containing 40% crude protein with 19%
as nonprotein nitrogen; CUBE = commercialy available range cube containing 30% crude protein with
no nonprotein nitrogen.

b9\ eans in the same row without a common superscript are different (P<.1).

g = Slight, Sm=Small amount of marbling.
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Table3. Performance for the Combined Growing and Finishing Periods (261 Days) of
Steers Backgrounded on Forage-Based Diets Using Different Supplementation

Strategies
Treatment 2
Item CONTROL  SOYBLOCK CBLOCK CUBE SEM
No. steers 157 153 155 153
Gain, Ib/day 2.13° 2.26¢ 2.19¢ 2.24°¢ .02
Dry matter intake, Ib/day ~ 16.9 ™ 16.8 165° 176 ¢ 30
Gain:feed 127° 1349 .133@ 127 .0021

4CONTROL: no supplement; SOYBLOCK: free-choice block supplement containing 40% crude
protein with 25% as nonprotein nitrogen, made from soybean solubles, urea, and full-fat soybeans;
CBLOCK: commercialy avalable cooked molasses block containing 40% crude protein with 19% as
nonprotein nitrogen; CUBE: commercialy available range cube containing 30% crude protein with no
nonprotein nitrogen.

b.¢A\eans in the same row without a common superscript are different (P<.1).
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ALFALFA HAY LEVELSIN LIMIT-FED, HIGH-ENERGY,
GROWING DIETSFOR BEEF STEERS

S. P. Montgomery, J. S. Drouillard, J. J. Sindt,
T.B. Farran, H.J. LaBrune, R. D. Hunter,
J. J. Higgins?, T. A. Nutsch, and R. A. Stock?

Summary

One hundred sixty-four crossbred beef
steers were used in a102-day growing study to
determine optimum levels of dfdfa hay in limit-
fed, high-energy, growing diets.  Diets con-
tained steam-flaked corn and 40% Sweet
Bran® brand wet corn gluten feed (dry matter
basis) with0, 10, or 20% ground dfdfahay. A
fourth diet containing steam-flaked corn (no
Sweet Bran) and 20% ground dfdfa hay was
used asa control. Average daily gansand feed
efficendes in the growing phase were greater
(P<.05) for cattle fed no dfdfa than for cattle
fed the control, 10% dfafa, or 20% dfafa
diets. Steers fed the control and 20% dfafa
diets had increased rates of dry matter intake
(P<.05) compared to those fed no dfdfa At
the end of the growing phase, dl cattle were
placed on a common finishing diet and fed for
101 days. Dry matter intakes during the finish-
ing phase for cattle previoudy fed no dfdfa
were numericaly less than intakes for cattle fed
other diets and significantly lessthan intakes for
catle previoudy fed the control diet. Feed
efficdencieswere greater for cattle previoudy fed
20% dfdfadiets than those fed the control diet
(P<.05). Average daly gans did not differ
(P>.40) among diets during the finishing phase.

(Key Words. Wet Corn Gluten Feed, Sweet
Bran®, Roughage, Limit Feeding.)

Introduction
Wet corngluten feed is a by-product of the

corn wet milling industry and traditiondly has
been used in cattle diets as a source of both

Department of Statistics.
2Cargill Corn Milling, Blair, NE.
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protein and energy. Because it contains high
levels of corn bran, wet cornglutenfeed condti-
tutes a vauable source of fermentable fiber in
ruminant diets. This study was conducted to
determine optimum levels of dfdfahay in limit-
fed, high-energy, growing diets containing
steam-flaked corn and wet corn gluten feed.

Experimental Procedures

One hundred sixty-four crossbred beef
steersaveraging 576 |b were used inarandom-
ized complete block design experiment. Steers
had ad libitum access to acommon diet for 14
days preceding the growing study to minimize
differences in gastrointestinal tract fill. Steers
then were blocked by weight and dlotted to
pens containing five to seven animds per pen,
withnine pens per treatment. Treatments (Table
1) consisted of diets containing steam-flaked
corn and 40% Sweet Bran (DM bass) with 0,
10, or 20% ground afdfa hay. A fourth diet
containing steam-flaked corn and 20% ground
dfafa hay was used as a control. All diets
provided 30 grams of Rumensin® per ton of dry
matter and werefed oncedally at 1.8% of body
weight for 88 days. On days 12, 25, 39, 55,
67, and 81, feed was removed 2 hours after
feeding, immediately weighed, and returned to
the respective feed bunk to measure intake



rate. Prior to obtaining find weights for the
growing phase, cattle had ad libitumaccessto a
common diet for 14 days. At the end of the
growing phase, steers were placed onto a
common finishing diet, fed for 101 days, and
then daughtered. Thefind finishing diet (Table
1) contained 82% steam-flaked corn, provided
30 grams per tonof Rumenan (DM basis), and
was offered once dally for ad libitum feeding.
Steers were weighed approximately every 28
days throughout the entire 203-day period.

Results and Discussion

Performance during the growing phase is
showninTable 2. Decreasngtheleve of dfdfa
hay in limit-fed, high-energy growing diets
containing 40% wet Sweet Bran (DM basis)
increased average daly gan and feed efficien
cies. Cattlefed no dfdfahad higher

average daily gansand feed efficencies (P<.05)
than those fed 10 or 20% dfdfa or control
diets. Steers fed the control and 20% afdfa
dietshad greater dry matter intake (P<.05) than
those fed no dfdfa (Table 3). However, no
feed-related metabolic disorders suchasacido-
sis or bloat were observed. During thefinishing
phase (Table 4), dry matter intake was higher
for controls than catle previoudy fed no dfafa
(P<.05), but feed efficiencies were greater for
catle previoudy fed 20% dfdfa than controls
(P<.05). Finishing average daily gains did not
differ among treatments (P>.40). The only
significant difference for carcass data was a
higher percentage of carcassesgrading standard
(P<.10) for cettle previoudy fed 10% dfdfa
This study suggests that additiond roughage
may not berequired for beef steers that receive
limit-fed, high-energy, growing diets containing
40% wet corn gluten feed.

Table1l. Experimental Diets (% of Dry Matter)

Diet

No 10% 20%
Ingredients Alfdfa Alfdfa Alfdfa  Control Fnishing
Sweet Bran® 40.55 40.43 40.31 - -
Alfdfahay - 10.19 20.31 2053 6.57
Steam-flaked corn 53.93 44.63 35.39 65.08 81.98
Soybean medl - - - 5.35 2.73
Cane molasses - - - 3.77 3.70
Tdlow 2.03 2.02 2.02 2.04 2.01
Urea .39 19 - 1.13 1.17
Limestone 1.92 1.60 1.27 .95 114
Sodium chloride 39 29 19 .39 .28
Potassum chloride .65 51 .38 - .04
Ammonium sulfate - - - 10 A9
Cacium phosphate - - - .56 A1
Vitamin/trace minerd premix? 14 14 14 10 .08
Crude protein, andyzed 16.5 17.0 17.6 16.7 145

Contained 10 g/ton Tylar®.

2\Vitamintrace minera premix formulated to provide (total diet dry matter): 1,490 1U/lb vitamin A,
.05 ppm cobat, 10 ppm copper, .62 ppm iodine, 60 ppm manganese, .30 ppm sdenium, 10 ppm

thiamin, 60 ppm zinc, and 30 g/ton Rumensin®.



Table2. PerformanceduringtheGrowingPhasefor CattleLimit-Fed DietsContaining
40% Sweet Bran® and 0, 10, or 20% Alfalfa Hay

Diet

Item No Alfdfa 100 Alfdfa 209 Alfdfa  Control SEM
No. of steers 53 55 56 56

Initid weight, Ib 578 577 573 575 7.4
Fnd weight, Ib 873 855 846 855 10.3
Dry matter intake, Ib/day 12.4 12.5 12.5 12.7 15
Average dally gain, Ib 2.90° 2.73° 2.68° 2.74° .051
Gan:fed 2332 219° 215P 217° .0039

abM eans within same row with uncommon superscripts differ (P<.05).

Table3. Rateof Experimental Dietary Dry Matter | ntakeasM easur ed 2Hour safter
Feeding on Days 12, 25, 39, 55, 67, and 81

Diet
Item No Alfdfa 1% Alfdfa 20% Alfdfa  Control SEM
Rate of dry matter intake, Ib 8.9 10.22° 11.0° 11.6° 55

abM eans within same row without common superscripts differ (P<.05).

Table4. FinishingPerformanceand CarcassCharacteristicsFollowingaGrowing
Periodduring WhichCattleWereLimit-Fed DietsContaining 40% Sweet
Bran®and 0, 10, or 20% Alfalfa Hay

Previous Growing Diet

ltem No Alfdfa 10% Alfdfa 20% Alfdfa  Control SEM
No. of steers 53 53 56 55

Initid weight, Ib 873 858 846 853 10.4
Dry matter intake, |b/day 19.9° 20.23P 20.43P 20.7° .25
Average daly gain, Ib 3.12 3.12 3.26 3.14 .068
Gan:feed .1562P .1542P .160? 152 0025
Hot carcassweight, |b 770 760 761 757 8.6
Ribeye area, in? 13.3 12.7 13.0 12.7 .28
Fat thickness, in 43 43 43 44 .020
Kidney, pelvic & heart fat, % 2.1 2.2 2.1 2.2 .066
Liver abscesses, % 2 3 2 2 2.6
Yied grade 1, % 6 6 7 9 35
Yield grade 2, % 39 33 41 34 6.5
Yield grade 3, % 51 59 45 53 7.7
Yiddgrade4 & 5, % 4 2 7 3 2.6
Marbling scoref SP’ St Sl Spe2 8
USDA Choice, % 49 47 42 47 6.1
USDA Sdlect, % 44 48 55 47 5.8
USDA Standard, % .08¢ 4¢ 19e 2de 15
Dark cutters, % 7 2 2 4 2.7

abM eans within same row without common superscripts differ (P<.05).

°g=Slight.

44Vl eans within same row without common superscripts differ (P<.10).
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EFFECTSOF FEEDING TWO MICROBIAL
ADDITIVESIN SEQUENCE ON GROWTH PERFORMANCE
AND CARCASS CHARACTERISTICSOF FINISHING HEIFERS

G. L. Huck?, K. K. Kreikemeier?, and G. A. Ducharme

Summary

Four hundred fifty heifers (846 Ib) were
used ina 126-day experiment to investigate the
effects of feeding two microbiad additives,
Lactobacillus acidophilus BG2FO4
(MicroCell) and Propionibacterium
freudenreichii P-63 (MicroCell PB), done or
insequence, onfeedlot growthperformanceand
carcass characterigics. A 21-day step-up
period preceded heifers being placed on afina
finidhing diet containing 10% corn slage, 42%
steam-flaked corn, 42% high-moisture corn,
3% soybeanmeal, and 3% minerd supplement.
Premeasured amounts of microbid additive
were mixed with water before being mixed
directly with the total ration. Treatments con-
sisted of 1) no microbid additive; 2) MicroCell
for the entire period; 3) MicroCdl PB for the
entire period; 4) MicroCdl for 28 days then
MicroCell PB for the remainder of the period;
and 5 MicroCdl PB for 28 days then
MicroCdll for the remainder of the period.

Feeding MicroCdl for 28 days and then
MicroCdl PB for the remainder of the feeding
period resulted in dgnificant improvements
(P<.10) in daily gain and feed efficiency.

(Key Words: Lactobacillus acidophilus,
Propionibacterium freudenreichii , Microbia
Feed Additives, Finishing, Carcass.)

1Southwest Area Extension Office.
2Biotal, West Point, NE.
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Introduction

Research on the microbia feed additive L.
acidophilusinfeediot dietshas been conducted
gnce the mid-1980's. In controlled studies,
improvements in daly gain and feed efficiency
arereported to be 2 to 3%. Itsproposed mode
of action is competitive excluson in the lower
gut. That is, L. acidophilus competes for
attachment dtes with pathogenic bacteria,
thereby improving nutrient absorption and
overdl hedth.

Because feedlot cattle consume rapidly
fermentable feeds like steam-flaked and high-
moidure corn, they are indined to develop
rumind acidoss. Acidotic conditions in the
rumen occur when lactate is produced faster
than the rumen environment can remove it.
Because P. freudenreichii utilizes lactate, it
might prevent these periodic bouts of lactic
acidoss. Our objective was to determine
during which phase of the finishing period these
microbid feed additives would be most effec-
tive

Experimental Procedures

This study was conducted at the Southwest
Research and Extension Center in Garden City
from September 9, 1998 to January 13, 1999.
Prior to the experiment, heifers werefed acorn
slage-based diet for approximatdy 7 months.
Four hundred fifty heifers (846 Ib) were dlotted
to 50 pensinacompletely random manner, then
blocked by location. Initid weight was based
on the



average of two consecutive dally weights. Each
penwithina block wasdlotted randomly to one
of five treatments, defined by microbid additive
or microbid additive sequence. Treatments
were: 1) Control, no additive fed; 2) MicroCell
during the entire period; 3) MicroCell PB during
the entire period; 4) MicroCedll for 28 days then
MicroCdl PB for the remainder; and 5)
MicroCdl PB for 28 days then MicroCell for
the remainder of the feeding period. Cattle
were stepped up in 21 days by feeding a diet
containing (dry basis) 60% corn silage for 7
days, 40% corn dlage for 7 days, and 20%
corn slagefor 7 days. Thefind diet contained
10% cornsilage, 42% steam-flaked corn, 42%
high-moisture corn, 3% soybean med, and 3%
minerd supplement. The diet was balanced to
contain 12.5% crude protein (2.5% from urea),
30 gramgton monenan, and 10 grams/ton
tyloan. Hefers were implanted initidly with
Component E-H and reimplanted with Compo-
nent E-H plus Component T-H on day 58.

Each microbid additive was mixed with
about 2 gdlons of tap water and added to the
total mixed ration. Then each load was mixed
for gpproximately 2 minuteslonger. Themicro-
bid additive feeding levels were 5x10° colony
forming units per head per day for MicroCell
and 1x10° for MicroCell PB. Attheend of the
feeding period, dl hefers were transported to
Monfort, Inc. in Garden City for processng.
Hot carcass weight, backfat thickness, and
marbling scorewere collected at the processing
plant. Find weight was determined by dividing
hot carcass weght by the average dressng
percent (62.6%).

Results and Discussion

The change in microbid additives occurred
onday 29. Therefore, day 1 through
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28 data reported in Table 1 reflect growth
performance of hefers fed either no additive,
MicroCédl, or MicroCel PB. Although no
gonificart differences in growth performance
occurred during day 1 through 28, heifers fed
MicroCell PB were out-performed numericaly
by control heifers and those fed MicroCell.
Thisagreeswithprevious research conducted at
Oklahoma State Universty.  Hefers fed
MicroCdl had the lowest numerica intakes
during the firgt 28 days, but they dso had nu-
mericaly better feed efficency than hefers in
other trestments.

Growth performance data for the entire
feeding period dso are shown in Table 1. Dally
feed inteke did not differ among treatments.
Feeding either MicroCdl or MicroCdl PB
aone throughout the entire period did not affect
daly intske, daily gain, or feed efficiency.
Feeding MicroCell PB followed by MicroCell
gonificantly improved average daly gan
(P<.10) but not feed efficiency, compared to
controls. Hefers fed MicroCdl followed by
MicroCel PB did not differ from controls for
daly feed intake, but gain was improved by
5.0% (P<.10) and feed efficiencywasimproved
by 5.1% (P<.10).

Animprovement (P<.10) in the percentage
of carcasses grading U.SD.A. Choice and
Prime was observed when MicroCedl PB was
fed throughout the entire trid (Table 1). Be-
cause we did not observe a smilar effect in
heifersfedMicroCell PB for only 28 fewer days
(MicroCdl followed by MicroCdl PB), this
difference is difficult to explain.

This study indicates that growth perfor-
mance of finishing cattle can be improved by
targetingthe appropriate microbid feed additive
to a particular phase of production.



Table 1. Effects of Microbial Additive Treatment on Heifer Growth Performance and
Carcass Characteristics

Microbia Additive Treatment?

Day 1to 28: None MC MC PB MC MC PB
Item Day 29 to 126: None MC MC PB MC PB MC SEM
No. of heifers 90 90 90 90 90

Performance, day 1 to 28

Initial weight, Ib 844 847 850 856 831 7.8
Fina weight, Ib 923 929 924 934 907 8.3
Dry matter intake, Ib/day 19.6 19.2 19.9 19.0 19.5 31
Average daily gain, Ib 2.84 2.93 2.69 2.82 2.76 A3
Gain:feed 144 152 135 149 142 .007

Performance, day 1 to 126

Initial weight, Ib 844 847 850 856 831 7.8
Adj. Final weight, Ib 1176 1179 1176 1205 1178 8.7
Dry matter intake, Ib/day 18.6 18.5 18.5 18.5 18.8 22
Adj. average daily gain, Ib 2.64 2.67 2.60 278> 276 .04
Adj. gain:feed 142 144 141 A50° 147 003
Hot carcass weight, Ib 736 738 737 754 737 55
Dressing percentage 62.7 62.5 62.6 62.9 62.6 2
Fat thickness, in 45 A48 46 43 45 017
Yield grade 1, % 22 17 19 29 21 4.7
Yield grade 2, % 55 67 55 54 62 5.1
Yield grade 3, % 23 12 26 17 15 4.3
Yield grade 4 & 5, % 0 4 0 0 1 1.0
USDA Choice + Prime, % 64 60 77° 66 68 4.6
USDA Select, % 32 34 20 31 29 45
USDA Standard, % 4 6 3 3 3 2.1
Liver abscess, % 7.0 2.7 2.5 8.0 6.6 2.3

MC=MicroCedl (Lactobacillus acidophilus BG2FO4); MC PB=MicroCell PB (Propionibacterium
freudenreichii P-63).
bDifferent from control (P<.10).
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LIMITING AMINO ACIDSFOR HOLSTEIN STEERS
FED SOYBEAN HULL-BASED DIETS

R. H. Greenwood and E. C. Titgemeyer

Summary

A sudy was conducted to determine the
limiting amino acids for cattle fed soybean hull-
based diets. Rumindly cannulated Holgein
steers (335 Ib) were maintained in metabolism
crates, fed the same basal diet (73% soyhullls,
19% dfalfa), and given the same intrarumind
infusions (400 g/day acetate to increase energy
supply without increasng microbid protein
supply). Steers were infused into the abomas-
um with a complete mixture of the 10 essentia
amno acids or the mixture with histidine;
tryptophan; arginine; phenyldanine; or the three
branched-chain amino acids(leucine, isoleucine,
and vdine) removed. Nitrogen retention was
reduced by remova of ether hididine or the
branched-chain amino acids, suggesting that
those amino acids were limiting.

(Key Words. Steers, Soybean Hulls, Amino
Acids)

Introduction

Previous research demonstrated that for
catle fed soybean hull-based diets, methionine
was the firg limiting amino acid, lysne was dso
limiting, but threonine was nat limiting. The
current study used amilar methods to evauate
the possihility that other essentid amino acids
aso limit leangrowth of steersfed soybean hull-
based diets.

Experimental Procedures

Sx rumindly cannulated Holgtein steers
(335 Ib initid body weight) were used ina6 x
6 Latin square design. Steers were maintained
in individual metabolism crates and fed 7.5
Ib/day of the same diet (Table 1) in equal por-
tions at 12-hour intervals.
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Table1l. Diet Composition®

Ingredient % of Dry Matter
Soybean hulls 72.4
Alfdfa 19.2
Molasses 47
Monocd cium phosphate 16
Sodium bicarbonate .8
Magnesum oxide 3
Limestone 4
Trace minerdized sdt? 2
Vitamin mixture® 2
Elementd sulfur .2

4Compogtion (%): NaCl (95 to 99); Mn
(>.24); Fe (>.24); Mg(>.05); Cu (>.032); Zn
(>.032); | (>.007); Co (>.004).

bSupplied per Ib diet dry matter: 2000 1U
vitamin A, 1000 1U vitamin D, and 26 1U
vitamin E.

All geersrecaved intrarumind infusons of
acetate (400 g/day) suppliedthrough aninfuson
lineterminating inthe rumen, inorder toincresse
the energy supply without increasing the micro-
bid protein supply. Treatments (Table 2) were
abomasal infusons of acomplete mixture of the
10 essentid amino acids or the same mixture
with ether the branched-chain amino acids
(leucine, isoleucing, and vdine); hididine;
phenyldanine; tryptophan; or arginine removed.
The abomasa amino acid infusons were sup-
plied continuoudy by aperigdtic pump through
tubing that passed through the rumina cannula
and into the abomasum. Each period was 7
days long with 3 days for



adaptation to treatments and 4 days for tota
collection of feces and urine.

Representative samples of the basal diet
were collected ineach period. During days3to
7, tota fecal and urine outputs were collected
daly, and sampleswere saved for later analyss.
Diet, feces, and urine were anadyzedfor nitrogen
to caculae nitrogen retention. On day 7 of
each period at 3 hours postfeeding, jugular
blood was collected and andyzed for plasma
urea and amino acid concentrations.

Results and Discussion

Nitrogen baance data are presented in
Table 3. Urinary and fecal nitrogen excretions
were datidicaly amilar among dl treatments,
but nitrogen retention decreased (P<.05) when
histidine or branched-chain amino acids were
removed from the infused mixture. This indi-
cates that without those amino acids, less lean
tissue was deposited. Nitrogen retention was
depressed to smilar magnitudes when ether
higidine or the branched-chain amino acids
were removed, indicating that these amino acids
were co-limiting.

Our report is among the firgt to directly
implicate histidine as a limiting amino acid for
growing cattle.  Other researchers have re-
ported that higidine was limiting for sheep when
the sole source of metabolizable protein was
microbia protein. Branched-chain
amino acids have been studied little, so few data
exist toindicate whether or not they are limiting.

Table 2. Amino Acid Treatments (g/day)

Plasma ureanitrogen (Table 4) was numeri-
cdly highest when higtidine was removed from
the infusate, reflecting the decrease in nitrogen
retention. However, Smilar changes in plasma
urea were not observed for branched-chain
amino acids, whose remova aso decreased
nitrogen retention.  As expected, plasma con-
centrations of individud amino acids (Table 4)
decreased when they were removed from the
infusate,

In previous studies, methionine was deter-
mined to be the firg limiting amino acid for
steers fed a soybean hull-based diet. In the
current study, the smilar reductions in nitrogen
retention that occurred when higtidine or
branched-chain amino acids where removed
from the infusate suggest that these amino acids
were co-limiting. In an earlier sudy, reductions
in nitrogen retention in response to deletion of
lysne were of a magnitude smilar to those
observedwhenhidtidineand the branched-chain
amino acidswere del eted, suggesting thet lysne
aso could be co-limiting. Further ddlinestion of
the limiting amino acid sequence will be difficuilt,
because nitrogenretentionresponsestoremoval
of lyane higtidine, and the branched-chain
amino acids are 0 Smilar.

Our data suggest that growing cattle fed
diets low in undegradable intake protein should
benefit fromthe additionof feedstuffs that would
increase the postrumina supply of these limiting
amino acids.

Treatment
Item Control -HIS -PHE -TRP -BCAA -ARG
L-Methionine 10 10 10 10 10 10
L-Lysine-HCP? 20 20 20 20 20 20
L-Threonine 10 10 10 10 10 10
L-Histidine-HCI-H,0° 10 - 10 10 10 10
L-Phenylalanine 10 10 - 10 10 10
L-Tryptophan® 5 5 5 - 5 5
L-Leucine 20 20 20 20 - 20
L-Isoleucine 10 10 10 10 - 10
L-\Vaine 10 10 10 10 - 10
L-Arginine 10 10 10 10 10 -

¥eed grade, provided 15.8 g/day lysine. PProvided 7.4 g/day histidine. “Feed grade, provided 4.9

g/day tryptophan.
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Table3. Effects of Removing Amino Acids from Postruminal Infusions on Nitrogen

Retention in Growing Cattle

Treatment
Nitrogen, g/day Control* -HIS? -PHE®  -TRP* -BCAA® -ARG® SEM
Total intake 76.5 74.6 75.3 75.9 71.9 72.8
Fecal 29.2 30.5 29.8 28.7 29.0 27.7 1.0
Urinary 18.8 20.0 19.5 19.9 18.6 18.5 9
Retained 28.5 24.12 26.1 27.4 2442 26.6 1.0

IMixture of 10 essential amino acids.
2Histidine removed.

3Phenylalanine removed.
“Tryptophan removed.

SLeucine, isoleucine, and valine (branched-chain amino acids) removed.

®Arginine removed.
Different from control (P<.05).

Table4.  Effects of Removing Amino Acids from Postruminal Infusions on Plasma Amino
Acid and Urea Concentrationsin Growing Cattle

Treatment
Amino Acid, nM Control* -HIS -PHE? -TRP* -BCAA> -ARG® SEM
Higtidine 88 30° 79 81 %4 87 4.1
Phenyldanine 66 70 34? 67 71 68 3.6
Tryptophan 36 31 34 18 34 34 25
Leucine 175 181 173 177 532 194 10.2
Isoleucine 141 139 142 148 902 150 7.6
Vdine 288 290 286 270 1722 313 12.1
Arginine 124 nv 116 18 138 722 3.5
UreaN, mM 1.31 1.65 1.34 1.42 1.38 1.38 14

'Received mixture of 10 essential amino acids.
Histidine removed.

3Phenylalanine removed.

“Tryptophan removed.

SLeucine, isoleucine, and valine removed.
®Arginine removed.

®Different from control (P<.05).
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EFFECTSOF CARNITINE ON PERFORMANCE
OF FINISHING STEERS

R. H. Greenwood, E. C. Titgemeyer,
J. S. Drouillard, and C. A. L6est

Summary

Ninety-five crossbred steers (787 b initid
body weight) were fed finishing diets (14.5%
crude protein) for 129 days. Dietswere based
on steam-flaked corn and contained 6% afafa
and 4% tallow. Steerswere supplemented with
2 gper day of L-carnitine, or not supplemented
(contral). Feed intakes, gains, and feed effi-
ciencieswere not impacted by carnitine supple-
mentation. However, steers receiving L-car-
nitine had fatter carcasses as indicated by ten-
dencies (P<.2) for more subcutaneous fat,
higher marbling scores, and higher yidd grades.
Canitine supplementation may increase fat
deposition and dter carcass qudity of finishing
cattle.

(Key Words: Steers, Carnitine, Performance,
Carcass Quality.)

Introduction

Carnitine is a vitamin-like substance that
fecilitates fat oxidation. Research with swine
has indicated that supplementa carnitine im-
proves feed efficiency and aters carcass com-
position. However, little carnitine research has
been conducted with finishing cettle and has not
been conclusve. In one study, heifers fed a
high-grain diet had lower qudity grades when
they received 1 g/day carnitine, whereas in
another study, carnitine-supplemented steers
and heifers had higher qudity grades. Our
objective was to evaluate the effects of 2 g per
day of supplementa L-carnitine on the perfor-
mance and carcass attributes of finishing cattle.
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Experimental Procedures

Thisstudy was conducted during the spring
and summer of 1999. Ninety-five crossbred
yearling steers (average initid weight of 787 1b)
were used in a randomized complete block
design experiment. Steers were fed for 129
days on a typicd finishing diet (Table 1) based
on steam-flaked corn. Treatments were O or 2
g/day of L-carnitine top-dressed to the diets at
feeding. This carnitine level was based on a
previous metabolism experiment.  Steers were
implantedwith Component TE-S®. Cattlewere
sorted into 12 pens with eight steers per pen
(one pen contained only seven steers) to pro-
vide Sx pairs of pens as dmilar as possible in
weight and breed characteristics. For each pair,
one pen received carnitine and the other (con-
trol) did not. Feed was provided once daily
and cattle had ad libitum access. After 129
days on feed, steers were shipped to a com-
mercid daughter facility. Except for hot carcass
weights, carcass characteristics were obtained
after a24-hour chill. Find live weight of steers
was calculated as carcass weght divided by a
common dressing percent (64%).

Results and Discussion

No differences in feed intake, gan, or
efficiency occurred between treatments (Table
2). However, carcasses of steers supplemented
with carnitine appeared to be fatter than those
of controls (Table 2). Backfat thickness
(P=.12), marbling score (P=.14), and yidd
grade (P=.19) dl tended to be increased by
carnitine, which, inturn, led



to shifts in carcass qudity and yied grades.
Carnitine-supplemented steershad anumericaly
greater percentage of carcassesgrading USDA
Choice (73 versus 64%) and numericaly lower
percentage of carcasses with ayield gradeof 1
or 2 (35 versus 58%; Table 2). Percent kidney,
pelvic, and heart fat was not affected by treat-
ment, suggesting that carnitine effects may be
specific to particular fat depots.

If carnitine increased fatty acid oxidation (as
we expected based on its metabolic function),
lipid depositionshould decrease. However, itis
possible that 1) our measures of carcass fatness
did not reflect whole-body lipid depostion and
2) the gite of lipid deposition was impacted
more than was the amount of lipid deposited.

Our data suggest that lipid, but not protein,
deposition by cattle fed grain-based diets may
be impacted by carnitine status.

Table1l. Composition of Diets for Finish-
ing Steers

Ingredient % of Dry Matter
Steam-flaked corn 79.08
Alfafa hay 6.00
Cane molasses 4.00
Tdlow 4.00
Soybean meal 3.77
Limestone 1.28
Urea 121
NaCl .30
Ammonium sulfate .20
Minera premix? .07
KCl .05
Rumensin 80° .02
Tylan 40° .01
Vitamin A premix® .01
Nutrient, analyzed

Crude protein 14.5

Calcium .62

Phosphorus 27

%Provided 48 ppm Mn, 48 ppm Zn, 8.0 ppm Cu,
.50 ppm 1, .43 ppm Fe, .30 ppm Se, and .04 ppm
Co to diet (dry basis).

bProvided 27 g/ton monensin (dry basis).
“Provided 9 g/ton tylosin (dry basis).

dProvided 1200 U vitamin A per pound (dry
basis).

Table 2. Performance and Carcass Characteristics of Finishing Steers

Item Contral 2 g/d Carnitine SEM
No. of steers 47 48

Initid weight, Ib 788 787 5.0
Find weight?, Ib 1235 1233 8.9
Dry matter intake, [b/day 19.6 19.7 A2
Average daly gar?, Ib 347 3.45 074
Gan:feed? A77 176 .0037
Hot carcassweight, Ib 790 789 5.7
Ribeye areq, in? 13.1 13.2 14
Fat thickness, in 41 45 .015
Kidney, pelvic & heart fat, % 2.07 2.08 .042
Averageyidd grade 2.38 2.63 A1
Yidd grade 1, % 13 4 4.4
Yidd grade 2, % 45 31 74
Yield grade 3, % 34 63 8.7
Yidd grade 4, % 8 2 3.0
Marbling score? S8 Sm® 12
USDA Choice, % 64 73 5.7
USDA Select, % 30 23 5.8
USDA Standard, % 6 2 1.9

2 Final weight calculated as carcass weight /.64.

® Sn=Smdl.
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BETAINE SUPPLEMENTATION FOR

C.A.
C. M. Coetzer, R. D. Hunter, and B. D. Lambert

FINISHING CATTLE

Loest, E. C. Titgemeyer, J. S. Drouillard,

Summary

Crossbred hefers (756 Ib) were used to
evduae the effects of feed-g-ade betaine on
anima performance and carcass characteristics.
Hefers had ad libitum access to a finishing diet
without betaine or with 4, 8, or 12 g/day of
feed-grade betaine top-dressed at feeding.
Feed intakes, gains, and feed efficiencies were
not sgnificantly atered by feed-grade betaine.
Hot carcassweightstended to increase with the
betaine supplementation, but dressing percent;
percentage of kidney, pelvic and heart fat; fat
thickness; or ribeye area were not atered.
Yidd grades were numericdly greater, and
marbling scores sgnificantly greater for hefers
supplemented with 4 or 12 g/day of betaine.
Theseresultsdemonstrate that supplementation
of feed-grade betaine may have minor effectson
performance and carcass characteristics.

(Key Words. Betaine, Hefers, Performance,
Carcass.)

Introduction

Previous research at Kansas State Univer-
sty has suggested that feed-grade betaine may
improve feedlot performance and carcasses
qudity grades. Differencesweremore gpparent
with 10.5 g/day than 21 g/day, suggesting that
the response to supplementa betaine may peak,
and then decline.

Our objectives were to invesigate the
effects of feed-grade betaine supplementation
onanimd performance and carcass characteris-
tics and to find the optima level of supple-
mentation.
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Experimental Procedures

Three hundred twelve crossbred, non-
pregnant heifers averaging 756 |b were used in
a randomized block desgn. Hefers were
individudly weighed and implanted with
Revalor-H®. Then they were dlotted to one of
three blocks based on weght and previous
trestment and, within eachblock, were Sratified
by weight to one of eght pens (12 to 13 heifers
per pen). Heifers were adapted to acommon
finishing diet before the Sart of the experiment.
Trestments were a control without betaine and
three levels of feed-grade betaine (4, 8, and 12
g/day) top-dressed onto the diet at feeding.
The basal diet was provided once daly, and
heifershad ad libitumaccess. The three blocks
of heifers were fed for 117, 127, or 159 days
before find penweghtswere obtained and they
were shipped to acommercid daughter facility.

Results and Discussion

Top-dressing feed-grade betaine to the
finshing diet had no effect on feed intakes
(Table 2). Gains of heifers fed 12 g/day of
betaine were 2.5% greater than those of con-
trols, but the difference was not dtatigtically
sgnificant. Smilarly, feed efficiencies were not
greaily affected by betaine addition. Hot car-
cass weights tended to increase (linear; P=.15)
with the betaine supplementation; carcasses
from heifersfed 12 g/day betaine weighed 7 Ib
more thanthose of controls. Dressing percent;
percentage of kidney, pelvic and heart fat;
twdfth rib back fat; and ribeye area dso were
not altered. Yidd grades were numenicdly
greater, and marbling score sgnificantly greater
(cubic, P<.05) for heifersfed 4 or 12 g/day of
feed-



grade betaine. Carcasses grading USDA
Choiceaveraged 77% for control heifers, which
|eft little room for improvement in response to

betaine.

Theresultsof this study suggest that supple-
menting finishing heifers with feed-

grade betaine has minor effects on performance
and carcass characterigtics. This study and a
previous K SU study suggest that supplementing
finishing cattle with 10 to 12 g/day of feed-
grade betaine may improve carcass value.

Tablel. Ingredientsand Nutrient Composition of the

Finishing Diet

Item % of Dry Matter

Ingredient
Steam-flaked corn 81.61
Chopped dfdfahay 7.00
Cane molasses 4.00
Feather medl 3.01
Bleachable tallow 2.00
Limestone 1.27
Urea .55
St .30
Potassum chloride 15
Trace minerd mix® .06
Rumensin-80° .02
Tylan-40° .01
Vitamin A premix¢ .01

Nutrient, caculated
Crude protein 13.0
Cddum .65
Phosphorus .28
Potassum .65

@To provide (dry basis): 60 ppm Zn, 60 ppm Mn, 10 ppm Cu, 1.1
ppm Fe, .63 ppm I, .25 ppm Se, and .05 ppm Co to diet.

To provide (dry basis): 30 g monensin per ton of diet.

“To provide (dry basis): 10 g tylosin per ton of diet.

“To provide (dry basis): 1200 |U vitamin A per Ib of diet.
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Table2. Effectsof Feed-GradeBetaineonthePerformanceand CarcassCharacteris-

ticsof Finishing Heifers

Betaine, g/day
Item 0 4 8 12 SEM
No. of heifers 78 77 78 77 -
Performance Data
Initid weight, Ib 754 754 756 757 15
Fnd wagnt, Ib® 1084 1075 1085 1093 7.7
Dry matter intake, |b/day 18.1 17.8 17.6 18.1 .30
Average daly gain, Ib? 244 2.40 2.44 2.50 .058
Gan:feed? 136 135 140 139 .0032
Carcass Characterigtics
Hot carcassweight, Ib 699 693 705 706 52
Dressing percentage 64.5 64.5 65.0 64.6 A7
Ribeye areq, in? 14.2 139 14.3 14.0 22
Fat thickness, in 40 40 40 40 021
KPHP fat, % 2.2 2.2 2.3 2.2 .066
Yied grade 1, % 18 22 19 10 3.7
Yield grade 2, % 38 34 37 44 52
Yield grade 3, % 40 36 37 41 57
Yieldgrade4 & 5, % 4 8 6 5 2.6
Marbling score™ S St Si2 Sl 13
USDA Prime, % 6 9 3 5 31
USDA Choice, % 71 69 71 73 4.7
USDA Sdlect, % 19 18 24 20 45
USDA Standard, % 4 4 3 3 16
Liver abscesses, % 7 7 3 7 2.7

4Computed by applying a 4% shrink to the fina weights.

K PH = kidney, pelvic & heart.
°q = Slight.
dCubic effect of betaine (P<.05).
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IN VITRO DEGRADATION OF BETAINE
BY RUMINAL MICROBES

C. A. Loest, C. K. Armendariz, and E. C. Titgemeyer

Summary

Aninvitro study was conducted to evduate
the degradation of betaine sources by rumen
microbes. Five sources of betaine (anhydrous
betaine, betaine-HCI, feed-grade betaine, lipid-
coated betaine, and concentrated separator by-
product) wereincubated in rumenfluid collected
fromsteersfed gran or forage-based diets. In
vitro degradation of betaine was dower withthe
high roughage diet than the grain diet. Betaine
from concentrated separator by-product was
degraded most rapidly, but no large differences
occurred among the other four sources. The
disappearance of betane from lipid-coated
product indicates that it did not resist rumina
degradation. Although betaine from all sources
was degraded, some till remained after 24
hours of incubation, suggeding that some
betaine may bypass the rumen.

(Key Words. Rumen, Betaine, Degradation.)
I ntroduction

Research at Kansas State University has
demondtrated that cettle may respond to sup-
plementa betaine, possibly because of its role
as a methyl group donor. However, betaineis
likdy to be degraded extendvely by rumen
microbes and may need to be protected from
rumind fermentation in order for gppreciable
amounts to reach the smdl intestine.

Our objective was to estimate how much
betaine from various sources may escape
rumind degradation.
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Experimental Procedures

Rumind contents were collected from four
rumindly cannulated Holstein steers. Two were
fed ahigh-grain (corn) diet, and two were fed a
forage-based (prairie hay) diet. Rumind con-
tents were strained through cheesecloth, main-
tained at 39°F, and mixed with an equa volume
of warmMcDougdl’ sbuffer. Thebuffer-rumin-
a flud mixture (20 milliliters) was added to in
vitro incubation tubes containing .2 grams (dry
basis) of an energy source (corn for the grain
diet and prarie hay for the forage diet) and 10
milligrams of betaine from one of five sources.
The sources and thar analyzed betaine concen-
trations were: 1) anhydrous betaine (95.7%); 2)
betaine-HCl (75.3%); 3) feed-grade betane
(Finnsugar Bioproducts, Helsinki, Finland)
(81.8%); 4) lipid-coated betaine (Finnsugar
Bioproducts) (59.9%); and 5) concentrated
separator by-product (American Crystal Sugar,
Moorhead, MN) (6.2%). This by-product
results when additiona suger is extracted from
beet molasses. Tubeswithout betaine also were
prepared to correct for background quantities
of betaine inrumind fluid and the energy source
(corn or prairie hay). Tubeswere prepared in
duplicate, flushed with carbon dioxide, and
seded with one-way-vave rubber stoppers to
mantan anaerobic conditions before being
incubated for 2, 4, 8, 24, or 48 hours at 39°C.
To stop fermentation at the end of eachincuba:
tion period, ethanol (5 ml) was added, and
tubes were placed in a bailing water bath and
boiled for 5 minutes. Tubes were centrifuged
(30,000 x gfor 20 minutes) and the supernatant
was andyzed for residud betaine.



Results and Discussion

The betaine concentrations in some of the sources
were slightly lower than label claims, likely because
The amounts of betaine

of moisture accumulation.
remaining in the in vitro tubes before and after 2, 4, 8,

12, 24, and 48 hours of incubation are presented in

Figure 1.

The grain diet generally led to faster betaine
degradation than the forage diet, probably because
of a faster fermentation rate. Among betaine
sources, concentrated  separator  by-product
appeared to be degraded most rapidly for both the
forage and grain diets. Little remained after 24 h of
incubation. Rapid degradation may occur because
this source also provides additional sugar and may
stimulate fermentation.

betaine, and lipid-coated betaine. The lipid-
coated betaine was a mixture of a feed-grade
betaine and calcium stearate designed to enhance
flowability and potentially decrease ruminal
degradation of betaine. The disappearance rate
of betaine from lipid-coated betaine, however,
was slightly greater than that from feed-grade
betaine (Figure 1), indicating that lipid coating
did not effectively decrease the metabolism of
betaine by ruminal microorganisms.

Even though betaine was degraded by
ruminal microbes, some of the betaine from all
sources remained after 24 hours, which suggests
that some betaine would escape ruminal
degradation and thus pass to the small intestine.

Figure 1. Betaine Remaining after Incubation
in Rumen Fluid from Steers Fed Grain- and
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EFFECTS OF SUPPLEMENTATION OF LIMIT-FED
GROWING DIETSWITH EITHER SOYBEAN MEAL OR
NONENZYMATICALLY BROWNED SOYBEAN MEAL
ON STEER PERFORMANCE

C. M. Coetzer, J. S. Drouillard, C. A. Loest,
D. J. Bindd, H. LaBrune, R. D. Hunter,
T. A. Nutsch, and J.J. Higgins?

Summary

Seventy two individudly fed Angus x Here-
ford steers (642 Ib) were used to evduate the
effectsof supplementing limit-fed, growing diets
with ether soybean med (SBM) or non-
enzymdicdly browned soybeanmed (NSBM).
Eght steers were alotted to a control diet
composed of 39.1% high-moisture corn, 42%
cottonseed hulls, 10.4% ground corn, 5% cane
molasses 2.25% urea, and 1.5% vitamins and
mineras (dry basis). The remaning steerswere
adlotted to diets that derived 100, 80, 60, or
40% of their supplementa protein fromSBM or
60, 45, 30, or 15% of their supplemental pro-
tein fromNSBN. The balance of supplementa
protein came from urea. All diets were formu-
lated to contain 13.0% crude protein (dry
basis). Steers were fed once daily for 80 days
a 2.25% of BW. Average ddly gan ad
efficdency did not differ (P>.05) between
sources (ADG=1.932 + .103 x (% CP from
SBM) + .097 x (% CP from NSBM);
gain:feed=.140+ .0058 x (% CPfromSBM) +
.0051 x (% CP from NSBM)). The lack of
response to NBSBM supplementation above
that for SBM suggedts that ether degradable
intake protein was limiting in the basd diet or a
large proportion of the amino acids in the
NSBM wereunavailable due to overprocessing.

(KeyWords: Growing Cettle, Nonenzymatica-
ly Browned Soybean Med, Undegraded Intake
Protein.)

Department of Statistics.
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Introduction

Previous research at KSU has demon-
strated that supplementation with non-
enzymétically browned soybeanmed (NSBM)
improved performance of growing steers fed
restricted amounts of wheat middling-based
diets. Energy sources like high-moisture corn
are characterized by rdatively high levds of
degradable intake proteinand al so might benefit
from supplementation with NSBM.

The contert of bypass protein is higher in
NSBM than in untrested commercia soybean
med (SBM). Our objective was to compare
the effects of supplementing limit-fed growing
dietscomposed predominantly of high-moisture
corn and cottonseed huls with either SBM
(28% bypass protein) or NSBM (82% bypass
protein).

Experimental Procedures

Seventy two individudly fed Angusx Here-
ford steers (642 1b) were dratified by weight
and dlotted randomly, within strata, to one of
nine trestments. Eight Seerswere dlotted to a
control diet (Table 1), and the remaining steers
were dlotted to one of four soybean protein
levelswithineach SBM source. Levelsof SBM
were 100 (6.5% CP), 80(4.9%CP), 60 (3.2%
CP), and 40% (1.6% CP) of supplemental CP
with the balance as urea. Levels of NSBM
were60 (3.9% CP), 45 (2.9% CP), 30 (1.9%
CP), and 15% (1% CP) of supplementa CP
with the balance as



urea. All diets were formulated to contain
13.0% crude protein (dry basis). Steers were
fed once dally for 80 days at 2.25% of BW.
Datawere andyzed by regresson using supple-
mentation level as acontinuous varigble nested
within supplement source (SBM or NSBM).

Results and Discussion

Gain (Figure 1) and efficiency (Figure 2) did
not differ (P>.05) among sources:.

ADG (Ib/day) = 1.932 + .103 x (%CP from
SBM) +.097 x (%CP from NSBM)

Gain to feed = .140 + .0058 x (%CP from
SBM) + .0051 x (%CP from NSBM).

In our model, weformulated the control diet to
containexcessdegradable intakeprotein (120%
of requirement according to level 1 of the 1996
NRC) and, therefore, expected little response
to SBM supplementation. However, the ob-
served response to SBM  supplementation
suggests that the basd diet was il deficient in
degradable protein.

Supplementinglimit-fed growing dietsbased
onhigh-moisture cornand cottonseed hullswith
NSBM improveanimd performance above that
seenwithSBM supplementation. Thissuggests
that either degradabl e intake protein waslimiting
inthe basal diet or that alarge proportionof the
amino acidsinthe NSBM were unavailable due
to overprocessing.

Table 1. Compositions of Experimental Diets (dry basis)

2

SBM SBM SBM SBM NSBM NSBM NSBM NSBM
————————————————— % of supplemental protein ———-——-————————————

Item Control 40 60 80 100 15 30 45 60
High-moisture corn 39.10 3910 3910 3910 39.10 39.10 39.10 39.10 39.10
Cottonseed hulls 42.00 4200 42.00 42.00 42.00 42.00 42.00 42.00 42.00
Molasses 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00
sem?! 4.90 7.40 9.90 12.40
NSBM? 1.80 3.80 5.60 7.40
Ground corn 10.40 6.00 4.00 2.00 8.90 7.30 5.70 4.10
Calcium phosphate .23 .23 .23 .23 .23 .23 .23 .23 .23
SAt .25 .25 .25 .25 .25 .25 .25 .25 .25
Limestone 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.10
Urea 2.25 .52 1.04 1.56 .85 1.15 1.46 177
Vitamin/mineral mix@ .06 .06 .06 .06 .06 .06 .06 .06 .06

4Contains 8 ppm Cu, .04 ppm Co, .5 ppm |, .13 ppm Fe, 48 ppm Mn, .2 ppm Se, 47 ppm Zn, 1330 1U/Ib vitamin A.
Rumensin® and Tylan® were added at 30 g/ton and 10 g/ton of diet, respectively.

lsgm = soybean meal.
>NSBM = nonenzymatically browned soybean meal.

46



2.9

y=1.932 + .103 x (%CP from SBM)
2.7 ' (P<.05) *
@
—~ 2.5
=
O 2.3 y=1.932 + 097 x (%CP from NSBM) SBM
< o1 (P<.05) *
. a NSBM
1.9
1.7

0 1 2 3 4 S 6
% CP
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COMBINATIONS OF WET CORN GLUTEN
FEED AND STEAM FLAKED CORN IN
FINISHING CATTLE DIETS

J.J. Sindt, J. S. Drouillard, S. P. Montgomery, T. B. Farran,
H.J. LaBrune, R. D. Hunter, J. J. Higgins?,
R. T. Ethington?, and R. U. Lindquist?

Summary

A 152-day experiment was conducted usng
615 crossbred steersto evduate cattle perfor-
mance when steam-flaked corninfinishing diets
was replaced partidly withwet corn gluten feed
(CGF). Finishing diets contained no wet CGF
(OCGF) or 30 and 60% CGF on a dry matter
bas's (30CGF and 60CGF). Rumind and fecd
pH increased linearly (P<.01) asthe proportion
of wet corn gluten feed increased. Cattle fed
60CGF gained less than those fed 30CGF
(P<.01) and were less efficient than cattle fed
OCGF or 30CGF (P<.05). Dressng percent-
age was lower (P<.03) for cattle fed 60CGF
compared to cattle fed 30CGF. Incidence of
liver abscessesincreased linearly (P<.01) asthe
level of CGF increased. Replacing steam-
flaked corn with wet CGF at 30% of the diet
did not dter performance.

(Key Words: Wet Corn Gluten Feed, Steam-
Flaked Corn, Finishing Caittle.)

Introduction

Corn gluten feed (CGF) is the mgor by-
product produced from the wet milling of corn
for production of starch and corn swesteners.
It contains ahigh percentage of fiber and, there-
fore is idedly suited for use in cdtle diets.
Previous studieshave identified optimal substitu-
tion levels of gluten feed in finishing diets com-
posed of dry rolled or high-moiguregrain. In
Kansas, however, sseamflaking is the predomi-
nant method of grain processing in feedlots.
Steam flaking improves energy availability of
grains, however, the heat associated withflaking

Department of Statistics.

induces cross-linking reactions that reduce
avalability of grain protein. Therefore, high
protein levds in CGF may bemore complemen-
tary to flaked cornthanto high-moisure or dry-
rolled grain. Additiondly, rgpid rumina degra-
dation of steam-flaked corn predisposes catle
to digedive disorders such as acidosis. The
fibrous nature of CGF and the resulting dower
rates of digestionmay provide an opportunityto
minimize this condition.

Experimental Procedures

Sx hundred fifteen crossbred beef steers
(average wt 649 |b) were used in a 152-day
expeiment to evauate finishing performance
when steam-flaked corn was replaced partidly
with wet CGF. Steers were blocked by previ-
ous treatment and randomly alocated, within
block, toeach of three diets (4 pens per diet, 48
to 53 steers per pen). Dietary treatments
included no CGF (OCGF) or 30 and 60% wet
CGF on a dry mater bass (30CGF and
60CGF). Diet compostionsareshowninTable
1

Steers were implanted with Component®
TE-Sonday 1 and were adapted to the find
finishing diets within 23 days. Repective diets
were provided once daily, and cattle had ad
libitum access.  Unconsumed feed was col-
lected, weighed, analyzed for dry matter con-
tent, and subtracted from the amount of feed
offered to determine actua feed intakes.

2Minnesota Corn Processors, Inc., Marshall, MN.
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On days 114 to 118, samplesof rumenflud
and feces were collected from 180 steers (60
per trestment) for determination of rumind and
fecd pH. Rumen fluid was obtained via
rumenocentess usng a 4-inch, 16-gauge nee-
dle. Feca grab sampleswere collected concur-
rently.

Fina shrunk weghts were determined by
dividing carcass weight by a common dressing
percentage (64.0%). Ribeye areq, fat thick-
ness, percentage kidney, pelvic and heart fat,
marbling score, incidence of dark cutters, and
USDA qudity and yield grades were eva uated
24 hours after daughter.

Results and Discussion

A linear increase was observed for both
rumind and feca pH as the proportion of wet
CGF in the diet increased (Figure 1). This
suggedts that increasing the percentage of CGF
in the diet potentialy could reduce metabolic
disorders by eevating rumina pH.

Performance during the finishing trid is
summarized in Table 2. Dry matter intake

tended to increase (P<.14) asthe proportion of
CGF increased. Averagedaly gain during the
finishing phase was grester (P<.01) for steers
fed 30CGF than steers fed 60CGF. This
resultedinmore efficient (P<.05) gainsfor cattle
fed OCGF or 30CGF than cattle fed 60CGF.
Dressing percentage was lower (P<.03) for
catle fed 60CGF compared to cattle fed
30CGF. Incidenceof liver abscessesincreased
linearly (P<.05) asthelevd of CGF increased.
This suggests that metabolic disorders may not
be reduced by adding CGF to the diet, in spite
of the observed differences in rumind pH
among the diets.

Replacing steam-flaked cornwithwet CGF
at 30% of the diet dry matter yielded perfor-
mance smilar to that with steam-flaked corn.
However, when wet CGF was increased to
60% of the diet dry matter, performance was
reduced modestly. Moderate levels of wet
CGF are suitable as a replacement for steam-
flaked corn in cettle finishing rations. Use of
higher leves of wet CGF may be a judifigble
dterndive, if the opportunity is avalabdle to
lower cogts of gain.

Table 1. Comgosition of Exgerimental Dietsg% of diet drx matter)

Dietary Wet Corn Gluten Feed

Ingredient 0% 30% 60%
Flaked corn 81.60 58.37 30.21
Alfafa hay 6.71 6.82 6.97
Molasses 3.72 - -
Tdlow 2.01 2.05 2.09
Wet corn gluten feed - 28.64 58.51
Soybean meal 2.83 1.44 -
Urea 1.21 .79 .36
Limestone 1.18 1.28 1.39
Sodium chloride .29 .29 .30
Potassium chloride .04 .02 -
Ammonium sulfate .19 .10 .10
Calcium phosphate A2 .06 .06
Vitamin/trace mineral premix® .10 10 10
Nutrient
Dry matter, % 83.4 65.0 53.0
Crude protein, % 14.9 15.2 15.4
Cdcium, % .66 .70 .75
Phosphorus, % .29 .35 41
Thiamin, ppm - 7.5 15
Copper, ppm 8.3 12.2 16.0

jitamin/trace mineral premix formulated to provide (total diet dry matter): 1,200 1U/Ib vitamin A, .10
ppm cobalt, .52 ppm iodine, 50 ppm manganese, .25 ppm sdenium, 50 ppm zinc, 30 grams/ton

Rumensin®, and10 grams/ton Tylan®.
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Figure 1. Effect of Increasing Dietary Proportions of Wet Corn Gluten Feed on
Ruminal and Fecal pH of Finishing Cattle

Table2. Finishing Performance and Carcass Characteristics of Steers Fed 0,30, or
60% Wet Corn Gluten Feed (dry matter basis)

Dietary Wet Corn Gluten Feed

Item 0% 30% 60% SEM
No. of steers 206 202 207

Initial weight, Ib 655 645 647 12.8
Final weight, Ib 1183 1181 1173 11

Dry matter intake, |b/day 191 19.2 19.9 .26
Average daily gain; Ib 3.14 3.222 3.05° .032
Gain:feed 1652 .1682 154 .0026
Hot carcass weight, |b 25 726 711 6.9
Dressing percentage 61.3 61.5% 60.7°

Ribeye area, in® 12.0 11.9 11.6 17
Kidney, pelvic, & heart fat, % 2.1 2.1 2.1 .083
Fat thickness, in 46 42 43 .020
% USDA vyield grade |,% 5 7 5 2.2
% USDA Vyield grade 2,% 31 35 32 3.9
% USDA vield grade 3,% 56 47 56 4.1
% USDA yield grade 4 & 5,% 9 58 12 5 8 45 25
Marbling scor Sl S Sl 8.0
USDA Choice, % 31 29 26 5.2
USDA Select, % 57 59 58 4.8
USDA Standard, % 12 13 14 3.2
Dark cutters, % 0 1 2 .50
Liver abcesses, % 152 2.0 3.9 .58

by eans within same row with uncommon superscripts differ (P<.05).
‘SI=Slight.
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INCREASING LEVELSOF RUMENSIN®IN LIMIT-FED,
HIGH ENERGY, GROWING DIETSFOR BEEF STEERSAND
EFFECTS ON SUBSEQUENT FINISHING PERFORMANCE

S. P. Montgomery, J. S. Drouillard, J. J. Sindt,
T.B. Farran, H.J. LaBrune, R. D. Hunter,
J. J. Higgins?, and T. A. Nutsch

Summary

One hundred sixty-four crossbred beef
steers were used to determine optima  Rumen-
sr® concentrations in limit-fed, high-energy,
growing diets. Diets contained 30, 40, or 50
grams of Rumensn per ton of dry matter (R30,
R40, and R50). Average daly gain and feed
efficiency during the growing phase were not
different (P>.80) among trestments. Steersthat
received R50 in the growing phase had the
highest average daily gains during the finishing
phase (P<.05). Thisresulted in heavier carcass
weights for R50 than R30 (P<.05) and R40
(P<.12). Fead efficiencies during the finishing
phase were not differert among treatments
(P>.40).

(Key Words Rumenan, Limit Feeding, Finish
ing Cattle)

Introduction

Currently, Food and Drug Administration
regulaions limit Rumensin to not more than 30
grams per ton of diet. Although this levd is
adequate to enhance growth and increase feed
efidency in cattle feeding ad libitum, it may be
less than optimum whencattle are fed restricted
amountsof high-concentrate growing diets. This
study was to determine if levels of Rumensin
higher than those currently approved by the
FDA, when added to limit-fed, high-energy,
growingdiets, would increase average dally gain
and feed efficiency of catle during the growing
phase and subsequent finishing period.

Department of Statistics.
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Experimental Procedures

One hundred sxty-four crossbred beef
seers weighing 574 Ib wereused in arandom-
ized complete block design experiment. They
had ad libitum access to acommon diet for 14
days preceding the growing study to minimize
differences in gadrointestind tract fill. Steers
were blocked by weight and alotted to pens
containing five to seven animals per pen, with
nine pens per treetment. Growing diets (Table
1) provided 30, 40, or 50 grams of Rumensn
per ton(DM bass). Diets were fed once daly
at 1.8% of body weight (DM bass) for 88
days. Intakeswere adjusted weekly, assuming
an average gain of 2 |b per head daily. Prior to
obtaining find weights for the growing phase,
cattle had ad libitum access to a common diet
for 14 days. At the end of the growing phase,
steers were placed onto a common finishing
diet, fed for 101 days, and then daughtered.
The find finishing diet (Table 1) contained 30
grams of Rumenan per ton (DM basis) and was
offered once daily for ad libitumfeeding. Steers
were weighed approximately every 28 days
throughout the entire 203-day growing-finishing
trid.

Results and Discussion

Increasing the level of Rumenaninlimit-fed,
high-energy, growing dietsdid not affect weight
ganor feed efficiency (P>.80) during the grow-
ing phase, which suggests that 30 grams of
Rumensin per ton were sufficient to dicit maxi-
mal growth response.



During the finishing phase, average daily
gan was greater (P>.05) for steers fed R50
during the growing phase than for steers fed
R40 or R30. Thisresulted in heavier carcass
weights for steers fed R50 than those fed R30
(P<.05) or R40 (P<.12). Feed efficiency
during the finishing phase improved numeri-

cdly as concentration of Rumensin during the
prior growing phase increased, but these differ-
ences were not ggnificant (P>.40). Including
higher concentrations of Rumengan in limit-fed,
high-energy, growing dietsmay increase subse-
quent average daily gain and carcass weght in
the finishing period.

Table1l. Experimental Diets (% of Dry Matter)

Growing Diet
Ingredient R30 R40 R50 Hnishing
Steam-flaked corn 65.08 65.11 65.13 81.98
Alfdfahay 20.53 20.54 20.55 6.57
Soybean medl 5.35 5.32 5.28 2.73
Cane molasses 3.77 3.77 3.77 3.70
Tdlow 2.04 2.04 2.04 2.01
Urea 1.13 1.13 112 1.17
Limestone .95 .94 94 1.14
Sodium chloride .39 .39 .39 .28
Potassum chloride - - - .04
Ammonium sulfate 10 10 10 19
Cacium phosphate .58 57 57 A1
Vitamin/trace minerd premix* 10 10 A1 .08
Rumensin, grams/ton 30 40 50 30
Tylan, gramg/ton - - - 10
Crude protein, anadyzed 16.7 16.7 16.7 14.5

WVitamin/trace minera premix formulated to provide (tota diet dry maiter): 1,470 IU/Ib vitamin A,
.05 p.m. cobalt, 10 p.m. copper, .62 p.m. iodine, 60 p.m. manganese, .30 p.m. salenium, and 60

p.m. zinc.

Table2. PerformanceduringtheGrowingPhasefor CattleFed High ConcentrateDiets
Containing 30, 40, or 50 grams/ton Rumensin

Growing Diet
Item R30 R40 R50 SEM
No. of steers 56 52 56
Initid weight, Ib 576 578 571 84
Find weght, Ib 855 863 853 12.3
Dry matter intake, Ib/day 12.7 12.7 12.6 16
Averagedaly gain, Ib 2.74 2.79 2.76 .056
Gain:feed 217 220 220 .0036




Table3. Finishing Performanceand CarcassCharacteristicsFollowingaGrowing
Per iod duringWhich CattleWer eFed DietsContaining 30,40, or 50grams/ton

Rumensin
Previous Growing Diet

Item R30 R40 R50 SEM
No. of steers 55 52 52
Initid weight, Ib 853 862 859 12
Dry matter intake, |b/day 20.73P 20.3 21.5° .38
Average dally gain, Ib 3.14a 3.15% 3.38 .059
Gain:feed 152 155 .158 .0034
Hot carcass weight, Ib 758? 7622P 778° 6.8
Ribeye areq, in? 12.8 12.8 13.1 22
Fat thickness, in 44 45 46 021
Kidney, pelvic & heart fat, % 2.2 2.2 2.2 .053
Liver abscesses, % 2 n 2 3.8
Yidd grade 1, % 9 10 3 3.7
Yidd grade 2, % 34 37 35 5.2
Yield grade 3, % 532b 412 57° 5.4
Yidd grade 4 & 5, % 3 14¢ 5ed 4.3
Marbling score? Spe2 SIS S 6.0
USDA Choice, % 47 44 53 6.9
USDA Sdlect, % 47 53 45 6.0
USDA Standard, % 2 2 2 2.0
Dark cutters, % 4 1 - 2.0

abM eans within same row without a common superscript differ (P<.05).
¢dMeans within same row without a common superscript differ (P<.10).
eS=Slight.
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EFFECTSOF HIGH-GRAIN OR HIGH-ROUGHAGE
TRANSITION DIETSON FINISHING PERFORMANCE OF CATTLE
PREVIOUSLY FED HIGH-CONCENTRATE GROWING DIETS

S. P. Montgomery, J. S. Drouillard, J. J. Sindt,
T.B. Farran, H. J. LaBrune, R. D. Hunter,
J. J. Higgins', and T. A. Nutsch

Summary

Three hundred twenty-eight crossbred beef
steers previoudy fed high-concentrate growing
diets had ad libitum accessto one of two trans-
tiondietsprior to initiation of the finishing phase.
Trangtion diets conssted of 58% steam-flaked
corn and 30% dfafa hay or of 23% steam-
flaked corn and 65% dfdfa hay (DM basis).
Average daily gains, dry matter intakes, and
feed efficdenciesduringthetrangtion phase were
greater for steers fed the high-grain diet thanfor
steersfed the high-roughage diet (P<.01). This
resulted in heavier carcass weightsat the end of
the subsequent finishing phase for steersfed the
high-graintrangtiondiet (P<.05). Average daily
gains and feed efficenciesin the finishing phase
were not affected by the type of diet fed during
the trangition phase (P>.20).

(Key Words: TrandtionDiet, Grain, Roughage,
Finishing Catle)

Introduction

Previous research at Kansas State Univer-
Sty has demondtrated that cattle fed high-con-
centrate growingdietstypicaly exhibit lower dry
matter intakeswhen initidly provided ad libitum
access to finding diets. We speculated that
lower intakes after limit feeding may be due to
modifications of intake patterns during the limit-
fed growing phase. Such modifications may
conss of cattle becoming conditioned to con-
suming ther daily ration during one medl period
or smply areduced capacity to accommodate
large volumes of feed when it's available ad
libitum. This study was conducted to determine
the effects of roughage levds in trangition diets
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on subsequert intakes and performance of
finishing cattle previoudy fed high-concentrate
growing diets.

Experimental Procedures

Three hundred twenty-eight crossbred beef
steersaveraging 575 Ib wereused. Steerswere
fed high-concentrate growing diets at 1.8% of
body weight for 88 days. Then trangtion diets
(Table 1) of 58% steam-flaked corn and 30%
dfdfa hay (corn-based) or 23% steam-flaked
corn and 65% dfdfahay (afafa-based) were
offered once daily for 14 days, and steers fed
ad libitum At the end of the transition phase,
steers were stepped up to a common finishing
diet, fed for 101 days, and then daughtered.
Thefind finishing diet (Table 1) containing 82%
steam-flaked corn was offered once daily, and
steers fed ad libitum. All diets provided 30
grams per ton of Rumensin® and 10 grams per
ton of Tyla™®. Steers were weighed approxi-
matdy every 28 days throughout the 101-day
finishing period.

Results and Discussion

Steers fed corn-based trangtion diets had
greater dry matter intakes, gained more, and
were more efficient (P<.01) during the 14-day
trangtion phase than those fed dfafa-based
diets (Table 2). The increased weight gain of
steers fed the corn-based diet was maintained
throughout the 101-day finishing phase (Table
3) as suggested by the heavier



carcass weights (P<.05) of cattle fed the corn- The results of this study suggest that feeding
based diet during the transition phase. Cattle  high-grain trangtion diets to cattle previousy
fed the dfafa-based diet tended to have greater  fed high-concentrate growing dietswill increase
dry matter intakes (P<.10) during the finshing  average daily gainand feed efficiency during the
phase. Average daily gainsand feed efficiencies  trangtionperiod. Furthermore, theadvantagein
were not affected by trangtion diet (P>.20). weight gain will be maintained throughout the

finishing phese.

Table 1. Experimental Diets (% of Dry Matter)

Trangtion Phase Diet

Ingredient Corn-Based Alfafa-Based Hnishing
Steam flaked corn 57.97 22.77 81.98
Alfdfahay 29.96 65.19 6.57
Soybean medl 2.88 2.88 2.73
Cane molasses 3.89 3.88 3.70
Tdlow 2.10 2.10 2.01
Urea 1.24 1.23 1.17
Limestone 1.20 1.20 1.14
Sodium chloride .30 .30 .28
Potassum chloride .04 .04 .04
Ammonium sulfate .20 .20 19
Cacium phosphate A2 12 A1
Vitamin/trace minera premix* .10 .10 .08
Crude Protein, andyzed 17.8 21.4 14.5

WVitamin/trace minera premix formulated to provide (total diet dry matter): 1,200 IU/Ib vitamin A,
.10 ppm cobalt, 8 ppm copper, .52 ppm iodine, 50 ppm manganese, .25 ppm selenium, 50 ppm
zinc, 30 g/ton Rumensin®, and 10 g/ton Tylar®.

Table2. PerformanceduringtheTranstion Phasefor CattleFeedingad libitum on High-
Grain or High-Roughage Diets Following an 88-Day Limit-Feeding Period

Trandtion Phase Diet

Item Corn-Based Alfdfa-Based SEM?
No. of steers 177 151
Initid weaght, Ib 785 783 6.7
Find weight, Ib 873? 8425 6.9
Dry matter intake, [b/day 18.9° 18.2° 19
Average daily gain, Ib 6.29% 4.17° 12
Gan:fed 3322 .228° .0051
'Pooled standard error.

abM eans within same row with uncommon superscripts differ (P<.01).
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Table3. FinishingPerformanceand Car cassChar acteristicsof CattleFeedingad libitum
onHigh-Grainor High-RoughageDietsduringaTransition Period between

Limit Feeding and Finishing

Trangtion Phase Diet

Item Corn-Based Alfdfa-Based SEM?
No. of steers 173 148

Initid weaght, Ib 873 844° 6.7
Dry matter intake, |b/day 20.3° 20.7¢ .19
Averagedaly gan, Ib 3.19 3.20 .040
Gain:feed .158 154 .0017
Hot carcass weight, Ib 7740 756' 4.8
Ribeye areg, in? 131 12.8 A5
Fat thickness, in 45 43 .013
Kidney, pelvic & heart fat, % 2.2¢° 2.1 .036
Yidd grade 1, % 7 6 2.0
Yield grade 2, % 35 37 3.8
Yield grade 3, % 48 54 4.1
Yiddgrade4 & 5, % 9° 3 2.1
Marbling score? Spes S 4.9
USDA Choice, % 48 46 4.2
USDA Sdect, % 48 49 4.0
USDA Standard, % 1 3 10
Dark Cutters, % 3 3 1.3

'Pooled standard error.

abM eans within same row with uncommon superscripts differ (P<.01).
M eans within same row with uncommon superscripts differ (P<.10).
M eans within same row with uncommon superscripts differ (P<.05).

95=Sight.
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EFFECTSOF LATE-SUMMER PROTEIN
SUPPLEMENTATION ON STOCKER CATTLE
PERFORMANCE, FEEDLOT GAIN,
AND CARCASSTRAITS!?

T. T. Marston, D. O. Yauk?,
L. E. Wankel, and J. F. Gleghorn

Summary

A 2-year trid was conducted to study the
effects of feeding an Arsoy™-based, 32%
crude protein supplement to stocker cattle
grazing late-summer native pastures. During
about 90 days of late-summer/fadl grazing, the
steers dficently converted the Arsoy supple-
met (5.3:1, as fed bads) into sgnificantly
greater weight gains (55 Ib) rdaive to non
supplemented contemporaries. Both groups of
deers then were finished and daughtered in
commercid fadilities to determine if the supple-
mentation program had any carryover effects.
Late-summer supplementationdid not influence
steers feedlot gain or carcass traits including
ribeye area, fat thickness, and qudity grade.
However, average hot carcass weight and yied
grade of pasture-supplemented Steers were
ggnificantly greater than those of controls. Our
study demonstrates that Arsoy makesanexcd-
lent protein supplement for growing cattle on
maturing native grass pastures. In addition, the
added stocker gans did not influence feedlot
performance and had minimdl effectson carcass
traits.

(Key Words: Stocker Cattle, Protein, Supple-
mentation.)

Introduction

During late summer, the crude protein
content and energy digedtibility of native grass
declines, resulting in reduced performance of
stocker cattle in season-long grazing programs.
With the supplementation of about .5 to 1.0 1b

of crude protein per day, researchers have
reported dramatic increases of nearly 30% in
intake of low-quality forage and digestion im-
provementsof 5 to 10%. However, producers
are unaure if the added stocker performance
would influencesubsequent feedl ot performance
and(or) carcass traits. This experiment was
conducted to evauate the response of grazing
stocker cattle to late-summer protein
supplementation and to determine if carryover
effects on subsequent feedlot performance or
carcasstrats exist.

Experimental Procedures

A 2-year grazing trid was conducted using
149 crossbred steers (507 Ib initid weight) and
two ndive range pastures in Clark County,
Kansas. Steers were dlotted randomly to the
pastures, and treatments were assgned ran-
domly to the pasturesin year 1. To reduce the
effect of pastures, treatments were rotated
between pastures in the second year. Treat-
ments consisted of control (no protein supple-
ment) and Arsoy, asoybeanby-product protein
supplement  hand-fed a 3.2 Ib/head/day.
Supplementation began in mid to late July and
ended in October each year. Both groups had
access to afree-choice mineral supplement.

Steers were tagged, processed, weighed,
and transported to their pastures to commence
the trid each year. Supplements were group-
fed in bunks after dl animads were

*Appreciation is extended to ADM Protein Specialties Division, Decatur, IL, for support of this

study.
2Clark County Extension Office.



cdled to the feeding facilities to minimize differ-
encesin supplement consumption. At the end
of the grazing period each year, steers were
gathered, transported to a commercid feeding
fadlity, weighed, processed, and placed in a
angledrylot pen. Inthefeedlot, Seerswerefed
step-up and finishing diets until the average of
the pen was deemed ready for daughter. Fina
live daughter weight was caculated by dividing
hot carcass weight by the average dressing
percentage of the pen. Carcass data were
collected following a 24-hour chill.

Results and Discussion

Late-summer stocker gains were enhanced
54.6 |b per head by feeding the Arsoy supple-
ment (P<.01). Average daily gain improved
dramaticdly from year 1 to year 2 (1.92 vs.
2.65 Ib/day; P<.01). The difference between
years is probably a reflection of westher, pas-
ture conditions, and caitle type. Concurrently,
a greater Arsoy supplementation response
(P<.01) was recorded in year 2 (.76 |b/day)
thanyear 1 (.38 Ib/day). Theoverdl converson
of supplementa feed to

extra weight gain was caculated to  be about
5.3:1. These results indicate that the Arsoy
upplement isan attractive management tool for
stocker operators wishing to increase grazing
performance of growing cattle.

Steer feedlot gans were undfected by
previous pasture supplementation treatment
(P>.32). About 80% of the additiond gan
achieved through supplementation apparently
was retained through the feedlot. Feedlot gains
were greater for year 1 than year 2 (3.05 vs
2.45 |b/day; P<.01), which was inversely re-
lated to pasture gains. Because steers from
both treatments were fed in the same feedlot
pen, feed efficiency differencesduringthe finidh
ing phase could not be determined. Corre-
sponding to the heavier live weights, the Arsoy-
supplemented steers had greater hot carcass
weights and yield grades (P<.01). Marbling
score and percentage of carcasses grading
USDA Choiceor higher were not influenced by
summer supplementation (P>.59). Our data
indicate that |ate-summer supplementationdoes
not hinder feedlot performance and hasminimd
effects on carcass parameters.

Table 1. Effectsof Grazing Supplementation Program on Steer Performance

Item No Supplement Arsoy Supplement P-Vdue
No. steers 72 77
Sartingwt, Ib 503 511
Off-pasture wt, I1b 694 741
Saughter wt, Ib 1174 1214
Pasture Performance
Dally gain, Ib:
Year 1 1.72 211 .01
Year 2 2.28 3.04 .01
Overdl 2.00 2.58 .01
Supplement efficiency -- 531
Feedlot Performance
Dally gain, Ib:
Year 1 3.10 3.01 40
Year 2 2.47 244 .84
Ovedl 2.78 2.73 48

58



Table 2. Effectsof Late-Summer Stocker Supplementation on Carcass Trait

[tem No Supplement Arsoy Supplement P-Vdue
Hot carcasswi, Ib 734 761 01
Fat thickness, in. .35 .36 75
Ribeye area, g in. 13.8 141 .29
KPH, % 2.3 2.4 .26
USDA yidd grade 1.3 1.7 01
USDA marbling score Sight 76 Sight 81 .59
% USDA Choice or better 33 35 92
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RELATIONSHIP OF PLASMA GLUCOSE TO
PERFORMANCE AND CARCASSTRAITS
IN FINISHING CATTLE

H. J. LaBrune, J. S. Drouillard, D. J. Bindel,
C. C. Coetzer, C. A. Loest,
R. D. Hunter, and J. J. Higgins?

Summary

Blood glucoseleves of finishing catle were
measured between 3 and 30 days prior to
daughter and compared to performance and
carcass traits. In trid 1, blood samples were
obtained from 318 hefers at 2 hours post-
feeding at 30 days before daughter. Plasma
glucoselevdswere correlated postively withfat
thickness (P<.01) and kidney, pelvic, and heart
fa (P<.02). Trid 2 utilized 72 steers from
which blood was collected at 15 hours post-
feeding a 3 days before daughter. Blood
glucose was correlated pogtively with average
daly gain (P<.01); dry matter intake (P<.01);
hot carcass weight (P<.01); ribeye area
(P<.01); fat thickness (P<.06); and kidney,
pelvic, and heart fat (P<.01). A third trid was
conducted with 77 individudly fed steers to
determine if blood glucose leves could beused
to predict finshing performance and carcass
traits. Contrary to trids 1 and 2, plasma glu-
cose did not reflect performance or carcass
traits except marbling score (P<.03).

(Key Words. Glucose, Finishing Catle.)
Introduction

We have postul ated that digestive disorders
or decreased performance in catle may be
related to poor regulaion of blood glucose.
These studies were conducted in an effort to
define relationships between glucose levels,
performance, and carcass traits of finishing
cattle.

Department of Statistics.
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Experimental Procedures

Experiment 1 utilized 318 heifersina 120-
day finishing trid. Heiferswere dlotted to pens
of 11 to 12 animals each and were fed finishing
diets containing different levels of fatand choline
once daly a 8:00 am. On day 90, blood was
collected via the jugular vein at 2 hours after
feeding.

In Experiment 2, 72 steers werefed differ-
ent sources and levels of protein in the diet for
107 days. Steers were dlotted to individual
pens and fed once daily a 3:00 p.m. Blood
was collected a 20 hours after feeding 3 days
prior to daughter.

In Experiment 3, 77 Angus x Hereford
crossbred beef steers(825 1b) were fed finishing
diets containing various leves of talow for 93
days. Steers were fed once dally at 3:00 p.m.
On day 84, steers were weighed individualy,
and blood was collected 16 hoursafter feeding.

For al experiments, plasma glucose vaues
werelinearly regressed againg performanceand
carcass traits to obtain correlation coefficients.
The correlation coefficient explains the amount
of variationin performance or carcasstraits that
isexplained by differencesinglucoseconcentra-
tion.

Results and Discussion

Table 1 summarizes data from Experiment
1. Plasma glucose vaues (postfeeding)



ranged from 62 to 279 mg/dl and averaged 110
mg/d. Significant relaionships occurred be-
tween plasma glucose and fat thickness and
kidney-heart-pelvic fat. Hot carcass weight,
ribeye area, and marblingscore were not Sgnifi-
cantly related to plasma glucose.

Table 1. Coefficients of Correlation (R)
Between Plasma Glucose and Carcass
Traits in Finishing Heifers Fed Different
Levels of Fat and Choline (Experiment 1)

Item R P-Vaue?
Hot carcass weight .04 .50
Ribeye area .00 .98
Fat thickness .20 <.01
Kidney, pelvic,

and heart fat 14 .02
Marbling score A2 .06
% USDA Choice .04 .50

%P-value <.05 indicates a significant linear rela-
tionship between the variable and plasma glucose
concentration.

Corrdations of performance and carcass
traits to plasma glucose of finishing steers that
were fed different sources and levels of protein
are shown in Table 2 (Experiment 2). Fasting
plasma glucose values ranged from 38 to 104
mg/dl and averaged 67 mg/dl. Average daily
gain, feed efficiency, and intake for the finishing
period were sgnificantly related to blood glu-
cose. Carcass traits such as carcass weight,
ribeye area, fat thickness, and kidney-heart-
pavic fa dso wererelated Sgnificantly to blood
glucose. These data led us to bdieve that
plasma glucose concentration could be used as
apredictor of performance and carcass traits.

In Expeiment 3, fasting blood glucose
levels ranged from 66 to 115 mg/dl and aver-
aged 91 mg/d. Marbling score was related
negatively to plasma glucoselevds (P<.03), but
none of the other performance traits or carcass
characteristicswererdlated. Thisis contraryto
our observations fromExperiments 1 and 2 and
may have been due
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to factors that influence glucose metabolism,
such as hedith of the individud, feed consump-
tion patterns, or other nutritional factors that
need to be studied further.

Table 2. Coefficients of Correlation (R)
among Plasma Glucose and Performance
and Carcass Taits in Finishing Steers Fed
Different Sources and Levels of Protein
(Experiment 2)

Item R P-Vaue®
Average daily gain 41 <.01
Gain:feed .29 .02
Dry matter intake .38 <.01
Hot carcass weight .53 <.01
Ribeye area .36 <.01
Fat thickness 22 .06
Kidney, pelvic,

and heart fat .36 <.01
Marbling score A5 22
% USDA Choice .16 19

%P-value <.05 indicates a sgnificant linear rela-
tionship between the varigble and plasma glucose
concentration.

Table 3. Coefficients of Correlation (R)
among Plasma Glucose and Performance
and Carcass Traits in Finishing Steers

(Experiment 3)

Item R P-Vaue®
Average daly gain A4 21
Gain:feed .20 .08
Dry matter intake .02 .89
Hot carcass weight .03 .82
Ribeye area .04 74
Kidney, pelvic,

and heart fat .05 .69
Marbling score -.09 .03
% USDA Choice .03 .78

#P-value <.05 indicates a significant linear rela-
tionship between the variable and plasma glucose
concentration.
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REFRACTIVE INDEX: A RAPID METHOD
FOR DETERMINATION OF STARCH
AVAILABILITY IN GRAINS

J. J. Sindt, J. S. Drouillard,
S. P. Montgomery, and T. B. Farran

Summary

Steam-flaked corn samples were used in a
series of experimentsto determine if refractive
index could be used as a rapid, inexpensve
method to predict starch availability. Results
were best when sampleswereincubated for 15
min with 500 to 600 active units of enzyme/gm
of gran prior to measuring on a hand-held
refractometer. Correaionsto sarch availability
determined from gas production by a commer-
cid labwere R=.64 for whole flakesand R=.79
when samples were ground.  Samples of corn
flaked to different dengties produced estimates
of solubility Smilar to aninstudry matter disap-
pearance assay (R? = .84, P < .01). Further-
more, refractive index yielded estimates of
starch solubility that were wdl related to a
commercid lab's measures of glucose release
for samples of flaked corn that were stored for
0 to 48 hours subsequent to flaking.

(Key Words: Starch Availahility, Steam-Flaked
Corn, Refractive Index.)

Introduction

When grain is steam flaked, the starch
marix is disrupted and ultimatdy gdatinized,
increasng its susceptibility to degradation by
digedtive enzymes and improving energy vaue.
Current starch avallability methods take too
much time to be useful for making mill adjugt-
ments. Our objective was to develop arapid,
reliable, inexpensive procedure that could be
used by mill operators to assess quaity of
flaked grains. If successful, the method could
be used to determine the effects of milling and
gran storage procedures on gelatinization and
(or) extent of retrogradation of grains.
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Experimental Procedures

Experiment 1—Effect of Amyloglucosdase
Concentration

A dose titration was performed to deter-
mine optimum concentration of amyloglu-
cosidase requiredfor messuringstarchavailabil-
ity. Steam-flaked corn (26 1b/bu) was prepared
usnganl18-in x 24-in Ferrel-Ross flaker equip-
ped witha 96-cubic ft steam cabinet. Grainwas
conditioned for gpproximately 45 min before
being flaked. Samples were collected, packed
in dry ice, trandferred to the laboratory, and
frozen. Grain was ground to pass through a 1-
mmscreen. Samplesthenwere divided into 10-
om subsamples that were placed into Erlen
meyer flasks. Buffered-enzyme solutions (40
m) containingamyloglucosidase (A 3407, Sigma
Chemica Company; 6,100 enzyme unitsper m)
were added at levds of 30, 60, 153, 305, or
610 active enzyme unitsgm of grain.  Samples
were incubated for 15 min in a 130° F water
bath and filtered through Whatman 541 filter
paper. Severd dropsof thefiltrate were placed
on the prism of a hand-held refractometer, and
the percentage of solublesin each sample was
read from aBrix scde.

Experiment 2—Effectsof EnzymeConcen-
trationsand Incubation Time

Samples from Exp.1 were used to further
evauate different enzyme concentrations and
incubation times. Ground subsamples were
incubated at 130°F for 10, 15, 20, or 30 minin
40 m of buffered amyloglucosdase enzyme
solution containing 153, 305, 610, or 1220
active enzyme units'gm of grain. Per



cent solubles was determined for each filtrate
with a hand-hdld refractometer.

Experiment 3—Refractivel ndexvs. Other
Methods of Estimating Starch Availability

A sries of grain samples was submitted to
acommercid |aboratory to obtain measures of
in vitro gas production, total starch, and starch
avalability (by glucose release). Correlations
were used to compare these procedures to the
enzyme/refractive index method for bothground
and whole-flaked grain samples.

Experiment 4—Refractivel ndexvs.in Stu
Ruminal Disappearance of Grains
Cornwas conditioned for gpproximately 45
min and then flaked to dengties of 20, 22, 23,
24, 25, 26, 27, 28, 29, 30, and 31 Ib
bu. After collection, samples were frozen
immediatdy inliquid nitrogen, transferred to the
laboratory, and incubated with buffered enzyme
(610 active unitslgm of grain) for 15 minutes at
130°F. Rumind dry matter
disappearance was measured by placing sub-
samples of each flake density in Dacron bags
and suspending them in the rumen for 8 hrs.
Sampleswere removed fromthe rumen, rinsed,
dried, and weighed to determine in Stu dry
matter disappearance.

Experiment 5—Solubilityby Refractive
Indexvs. StarchAvailabilityby Glucose
Release

Approximetely 6 tons of corn were steam
conditioned for 45 min, flaked to adensity of 26
Ib/bu, and conveyed onto a concrete dab for
storage for a period up to 48 hrs. Samples of
grainwere placed in permegble nylon bags and
positioned in the flake pile. Theinterior of the
pile mantaned a temperature of 120°F or
greater throughout the 48-hr storage period.
Sample bags were removed from the core of
thepileat 1, 2, 3, 4,5,6,9, 12, 15, 18, 21, 24,
30, 36, 42, and 48 hrsafter flaking and immedi-
ady placed into a freezer. Unground flake
sampleswereincubated inenzyme solutionasin
Experiment 4. Percent availablestarch alsowas
messured by a glucose release method.

Results and Discussion

Experiments 1 and 2 indicated that optimal
resultswere achieved when enzyme was added
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at gpproximately 600 units per gm of grain
(Figure 1). An incubation time of 15 min was
adequate to produce concentrations of solubles
that could be measured easly on a low-range
refractometer (Figure 2). Correations among
various methods of estimating starchavailability
are shown in Table 1. Corrdations between
gas production and glucose release were very
high. However, comparison of the refractive
index method to the gas production technique
gave a lower correlation of R=.64. Proteins
and other solubles likely are measured in the
refractive index procedure, whereas other
procedures are more pecific to carbohydrates.
Grinding the flakes through a 1-mm screen
improved the correlation with gas production.
Flake densty was correlated negatively to
starch avallability. In Exp. 4, the refractive
index method yielded resultssmilar to anin Stu
procedure for corn of different flake dengties
(Figure 3). The proportion of grain that was
digested in Stu decreased with increasing flake
dengty. Exp. 5 examined length of storage vs.
starchavallability. The refractive index method
followed a trend amilar to the gas production
procedure in delermining starch availability
(Figure 4). Avaldde starch decreased in the
early hours of storage and waslowest at 12-30
hours. From 30 to 48 hours, starch availability
increased as measured by both procedures, but
to a greater degree for the gas production
procedure.

Applications

Edimating starch availability in grans by
enzymatic starch hydrolyses'refractive index is
inexpensive and rapid. We suggest thet grain
samples be incubated for 15 min usng 500 to
600 enzyme unitsgm of grain. After filtration,
the resulting solubles can be measured easily
usng a smple hand-held refractometer under
direct lighting. Starch avalability can be as-
sessed without further processing of flaked grain
and requires aslittle as 15 to 20 min.



Various Methods! (Exp. 3)

Gas Glucose  Refractive Refractive Flake
whem Production Release Index, w! [Index, g? Density
Gas production 1.0 97 64 79 -6
Glucose release 1.0 50 A0 -65
Refractive index, w? 1.0 .75 =72
Refractive index, g* 1.0 - T6
Flake density 1.0

IP<.01 for all correlations.
IMeasured using whole Makes.

IMeasured after grinding Makes through a 1-mm screen.
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Figure 1. Effect of Enzyme Concentration
on Solubles in Steam-Flaked Corn Incu-
bated for 15 Min, as Measured by Refrae-
tive Index (Exp. 1).
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Figure 3. Flake Density Effects on Percent
in Situ Dry Matter Disappearance and
Percent Solubles Measured by Refractive
Index (Exp. 4).
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Figure 2. Effects of Incubation Time and
Enzyme Concentration on Steam-Flaked
Corn Solubility as Measured by Refractive
Index (Exp. 2).
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Figure 4. Comparison of Starch Availabil-
ity Measured by Glucose Release and Solu-
bility as Measured by Refractive Index for
Steam-Flaked Corn Piled and Stored for
Various Lengths of Time (Exp. 5).
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DRYLOT RECEIVING PROGRAM VS PASTURE
CONDITIONING WITH MICOTIL®METAPHYLAXIS
FOR GRAZING STOCKER CALVES

S. 1. Paisey?, T. R. Falkner,
F. K. Brazle?, and G. L. Stokka

Summary

Three stocker cettle fidd studies were
conducted comparing atraditional 4- to 5-week
drylot receiving program with injectable antibi-
otics administered on a pull-and-treat basis
versus a pasture-based conditioning program
using an initid metaphylaxis with Micotil® fol-
lowed by immediatdy placing ceattle on grass.
Although daly gans were smilar (P=.80) for
bothrecavingprograms during the first 28 days,
pasture conditioning reduced the number of
cattle treated and increased (P<.01) daily gans
during the subsequent grazing phase.

(Key Words: Stockers,
Metaphylaxis, Micotil®)

Receiving,

Introduction

Many forage-based stocker programs dill
utilizeaninitid 21- to45-day drylot conditioning
period to “sraighten out” recently purchased
and(or) commingled cattle. Confining caitle to
a gndler area makes it easier to identify and
treat Sck animas. However, drylot programs
mayincrease stress as calvesareforced to cope
with dusty or muddy pens, while adjugting to
feedbunks, waterers, and new feeds. Addition-
dly, the higher dengity likely fadilitates the trans-
misson of disease-causng organisms from
anima to animal. Pastureconditioning programs
have the potential to reduce stress, because
catle remain on a forage diet and are able to
spread out, possibly reducing disease

trangmisson. This study was conducted to
compare two management drategies used in
pasture-based stocker programs. traditiond
drylot recalving programs versus a pasture-
based conditioning programthat included meta-
phylaxis. Stocker morbidity and performance
were measured during the receiving phase and

subsequent grazing.
Experimental Procedures

Fve hundred ninety three steers across
three locations were assigned randomly to one
of two trestments: 1) traditiona drylot condi-
tioning for 28 to 35 days (DRYLQOT) or 2)
pasture conditioning after a maximum of 48
hoursin drylot (PASTURE). Basic processing
on ariva was identicd for dl cattle, and in
addition, PASTURE cattle received a
metaphylactic dose (1.5 ml/cwt) of tilmicogn
phospate (Micotil). Respiratory disease treat-
ment protocol for both DRYLOT and PAS
TURE caitle was Micatil, followed by Nuflor.
Cattle on the DRYLOT trestment recelved a
conditioning ration free choice during the initid
30-day period. Management of ASTURE
cettle depended on the type of forage grazed.
Following theinitid 30-day conditioning period,
catle were combined into asmilar pasture for
the remainder of the grazing period.

Site 1. (Chanute, KS). One hundred ninety
aght hefers (initid wt 500 Ib) origineting from
Missouri were received intwo groupsof 67 and
129 head. Each group was plit, s0 99 werein
DRYLOT and 97in

1South Central Area Extension Office, Hutchinson.
2Southeast Area Extension Office, Chanute.
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PASTURE. Initid weights were recorded on
December 2 and 8, 1998. Conditioning period
weights were recorded on January 6, resulting
in 29- and 35-day conditioning periods. Fol-
lowing the conditioning period, al heifersgrazed
fescue pastures with some additional dormant
winter grass throughout the trid. The fescue
was twice covered with ice during the receiving
period. Heifersfrom both groupswere stressed
further by stray dogs during the receiving pe-
riod. Find weightstaken on April 19, 1999.

Site 2. (Emporia, KS). One hundred ninety
nine steers (initid wt 488 Ib) originating from
Missouri were divided equaly into two groups.
Initial weightswere takenon November 10 and
17, 1998. Conditioning period weights were
recorded on December 8 and 17, respectively.
Norma recelving management consisted of
measuring rectal temperature twice, on day 1
and between days 4 and 6. On both days,
steersreceived Micatil if rectal temperaturewas
$103°F. Morbidity percentages depicted in
Table 1 include those animals that were treated
because of high recta temperature. Steers
grazed dormant native grass withminima cool-
season forages. Final weights were recorded
on May 25, 1999.

Site 3. (Kingmen, KS). One hundred
ninety eight steers (initid wt 469 Ib) originating
from Southeast Colorado were either placed in
drylot or immediaidy hauled to an irrigated
winter wheat pasture. Initid weights were
recorded onNovember 17, 1998 and fallowing
the conditioning phase on December 15. After
the second weighing, dl steersgrazed the same
irrigated whest
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pasture for 70 days, and find weights were
taken February 23, 1999.

Effects of conditioning-period management
on performance were analyzed using site x
trestment asthe error term. Morbidity data are
presented by site and whole trid averages but
werenot andyzed because of different manage-
ment protocols across Sites.

Results and Discussion

Daly gains during the conditioning phase
were dmilar (P=.80) for both treatments, a-
though the rdative differences varied from ste
to gte. Cattle grazing dormant forage gained
less weight during the conditioning phase than
catle in drylot; however, steers grazing winter
wheat outgained their drylot counterparts.
Morbidity was dramaticaly lower for AS
TURE cattle at dl three fidld study Sites, despite
different recaiving management. Themagnitude
of the decrease was consderably greater than
reported in previous trids.  Additiondly, the
number of catle treated a second time was
lower for FASTURE cattle. These reaults
suggest that the benefits of pasture-based con-
ditioning programs and the use of metgphylaxis
may be additive.

Subsequent grazing performance was
greater (P<.01) for PASTURE cattle. How-
ever, this difference may reflect either differ-
encesinfill between DRYLOT and PASTURE
catle a the end of the conditioning phaseor a
necessary adaptation back to a forage-based
diet for DRYLOT cattle.



Tablel. Effectsof ReceivingManagementonlnitial Performance, Morbidity, and
Subsequent Grazing Performance of Calveson For age-Based Stocker

Programs
“Item  DRYLOT  PASTURE  P-vdue
Stel. Chanute, KS
Number 99 97
Conditioning daily gain, Ib/day .68 .60
Morbidity, % 71 27
Retreats, %* 38 12
Subsequent daily gain, Ib/day A7 .30
Site2. Emporia, KS
Number 100 99
Conditioning daily gain, Ib/day 2.38 1.45
Morbidity; %° 90 6
Retreats, % 8 0
Subsequent daily gain, Ib/day .64 T7
Ste 3. Kingman, KS
Number 99 99
Conditioning daily gain, Ib/day 1.60 2.22
Morbidity, % 37 4
Retreats, % 35 0
Subsequent daily gain, Ib/day 1.66 1.84
Three-ste average
Number 298 295
Conditioning daily gain, Ib/day 142 1.55 .80
Morbidity, % 60 10
Retreats, % 27 5
Subsequent daily gain, Ib/day .82 .97 .01

*Expressed as a percent of cattle treated previoudy.
®Morbidity value for DRY LOT includes all steers treated based on temperatures > 103°F.
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EFFECTSOF FLORFENICOL METAPHYLAXISIN
REDUCING MORBIDITY AND ASSOCIATED
PERFORMANCE LOSSESIN STRESSED BEEF CALVES

G. L. Huck?, G. L. Stokka,
T. T. Marston, and T. R. Falkner

Summary

In February, 1998, 191 crossbred steers
(885 Ib) were used in a 28-day feeding trid to
evauate the effects of florfenicol (Nuflor®) on
morbidity of newly weaned, lightweight caitle.
No dinicd sgns of illness were observed in
either the medicated or control group. No
datidicdly sgnificant differencesin daly gain,
feed intake, or feed efficiency were observed
between treated and nontrested cattle.

(Keywords. Nuflor®, Metaphylaxis, Intake,
Morbidity, Receiving.)

Introduction

Sgnificant trangportation stress occurs in
most feeder caitle prior to arrival at back-
grounding and feedlot fadlities Usudly, these
dress factors combine to ensurean overgrowth
of Pasteurella haemolytica, depression of
sysemic immunity and lung protective mecha:
nisms, and aerosolization of bacteria into the
lungs. Nuflor® has proven to be a vauable
antibiotic for use in the trestment of broncho-
pneumonia caused by P. haemolytica and
other organisms in controlled research environ-
ments, dinicd trids, and field studies. Meta
phylaxis involves tregting dl animds with an
antibiotic prior to an anticipated disease out-
break. Preiminary evauations of Nuflor have
been promisng; results showed ggnificant
reductions inmorbidity and mortdity. Theintent
of this study was to further evaluate the utility of
Nuflor metaphylaxis in stressed beef calves.

Experimental Procedures

Over a 5-day period, 220 steers were
purchased from sde barns in Dodge City and
Syracuse, KS, and Burlington, CO, and re-
caved into a weaning facility in Southwest
Kansas. Cattle had ad libitum access to long-
stemmed grass hay uponarriva and during their
stay at the recaiving fadility. Vaccinationhistory
prior to purchase was not known. After dl
cattle had been purchased, they were trans-
ported to the Southwest Kansas Research-
Extenson Center, Garden City, KS. Cattle
were vaccinated (Nasalgen®; loc/nogtril);
treated for parasites (Totalor®; 2.5¢¢/100 lb);
individualy tagged; and wel ghedwithin24 hours
of ariva. One hundred ninety two steers were
selected for the trid. The 14 lightest and 14
heaviest were eiminated. On day 2, cattle
designated for the trid were reweighed and
gther treated with a metaphylactic dose of
florfenicol (Nuflor, 6¢cc/100 Ib) or Ieft untreated,
then dlotted to their respective pens (22 pens,
8 or 9 head per pen, 11 pens per treatment).
The 28-day trial began on February 8 and
ended on March 7, 1999. Cattle werefed one
701b bae of prarie hay per pen on thefirst 3
days, 1/2 bae per penondays4 and 5, and 1/3
bale per pen on days 6 through 8. Approxi-
meately 8 b of a60% cornsilage-based growing
diet was fed prior to hay on days 3 and 4, and
12 |b was fed on days 5 through 7; then caitle
were stepped up to full feed (60% corn slage,
34% dry rolled corn, 3% soybean med, 3%
minerd supplement) on day 8. Cattle were fed
once a day, and bunks were managed so that
the entire bunk was empty at

Southwest Area Extension Office, Garden City.
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least once out of every 3 days. One feed cdl
per pen was made each morning.

All animals were observed dally, and indi-
vidud trestment records were maintained. One
steer died from a joint infection (confirmed by
postmortem) 2 days before the trid was com-
pleted. Feed intakeswere adjusted for that pen
by subtracting the average intake of a single
animd from the total amount of feed fed to that
pen prior to the animd’ s degth.

Reported final weight is the average of two
scde weights multiplied by .97 (3% pencil
ghrink). Dally gain and feed effi-

ciency were based on initid unshrunk and find
shrunk weights.

Results and Discussion

None of the catle in this study showed
dinica sgns of illnessduring the 28-day experi-
ment, so no conclusons could be made with
regard to morbidity reduction. Performance
data are shown in Table 1. No dgnificant
differencesin daily gain or feed efficiency were
observed (P<.05). Cattle receiving Nuflor
consumed 2.9% more feed than controls, but
the difference was not datisticdly sgnificant
(P=.14).

Tablel. GrowthPerformanceDataof WeanedUntreated Steersor Steer sReceiving

Nuflor® upon Arrival

Item Control Treated SE
Pens per treatment 1 11

Head per treatment 95 96

Initid wt., Ib 442.8 441.7 4.69
Find wt., Ib 520.8 520.4 5.48
Daily gain, Ib 2.79 2.81 .10
Dry matter intake, Ib/d 10.1 104 A5
Feed/gain 4.65 4.72 23
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EFFECTSOF A CLOSTRIDIAL BACTERIN-TOXOID ADMINISTERED
SUBCUTANEOUSLY AT THE BASE OF THE EAR ON STOCKER
HEIFER PERFORMANCE, TESTOSTERONE SERUM
CONCENTRATIONS, AND INFRARED THERMAL
CHARACTERISTICSOF THE INJECTION SITE
AND ADJACENT TISSUES!?

D. A. Blasi, J. M. Sargeant?, M. F. Spire?,

S. 1. Paisley?, and J. E. Minton

Summary

A 129-day field study was conducted to
evauae the effects of a clodridid bacterin-
toxoid administered subcutaneoudy at the base
of the ear on heifer caf performance, surface-
ear temperature, and testosterone concentra-
tion. Two hundred previoudy non-implanted
heifersaveraging 372 Ib were assigned to one of
four treatments. 1) Alpha7 (clogtridia toxoid)
in left neck, Synovex-H in left ear (NL); 2)
Alpha7 in left neck, Synovex-H in right ear
(NR); 3) Alpha7 in right ear, Synovex-H in
opposite ear (OP); and 4) Alpha-7 in right ear,
Synovex-H in same ear (SM). On day 7, the
right ear of each hafer was thermographically
imaged. Ontrid days 7, 28, 59, and 87, jugular
blood samples were collected to determine if
placement of the clogtridid vaccine reduced
serum concentration of testosterone. Although
vaccinding in the base of the ear increased
(P<.01) ear temperature, daly gansthrough 59
days were smilar (P$.44) for heifersinjected in
the neck (NL + NR) vs those injected in the
base of the ear (SM + OP). Additionadlly, ear
temperature and animd performance were
smilar (P$.11) for OP and SM placements of
vaccine and implant. Testosterone concentra-
tions were smilar (P>.84) for heifersimplanted
inthe right ear and vaccinated in the same Sde
ear or neck.

(Key Words: Infrared, Injection Site, Growth
Implant, Heifers))

Introduction

Over the past 6 years, the beef industry has
encouraged the use of dterndive injection Stes
to reduce intramuscular injection-site blemishes
and has discouraged the development of prod-
ucts whose labd requires intramuscular injec-
tion. In response to this issue, two dostridia
vaccines, Alpha7® and Alpha-CD®, have
received FDA approva for subcutaneous
adminidration in the base of the ear. Although
favorable immune responses are achieved with
an ear injection, placing an implant in the same
ear might dter the release characterigtics. The
middle third of the ear is the only approved Site
for placement of growth-promotant implants.

Identification tags and other biologica
products targeted for placement at the base of
the ear dso might have to be placed in the
same ear as growth implants.  Sustained ab-
sorption of the active ingredients from the sur-
face of the implants is required, if they are to
improve carcass gain and feed efficiency. Loca-
ized tissue reactions following vaccination or
antimicrobia usage might dter blood and lymph
drainage from the implant site.

Experimental Procedures

Two hundred forty eight heifers averaging
372 Ibs were received from Missssppi in two
truckloads. Upon arivd, dl hefers were
weighed individudly, evauated for abnormali-
ties, and tagged in the left ear.

Sincere appreciation is expressed to Great Plains Cattle, Pratt, Kansas for providing cattle,
facilities, and assistance and to Boehringer Ingelheim Animal Health for financial support.

2Food Animal Headlth and Management Center, KSU College of Veterinary Medicine.

3South Central Area Extension Office, Hutchinson.



Forty eght heiferswere removed fromthe study
because of horns, abnormdities, and extreme
weights. The remaining heifers were dlotted by
weight within truck load on the basis of unifor-
mity, breed type, frame sze, body condition,
and hedth to one of the fallowing four treat-
ments. 1) Alpha7 (clodridia toxoid) in left
neck, Synovex-H in left ear (NL, N = 33); 2)
Alpha-7 in left neck, Synovex-H in right ear
(NR, N = 33); 3) Alpha7 in right ear,
Synovex-H in opposite ear (OP, N = 67), and,
4) Alpha-7 in right ear, Synovex-H in same ear
(SM, N = 67).

On the following day, each heifer received
a Fusion-4® (killed/modified live IBR, BVD,
PI3 and BRSV) and Bar Somnus + 2P bact-
erinvaccination, avitamin ADE injection, and a
mass medication with Micotil® (as per labd);
waswormed with Cydectin®; and wasweighed
and branded. All heifers were vaccinated and
implanted according to trestment assgnment on
day 0. On day 7, dl heifers were weighed
individudly and the back of the right ear was
thermographicaly imaged. Each ear wasexam-
ined phydcaly to assess the presence of im-
plantsand any anatomicd aterationat the ste of
implantationand/or vaccination. Then a second
matching identification tag was placed in the
right ear. All heifers were weighed individualy
on days 28, 56, 87, and 129 of the trial. On
days 7, 28, 59, and 87, blood samples were
obtained (left jugular vein) for testosterone
andyss.

A one-way analysis of variance was used
initidly to modd the effects of treatment on ear
temperature, interim-weght, and daily-gain
variables. Orthogonal contrasts were used to
makedirect comparisons of surfacetemperature
and anima performance be-
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tween the different combinations of implant and
vaccine gtes. This method was used to test: 1)
the null hypothess of no difference between
neck (NL and NR) and ear (OP and SM)
vaccination, 2) vaccination in the neck and
implant inright vs left ear (NL vs. NR), and 3)
vaccination in the right ear and implant in the
right vs. left ear (OP vs. SM).

Results and Discussion

Hefers injected in the ear had higher ear
temperatures. No differences (P>.44) with
regard to vaccination placement (neck vs. ear)
occurred in weight gain from 0 t0 28, 29 to 59,
and 0 to 59 days. However, over the entire
129-day period, hefers injected in the neck
gained fagter (P=.02). Although ear tempera-
tureswere amilar (P=.28) between the NL and
N Rtrestments, weight gain wasgreater (P<.04)
for cdvesimplanted in theright ear (NR) over
dl wegh periods. With vaccination in the ear,
ear temperature and growth performance were
gmilar (P>.11) for cavesimplantedin ether the
left or right ear. We have no explanation for the
significant gain response for the NR treatment
relative to the other three trestments.

All blood samples came from the left jugu-
lar. Fgure 1 shows that a dl sampling times,
serum testosterone was higher for heifers with
the left ear implant (NL and OP vs NR and
SM). The dmilar testosterone concentrations
observed between treatments NR and SM
suggest that serumtestosterone was not affected
by vaccination with Alpha-7 in the same ear as
the growth implant. Serum testosterone vaues
peaked at 28 days post-implantation. Implant-
ingand vaccinging in the same ear did not alter
performancewhen compared to implanting and
vaccinating in opposite ears.



Table1l. Effect of Clostridium Bacterin-Toxoid Administered Subcutaneously at the Base
of the Ear on Calf Performance and Infrared Ther mal Characteristics of the Ear

Treatments Contrasts
Neck vs Ear Neck vacc site(L)  Ear vacc site (R)
vacc RvsL earimplant RvsL ear implant
Item NL NR OP M S (NL+NR) (NL vsNR) (OP vs SM)
vs (OP+SM)
Ear temp. °C 286 291 294 298 024 <.01 .28 .16
Wt gain 0-29 d 28 36 30 31 2.2 44 .04 46
Wt gain 29-59 50 61 52 57 29 .84 .03 .16
d
Wt gain0-59d 78 97 82 89 3.7 49 <.01 A1
ADG, 129-d 1.63 1.87 1.64 166 0.04 .02 <.01 .64
800 ~
600
Serum
Testosterone 400
(pg/ml)
200
0 T l —| T T T
7 28 59 87

Day of Sampling

ONL mNR OOP OSM

Figurel. TestosteroneL evelsinHeifersfrom Serum Collected ontheSameSide(NL
andOP)or Opposite Side (NR and SM) from the Ear Bearing aGrowth
Implant.
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EFFECTSOF SICKNESSON WEIGHT GAIN AND
RADIANT ENERGY LOSSIN RECENTLY
RECEIVED FEEDER CATTLE!

M. F. Spire?, J. S. Drouillard, and J. M. Sargeant?

Summary

Sickness from undifferentiated respiratory
disease in recently received feeder cattle re-
duced weight gain and dtered radiant energy
loss. Over a 35-day receiving period, weight
gains were reduced 26.3% if an animal was
diagnosed assick onceand 48.1% if diagnosed
sick more thanonce. Thermd profilesobtained
10 or more days fallowing dinicd illness were
cooler than profiles of animas never diagnosed
asheingsick. Our datasuggest that respiratory
diseasedters metabalic activity as evidenced by
reduced weight gain and a detectable decrease
in radiant energy loss from the body surface.

(KeyWords: Infrared Thermography, Sickness,
Feedlot Performance.)

Introduction

Respiratory disease is the most costly
disease of feeder cettle and remains a mgor,
ongoing concern for hedlth care providers and
feedlot operators. Desath loss from respiratory
disease was estimated to have cost the cattle
industry nearly $500 millionin 1996. Respira-
tory disease creates additiona economic losses
because of drug and vaccine costs, increased
labor costs, poor feed efficiency, delayed anima
marketing, poor weight gain, and decreased
carcass grade. Marked physiologica events
associated with disease, adaptation to rations,
and acute and chronic stressesoccur during the
early feed-

lot phase. These events can modify heat loss
from the body surface. Scanning the animals
with an infrared camera can monitor those
changes in body surface temperature. This
project was undertaken to evauate the effects
of acute respiratory disease shortly after arrival
on anima performance and radiant energy loss
after 33-35 daysin afeedlot.

Experimental Procedures

A tota of 224 British crossbred heifers
(average weight 525 |b) was evduated over a
35-day period for evidence of undifferentiated
bovine-respiratory disease. Within 24 hours
after arivd, eachanimd wastreatedfor interna
and externd parasites; vaccinated againgt com-
mon vird and clogtridid diseases; and received
asubcutaneous injectionof tilmicosin (Micotil®,
Elanco Animal Hedth) a a dosage of 1.5
mi/100 Ib body weight. During processing, the
animas were sorted into groups of six head
each. Cattle were fed a 60% concentrate diet
during a 35-day receiving period. Seven days
following arrivdl, the cattle were reweighed and
re-vaccinated withamodified live vird product.

Oncedaily, ondays 33-35 falowing arivd,
catle were theemdly imaged usng a short-
wavelength, infrared radiometer. Based on
therma images, each animal were assigned a
thermal score of 1 (coldest) to 4 (hottest). The
3-day average of assgned therma scores was
used asthe thermal profile for eech animdl.

The authors express their sincere appreciation to Steven Hogge, Food Anima Health and
Management Center, for al his efforts in support of this project.
2Food Anima Health and Management Center, College of Veterinary Medicine.



Cattle were evauated daly for clinical
illness. Animds were assgned a dinicd score
ranging from O to 4 (0=no dinicd sgns of
respiratory disesse, 1=mild respiratory illness,
4=moribund), based on dinicd sgns, induding
depression, lethargy, anorexia, coughing, rapid
breething, and nasal and/or ocular discharge.
Cattle were treated for respiratory disease if
they had a dinica score $1 and a rectal tem-
perature of $103.5°F. Animas not meeting
those criteria remained untreated and were
returned to their home pen.  Animds requiring
thergpeutic trestment recelved a subcutaneous
injectionof tilmicosn (Micatil) at 1.5 mi/ 100 Ib.
Cattle werereturned to their origind penfollow-
ing trestment. Retreatment was based upon a
continuing dlinical score of $1 and rectal tem-
perature $103.5°F and commenced no sooner
than 48 hours falowing intial treatment. It
conssted of intramuscular injections of long-
acting oxytetracycline (Liquamycin LA-200%,
Pfizer Animal Hedth) & 6 ml/100 Ib body
weight and tylosin (Tylan 200®, Elanco Animdl
Hedlth) a 5 ml/100 Ib body weight.

Average daly gan and therma profiles
were anayzed as separate outcomes. For each
outcome, differences between trestment groups
(0, 1, and $2 trestments) were assessed using
ANOVA with pen controlled as a random
effect.

Results and Discussion

Forty-four percent of the cettle were treated
for dinicd respiratory disease withinthe first 35
days after arriva inthe feedyard. Eight animds
died prior to therma profiling on days 33-35
and were not included inthe andlyses. Animds
never identified assick gained 3.16+0.10 SEM
Ib/day over the 35-day period, whereas ani-
mals requiring one or more treatments had a
lower average daily gain(P<0.001, adjusted for
pen effect). Cattle identified as sick once
ganed2.33+ 0.11 SEM Ib/day, whereasthose
identified as
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sick more than one time gained 1.67 £ 0.16
SEM Ib/day. Individud animd feed efficiency
could not be evaluated, because the cattle were
fed on apen basis.

Ambient temperatures during the 3 days of
therma evauation ranged from 46 to 61°F.
Wind speed was calm except on day 2, whenit
ranged from 10 to 12 miles per howr. No
animds were treated in the 10 days before
thermd profiling. Animastreated one or more
timeshad reduced average thermd profilesover
days 33-35 (P<0.01). Therma profiles of
cettle not identified as sick averaged 2.06+0.07
SEM. Profilesfor catleidentified asbeing sick
once averaged 1.78 + 0.09 SEM vs. 1.71 +
0.11 for those sick more than once (P>0.05).

Thermd imaging measures the amount of
infrared radiationfromthe surface of an animd,
which is an exponentid function of surface
temperature. The body surface will come to
eguilibrium withskin temperature inan environ-
ment with static ambient temperatures. Hesat
flows to the body surface and disspates by
conduction, convection, radiation, and evapora
tion. Skinderivesitsheat from locd circulation
and tissue metabolism. Changesinan animd’s
skin temperature generdly result from changes
in perfusion of blood vessds, biorhythm, core
body temperature, rate of metabolism, and
environmenta factors.

Asevidenced by average daly gain, anima
performancewas dtered significantly falowing
dinica respiratory illness. This dteration in
growth may reduce the amount of radiant en-
ergy released from the body surface as mea-
sured remotdly by a therma imaging unit.
Animds having higher overdl therma profiles
(warmer body surface) tend to be hedthier and
gain better. Radiant energy release from an
animd, can be used to screen for conditions
uch as the effects of respiratory disease that
may ater metabolism and, therefore, perfor-
mance.
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DIFFERENCESIN SERUM IMMUNOGLOBULIN G1
AND TOTAL PROTEIN CONCENTRATIONSIN
NEONATAL CALVESON DAYS1, 5, AND 10

L. E. Wankel, T. T. Marston,
G. L. Stokka, and T. G. Rozell

Summary

Immunoglobulin G1 (IgG1) serum concen-
trations are used to evauate passive transfer of
immunity in neonatal calves. Total serum pro-
teins also can be measured to evauate caf
hedth. If 1gG1 and total serum protein concen-
trations change with age, it becomesimperaive
to compare samples only from a narrow time
period. Otherwise, differences might bedueto
age and not immune datus. To hdp definethis
time period, blood was drawn from 10 beef
caves when they were 1, 5, and 10 days of
age. Serum samples were analyzed for 1gG1
and tota protein concentrations. Total protein
concentrations decreased from days 1 to 5
(P<.05) or days 1 to 10 (P<.05), but not from
days 5 to 10 (P=.46). IgG1l concentrations
declined fromdays 1 to 10 (P<.05), but vaues
from days 1 to 5 were amilar (P=.17). Thus it
isimportant to collect serum on day 1 to guar-
antee correct results when evauating 1gG1 and
total proteins collectively. However, if 1gG1
dore is evduated, serum can be collected
between days 1 and 5.

(Key Words. Immunoglobulin G1, Tota Pro-
tein, Caves)

Introduction

Serum IgG1 concentrationisagood indica:
tor of passve immunity transfer in beef catle.
Total serum protein can be used asanindicator
of hedth. However, when research is con-
ducted invalving these blood characterigtics,
collecting serum around 24
hours postpartum can be difficult. This
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experiment was designed to identify the caf age
at whichserum samples should be collected for
evauation of 1gG1 and tota serum protein.

Experimental Procedures

In January, 1999, blood was collected via
jugular venipunctureat 1, 5, and 10 days of age
from three Hereford, three Smmenta, and four
Angus caves born within 6 days of each other
a the Kansas State Purebred Teaching Unit.
Serum was andyzed for IgGl udng radia
immunodiffuson kits specific for IgG1. Totd
serum  protein was determined using a
temperature-compensated hand-held refracto-
meter. Results then were andyzed using the
Proc Mixed procedure of SAS.

Results and Discussion

Serum total protein concentrations declined
fromdays 1to 5 (P<.05) and fromdays 1 to 10
(P<.05). However, concentrations on days 5
and 10 were not different (P=.46) (Figure 1).
Serum 1gG1 concentrations were Smilar from
days 1to5 (P=.17), and the differenceinvaues
for days 5 vs. 10 approached sgnificance
(P=.06). Nonetheless, days1and 10 differed
sgnificantly (P<.05) (Figure 2). These results
indicate that when research is conducted to
assess passve transfer of immunity, 1gG1 should
be measured only at 1 to 5 days of age to
secure accurate data. However, if both 1gG1
and total serum protein are measured, blood
should be drawn on day 1.
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Figure 1. Total Protein Concentrations of Serum
Samples from Calves 1, 5, and 10 Days of Age
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Figure 2. IgG1 Concentrations of Serum
Samples from Calves 1, 5, and 10 Days
of Age
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EFFECTSOF DYSTOCIA AND CONFINED
CALVING ON CALF-MORBIDITY RATE
FROM BIRTH TO WEANING*

M. W. Sanderson? and D. A. Dargatz®

Summary

An andyss was performed on data from a
nationa survey of US beef cow-cdf producers
to quantify the effects of management factorson
caf-morbidity risk from birth to weaning. The
andyssincluded 2,490 herdsfrom 23 states. A
high caf-morbidity herd was defined as one
with greater than 10% morbidity. The rate of
dystocia in the herd was categorized into five
levels. All dystocia levds were associated
sgnificantly with increased risk of being a high
caf-morbidity herd. Having greater than 70%
of cows and hefers calve in confinement also
was associated with increased risk of being a
high calf-morbidity herd. Approximately 40%
of herds experienced high morbidity from the
effect of dystocia and approximately 10% from
the effect of confined caving. This andyss
indicates that dystocia and confined calving are
important factors in determining a herd's cdf-
morbidity rate from birth to weaning.

(Key Words: Beef, Cow-Cdf, Caf Morbidity,
Cdyving, Dysocia)

Introduction

Examination of individud-animarisk factors
for morbidity and mortdity from birth to 45
days of age has found increased morbidity
among calves born to2-year-old heifers, and
caves experiencing dystocia. A 35 |b reduction

in weaning weight aso has been shown among
cavesexperiencing morbidity betweenbirthand
45 days of age. Of al disease categories, diar-
rhea of unknown cause, predominately in
caves, has the highest costs associated with
trestment and labor. Over 75% of annual
miscdllaneous costs of disease may be due to
logt weight gain. Clearly, caf morbidity is an
important issue to the beef industry, resulting in
reduced weight gains and expense and labor
associated with treatment. The purpose of this
study wasto quantify the effect of herd manage-
ment variableson herd risk for high caf morbid-

ity.
Experimental Procedures

Data Source. Questionnaire data were
collected from 2,490 beef, cow-calf operations
between December 30, 1996, and February 3,
1997. Operations were selected from 23 states
by the USDA:Nationd Agriculturd Statistics
Service (NASS)®>.

Producers were asked to estimate the
number of calves experiencing morbidity from
respiratory disease, diarrheaor "scours’, bovine
keratoconjunctivitis or "pinkeye’, and infectious
pododermatitis or "footrot" from birth to 3
weeks of age and

The authors thank the NASS enumerators and state and federal statisticians for ther roles
in selecting and contacting this sample of beef producers and collecting the data for this analysis. In
addition, none of this would have been possible without the cooperation of dl the beef producers who

participated in the survey.
*Department of Clinical Sciences.

3Centers for Epidemiology and Animal Health, USDA-Animal Plant Hedth Inspection Service-

Veterinary Services, Ft. Collins, CO 80521.



from 3 weeks of age to weaning. Producers
also were asked to estimate or use records to
determine the number of dystociasinheifersand
cows during 1996. Cavings were reported as
"no assgance given'”, "essy pulls’, "hard pulls’,
or"cesarean sections'. Producersalsoprovided
estimates of the percent of cows and heifers
cavinginconfined vs. extensve fadilities, aswl
as an edimate of caving density. Confined
caving was defined as cows caving in pens,
sheds, or lots without access to grazing.

Data Analysis. A sngle morbidity rate
was cdculated for each herd by adding the
estimatesin each morbidity category and divid-
ing by the total number of live-born cavesinthe
herd. This cdf morbidity vdue was used to
categorize herds as high vs. low morbidity.
High-morbidity herds were defined as having
>= 10% morbidity.

Herd dystocia rate was caculated by sum-
ming the estimatesfor easy pulls, hard pulls, and
cesarean sections and dividing by the number of
caves born dive or dead. The combined dys-
tociaratefor cows and heifers was categorized
into five levels. no dystocia (reference group),
>0 to 5% dystocia, >5% to 10% dystocia,
>10% to 20% dystocia, and >20% dystocia.
Data on whether or not cows were observed
regularly during caving season aso was col-
lected.

4cdif ornia, Colorado, Montana, New Mex-
ico, Oregon, Wyoming, Kansas, Nebraska, North
Dakota, South Dakota, Oklahoma Texas, Arkan-
sas, lllinois, lowa, Missouri, Alabama, Florida,
Georgia, Kentucky, Mississippi, Tennessee, and
Virginia

SThis analysis is based on data from the
USDA:APHISVS. Beef 97 survey. For com-
plete results of the survey, contact the Centers
for Epidemiology and Anima Hedth. Ft. Coallins,
CO. (970) 490-8000.
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Percentage of cows and heifers caving in
confined fadlitieswas classified into three cate-
gories, <=20% (reference group), >20 to 70%,
and >70%.

Based onbiologicd plaughility, dl potential
explanatory varidbles for which data were
present for dl herdswere examined for associa-
tion with caf morbidity. Variables associated
with herd morbidity were incdluded in aninitid,
multiple-logistic-regressonmodd. Thepropor-
tions of herd morbidity attributable to the identi-
fied management factors were calculated.

Results and Discussion

The edimate of mean morbidity prior to
weaning was 5.8%, and mean mortdity rate
prior to weaning was 3.7%. The find odds
ratios and confidence intervas (CI) for being
classed a high caf-morbidity herd are summa:
rizedinTable 1. Odds ratios quantitate the risk
of being a high caf-morbidity herd.  Odds
ratios for dystocia categories increased as the
proportions of dystocia in the herds increased
(P<0.01). Odds ratios for confined calving
categories increased asthe proportion of cows
and hefas cdving in confined fadlities
increased (P<0.01). No association was found
betweencaf morbidity levels and regular obser-
vation of caving, specific dystocia categories
suchasdystociaincowsor hard dystocia (hard
pull or cesarean section), or percent heifersin
the herd.

In this data set, the mean dystocia rate for
cows and heiferscombined was 4% vs. 16.7%
for heifers done. Percentage of heifersin the
herd was not associated sgnificantly with high
cdf morbidity. Risk for morbidity in hefer's
calves may be accounted for in the dystocia
vaiable.



Tablel. OddsRatiosfor BeingClassified
aHigh Calf-Morbidity Herd

Vaiable OddsRatio  95% ClI
Dystocia class
0% 1
>0to 5% 2.68*** 1.8-3.99
>50t010%  2.68*** 1.71-4.2
>10%1t020% 3.19*** 1.77-5.77
>20% 5.46*** 2.28-13.1
Confined caving
0to 20% 1
>20%1t0 70% 1.34 0.67-2.65
>70% 1.8%* 1.16-2.82

** P<0.01, *** P<0.001

Each category of dystocia was associated
with increased risk of being a high morbidity
herd. As dystocia rate increased from one
category to the next, the associated point esti-
mate for that odds ratio also increased. This
relaionship was paticularly evident in  herds
with >20% dystocia, where the estimate of the
oddsratio increased to 5.4. Failure to provide
for adequate ingestion of colostrum and for
maintenance of body temperature likely would
increase morbidity
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ggnificantly.  As dystocia rate increased, the
number of calves requiring additiond support
increased. Thus, available labor may be over-
whemed, resulting inincreased risk of morbidity
for individua calves.

The odds ratio for herds in which 20 to
70% of cowsand heferscaved in confinement
was numericdly, but not dgnificantly, greater
than the ratio for herds in which less than 20%
of cows and heafers caved in confinement.
Herds in which >70% of cows and heifers
calved in confinement were sgnificantly more
likdy to be high morbidity herds (odds ra-
tio=1.8). These edtimates suggest a threshold
where labor inputs are exceeded or environ-
mental contamination reaches a levd where
disease transmission probability increases aUffi-
ciently to cause an outbresk.

The combined effects of dystocia and
confined calving accounted for a sgnificant
proportion of high morbidity. Approximately
40% of herds experienced high caf-morbidity
from effects associated with dystocia, and
approximately 10% of herds experienced high
cdf-morbidity from effects associated with
confined cdving. Eliminating dl dystociawould
be unredigtic; nonetheless, the data reported
here indicate the rddive effects of dystociaand
confined caving on caf morbidity.
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CHARACTERIZATION OF SERUM HORMONE
PROFILESIN GROWING HEIFERSIMPLANTED
WITH ANABOLIC GROWTH PROMOTANTS!

D. A. Blasi, D. M. Henricks?, J. S. Drouillard,
G. L. Kuhl, and M. F. Spire®

Summary

A 147-day study was conducted to deter-
mine the sequentia growthresponsesand serum
hormone profiles of growing hefer caves im-
planted withanabolic growth promotants. Forty
eight previoudy nonimplanted crossbred beef
heifersaveraging 396 b were assgned to one of
three treatments. 1) nonimplanted controls
(NC), 2) Revdor®-G (REV-G), and 3) Syn-
ovex®-H (SYN-H). Accumuldive gan re-
sponse from day 84 through the end of thetrid
was sgnificantly faster for both implant treat-
ments than controls. Implant response was not
consgtent across time; heifers in both implant
treatments gained faster than controls (P<.05)
during the early (days 22-42) and later (days
64-84 and 85-105) weigh periods. By day 2,
serum estradiol concentrations were increased
INREV-G(P<.05) and SY N-H (P<.01) heifers
raive to NC. Only REV-G contains tren-
bolone acetate, and none was detected in NC
and SY N-H heifers, but serumlevdsin REV-G
heifers were increased on days 2 (P<.001), 4
(P<.05), and 63 (P<.001). Only SYN-H
contained testosterone; its level peaked by day
63 in SYN-H heifers. Throughout the study;,
progesterone was higher in NC hefers thanin
SY N-H or REV-G heifers, which suggeststhat
the exogenous steroi ds reduced pituitary gonad-
otropin secretion and, thus, ovarian progester-
one secretion.  Our results suggest that the
rel ease of trenbolone and estradiol fromREV -G
implants is complete by 84 days after implant-
ing.

(Key Words. Growth Promotants, Serum
Hormones, Heifers))

Introduction

Profit-minded cattle producers recognize
that growth-promoting implants are indispens-
able tools for improving efficiency. Previous
KSU fidd studies on stocker heifers showed
that the gain response to implants depends on
both implant type and the number of implants
administered during the grazing period (Cattle-
men's Day reports 1997 and 1998). Those
dudies aso suggested that serum hormone
concentrations vary betweenimplant types over
time. Hence, our objective was to characterize
serum hormone profiles and performance of
growing heifersimplanted withRevalor®-G (40
mg trenbolone acetate and 8 mg estradiol) or
Synovex®-H (20 mg edtradiol benzoate and
200 mg testosterone propionate) compared to
nonimplanted contrals.

Experimental Procedures

This 147-day study was conducted from
May through October, 1997, at the KSU Beef
Cattle Research Center. A totd of 48 British
crossbred heifers averaging 396 Ibs was as-
signed randomly to one of three trestments. 1)
nonimplanted control (NC), 2) Revaor-G
(REV-G) and 3) Synovex-H (SYN-H). All
heifers were checked for previous implants,
sratified by weight, and dlotted randomly to
trestment usng the average of individua un-
shrunk weights on 2 previ-

Sincere appreciation is expressed to Fort Dodge Animal Health for financial support.
2Animal and Veterinary Sciences Dept., Clemson University, Clemson, SC.
3Food Anima Health and Management Center, KSU College of Veterinary Medicine.
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ousweigh days (days '2and 11). All heifers
were fed inone pen, once per day. Theration
was65% sorghumsilage, 20% wheat middlings,
10% rolled corn, and 5% supplement (as-fed
basis). Table 1 shows the same ration con-
verted to a dry basis. The targeted gain of 2
Ib/day was intended to be comparable to the
gan in grazing studies conducted previoudy on
smooth bromegrass and winter rye.

Table 1. Dry Matter Composition of
Growing Diet?

Ingredient % of DM
Sorghum slage 40.3
Wheat middlings 34.7
Dry-rolled corn 17.6
Supplement 7.4

Formulated to provide 14.6% crude protein,
43 Mcal/lb Neg, 1.04% cacium, 0.53%
phosphorus, and 25 g/ton Rumensin®.

On day O, implants were administered
according to manufacturers recommendations.
Unsghrunk weights and blood samplesfor serum
hormone analyss were collected on days 0, 2,
7, 14, 21, 42, 63, 84, 105, 126 and 147.
Samples were andyzed for trenbolone acetate
(TBA), testosterone (T2), estrogen (E2), and
progesterone (P4).

Live weight gain data were analyzed as a
completdy randomized design with treatment
asthesole source of variation. All hormone data
were analyzed as a split-plot andysis for re-
peated measures. The mode included the effect
of trestment in the man plot (tested by the
animd within trestment variance) and time and
the treetment X time interaction in the subplot.
Trestment x time means were compared only
when asgnificant effect of the interaction term
was found.

Results and Discussion

Table 2 presents heifer performance by
trestment during successve wegh periods.
Dally gains of REV-Gand SY N-H heiferswere
gmilar (P>.05) to those of the NC hefers
during the first 21 days. However, hefers in
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both implant treatments gained 10 to 27%
fagter than controls during the next five 20-day
weigh periods. During the find two weigh peri-
ods, SYN-H hefers gained numericaly faster
than either REV-G or NC heifers.

Table 2. Effect of Implant Type on Heifer
Daily Gains during Successive 20-Day
Weigh Periods

Treatment®

Period of Study
(Days) NC REV-G SYN-H
0-21 2.10 2.26 2.01
22-42 2.49° 2.92° 2.91°
43-63 2.12 2.44 2.40
64-84 2.65° 3.11° 2.91%
85-105 1.97° 2.34% 2.50°
106-126 1.92 1.99 2.07
127-147 1.79 1.50 1.96
qNC = Nonimplanted control; REV-G =
Revalor® -G; SYN-H = Synovex®-H. All

implants were administered on day 0.
b-O/glues in rows not sharing a common super-
script are different (P<.05).

Figure 1 shows the accumuleive growth
responses of REV-G and SYN-H hefers
relaive to controls over the 147-day study. In
contrast to earlier KSU studies where heifers
responded rapidly to SYN-H and REV-G
implantation, the implanted hafers in our study
gained amilaly (P>.05) to controls during the
firg 21 days. By day 42, the cumulaive daly
gainsof bothimplanted groupswerenumericaly
greater than those of controls. From day 84
through the end of the study, cumulative daily
gans of both implant groups were greater
(P<.05) than those of controls. The lack of a
sgnificant gain responseto theimplantsearly in
the study may have been related to intensive
handling and blood sampling. Although the



Cumulative
Daily Gain (Ib) Above Control

amplitude of the growth response was higher for
REV-G heifers, the gain response to SYN-H
seemed to be sustained longer. These observations
are consistent with previous KSU field
trials.

Figure 2 shows the serum hormone concentrations
of the heifers throughout the 147-day
study. As expected, estradiol concentrations
were similar among all treatments on day 0. But
by day 2, estradiol levels were increased in both
REV-G (P<.05) and SYN-H (P<.01) heifers.
Serum estradiol declined rapidly in REV-G
calves, and remained similar to the level in
controls throughout the remainder of the study.
Serum estradiol was higher in SYN-H heifers
than in both control and REV-G heifers on days
7, 14, 42, and 105. The lack of a clear increase
in serum estradiol in REV-G heifers
likely reflects the lower estradiol concentration
in that implant.

As expected, only the REV-G heifers
contained measurable serum levels of
trenbolone. All samples from NC and SYN-H
heifers were below the detection limit of the
assay (10.0 pg/mL). Trenbolone was elevated
in REV-G heifers on days 2 (P<.001),

0.40

4 (P<.05), and 63 (P<.001). Thereafter,
serum trenbolone levels were similar
across the three treatments.

Averaged across the 147-day study, serum
testosterone level was higher in SYN-H heifers
(61.5+1.8 pg/mL) than in NC (41.2+6.9
pg/mL; P<.01) or REV-G (42.0+6.9 pg/mL;
P<.01) calves. That was expected because
only the SYN-H implant contained testosterone.
Progesterone concentrations trended upward
in all treatments as the study progressed,
and thisisreflected (P<.001) in aday of sampling
effect. The most reasonable explanation is
that, with increasing age, more heifers were
becoming pubertal, and therefore exhibited
luteal function and increased progesterone
secretion. Averaged over all sampling days,
progesterone was higher (P<.05) in NC heifers
(1.3+.2 ng/mL) than in REV-G (.7+.2 ng/mL)
or SYN-H (.7+.2 ng/mL) calves. That is diffi-cult
to reconcile. However, the exogenous steroids
may have decreased pituitary gonadotropin
secretion, which, in turn, delayed puberty
or at least resulted in reduced progesterone
secretion.
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aREV-G = Revalor-G; SYN-H = Synovex-H.

b Daily gain of implanted heifers significantly different from nonimplanted controls (P<.05).
Figure 1. Cumulative Growth Responses of Heifersto Growth Implants Relative to

Nonimplanted Controlsa.
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MEASURING THE FINISHING PERFORMANCE
OF STEERSAND HEIFERS

M. Langemeier !, R. Jones?, and G. Kuhl

Summary

This study examined improvements in the
finishing performance of seersand hefers from
1990 to 1998 by measuring the rate of techno-
logicd change. The rates of technological
change were 0.58% per year for finishing steers
and 1.01% per year for finishing heifers. The
relaively higher rate for hefers indicates that
technological change over the study period
favored the performance of helfers.

(Key Words: Steer Finishing, Heifer Finishing,
Technological Change.)

Introduction

Theincrease in production per unit of input
for the cattle feeding industry has not kept up
with that exhibited by the swine- and poultry-
feeding indudtries over the last 15 to 30 years.
This lack of growth in production per unit of
input has impacted the relative prices among
cattle, swine, and poultry and has contributed to
changesin market shares. Given recent deve-
opments in the swine- and poultry-feeding
indudtries, it isimperative that the cattle feeding
industry continue to improve performanceinthe
converson of inputs to beef.

Several measures can be used to examine
changes in the performance of finishing steers
and heifers. For example, improvements in
performance could be measured using growth
rates in average daily gain; feed conversion; or
the rate of technologica change, which is com-
monly used to compare performance across

Department of Agricultural Economics.

indudtries. The rate of technologica change
representsthe differencebetweenoutput growth
and input growth. A positiverate of technologi-
cal change indicates that over time, the same
level of output can be achieved with lessinpuit,
or the same amount of input canproduce more
output. Therate of technological change can be
used to measure the importance of changes in
genetics, feeding systems, and management.

In order to gage the relative magnitude of
future performance improvements, it is impor-
tant to study past performance. Research that
has examined improvements in caitle feeding
performance over time is sparse. This study
examines the improvements in the finishing
performance of steers and heifers in Kansas
from January 1990 to December 1998.

Experimental Procedures

The data in this study were obtained from
monthly issues of Focus on Feedlots?, a KSU
newd etter that reports costs, performancedata,
and closeout dataiin the Kansas feedlot indus-
try. Table 1 presents the summary Statistics for
feedlot gain, feed consumption, cornprice, total
feeding codts, average daily gain (ADG), and
dry matter feed converson efficiency (FCE) for
steersand hefersduring the study period. Totd
gan per head averaged 465 Ib for eersand

*The authors acknowledge the generosity of the feedyard managers who provided data for the

Focus on Feedlots newsletter.
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409 Ib for hefers. On average, steers had an
ADG of 3.20 Ib and an FCE of 6.45, whereas
hefers had an ADG of 2.85 |b and an FCE of
6.66.

The rate of technologica change was deter-
mined usng regression anadyss. Regression
modds were specified for steers, heffers, and
the difference between steers and heifers. Gain
per head represented the output from finishing
and was used as the dependent varigble for
seersand hefers.

Independent variables for the steer and
heifer regressons included feed consumed, a
time trend, monthly dummy variables, and a
dummy variable for closeouts from February
1993 to May 1993. The gan per head and
feed variables were expressed in naturd loga
rithms to facilitate computations of the rate of
technological change and to dlow for anonlin-
ear trend. Thetime trend was used to messure
the monthly rate of technological change over
the study period. To approximate the annua
rate of technologica change, the coefficient on
the time trend variable was multiplied by 12.
Monthly dummy variables were used to capture
seasondity in performance.  For example, if
seers or heifers were finished in February, the
February variable would have a vaue of one
and the March through December variables
would have a vdue of zero. Because January
was used as the base month for comparisons,
there was no variable for January. The perfor-
mance for February through December thus
wascompared directly to January performance.
A dummy variable for the February 1993
through May 1993 period was used to account
for the unusudly poor performance during these
four closeout months resulting from a sevies of
maor snow storms.  This dummy varigble hed
avdue of oneif the clossout monthfor steersor
heifers occurred during the February 1993
through May 1993 period and a vdue of zero
otherwise.
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Results and Discussion

Table 2 reports the regresson vaues for
steers, hafers, and the difference between
steers and hefers. As expected, seasonality
was quite pronounced, and the dummy vari-able
for the early 1993 period wassignificant. Steer
and hefer performance from the May to De-
cember closeouts was higher thanperformance
from January. As evidenced by the sgnificant
coefficient on the early 1993 variadle (2/93 to
5/93), that period had a large negdtive impact
on performance. The regresson reaults in the
third column can be used to eval uate differences
in seasondity between steers and hefers.
Compared to heifer performance, steer perfor-
mance tended to be higher for June, July, and
August closeouts and lower in February.

Thetime trend was Sgnificant ineach of the
regressons. The regresson that examines the
difference between steers and heifers indicated
that the rate of technologicad change was rda
tively higher for heifersthanfor steersduring the
study period. The annud rate of technologica
change can be found by multiplying the coeffi-
cent on the time trend variable by 12. The
rates of technologicd change over the study
period were 0.58% per year for finishing steers
and 1.01% per year for finishing hafers. The
cumulative rates over the entire study period
were 5.3% for finishing steers and 9.4% for
finishing heifers

Even though technologicd change was
sgnificant over the sudy period, it was consid-
erably lower than that experienced in U.S.
agriculture asawhole. Reaively dow techno-
logica change in cattle finishing may have con-
tributed to the deterioration in the competitive
position of the beef industry during the 1990's.
Research that directly compares technological
change in the cattle, swine, and poultry indus-
triesis needed to address the relative competi-
tivenessissue.



Table1l. Summary Statisticsfor Finishing Steersand Heifers

Vaiable Unit Mean Standard Deviation

Steers
Gan Ib/head 465.21 33.56
Feed Ib/head 2988.10 156.83
Corn price $/bu 3.12 0.48
Total feeding costs $'head 281.13 27.86
Average daily gain |b/day 3.20 0.26
Feed conversion efficiency Ib feed/lb gain 6.45 0.45

Heifers
Gan Ib/head 409.27 26.34
Feed Ib/head 2718.90 152.90
Corn price $/bu 3.12 0.48
Totd feeding costs $head 258.12 24.32
Average daly gan Ib/day 2.85 0.23
Feed conversion efficiency Ib feed/lb gain 6.66 0.46

Source: Focus on Feedlots newd etter, monthly issues from January 1990 to December 1998.
Note: Financid variables were converted to red 1998 dollars.
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Table2. RegressionAnalyssExaminingTechnological Changesfor Finishing Steers

and Heifers
Varidble Steers Hefers Difference
I ntercept -1.056785™" 0.996367 0.047894""
(0.438195) (0.517672) (0.008337)
Feed consumed 0.880748™"" 0.583371" 0.895083™"
(0.060851) (0.073189) (0.043468)
Time 0.000485"" 0.000843"" -0.000173"
(0.000092) (0.000106) (0.000062)
February -0.015129 0.003973 -0.016145"
(0.013954) (0.014840) (0.008075)
March -0.022245 0.001067 -0.011904
(0.014061) (0.015083) (0.008075)
April 0.017246 0.027178" 0.007173
(0.014221) (0.015403) (0.008083)
May 0.053396"" 0.054597""" 0.013034
(0.014158) (0.015233) (0.008078)
June 0.066118™"" 0.051511""" 0.025973™"
(0.013924) (0.014970) (0.008022)
July 0.071026™"" 0.056280"" 0.022202"*"
(0.014017) (0.014836) (0.008033)
August 0.067868"" 0.045375" " 0.026803"
(0.014065) (0.014766) (0.008100)
September 0.066755"" 0.049666""" 0.010346
(0.013832) (0.014808) (0.008100)
October 0.063233™" 0.055151"" -0.000996
(0.013836) (0.014882) (0.008150)
November 0.043317"" 0.038133™" -0.006662
(0.013944) (0.015015) (0.008039)
December 0.026427 0.032444™" -0.012527
(0.013856) (0.014826) (0.008046)
2/93 to 5/93 -0.203049™" -0.174439™" -0.010479
(0.015665) (0.017154) (0.009152)
Adjusted R? 0.8471 0.7777 0.8839

Notes: Numbersin parentheses are standard errors. Single, double, and triple asterisks (*) denote
sgnificance a the 10%, 5%, and 1% levels, respectively.
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IMPACTS OF CORN AND FED-CATTLE PRICES
ON PRICE SLIDESFOR FEEDER CATTLE

K. C. Dhuyvetter * and T.C. Schroeder *

Summary

Severd important determinants need to be
considered when andyzing price dides (price-
weight relationships) for feeder cattle. Thetwo
most economicdly important determinants of
price-weight didesareexpected fed-cattle price
and corn price. Priceeweight dides increase
notably when corn prices dedline (i.e, the
premium for light-weight calves increases as
feed prices decrease). Likewise, when ex-
pected fed-cattle pricesincrease, price-weight
didesincrease. Knowing this information can
hep producers who forward contract feeder
cattle, backgrounders making decisions regard-
ing feading calves to various weights, and pro-
ducersmaking feeder cettle purchase decisions.

(Key Words: Price Slides, Feeder Cattle
Prices, Price Determinants.)

Introduction

Price determination and discovery for
feeder cattle are complex, becausemany factors
impact feeder cattle markets. Feeder cattle are
inputs into a production process; therefore,
feeder cattle demand is affected by dl factors
that affect future anticipated demand for fed
cattle as well as expected cattle backgrounding
and(or) feeding costs. Also, as feeder cdtle
weight varies, the rdaive importance of ex-
pected sHling price and expected input costs
changes. Thus, determinants of feeder cattle
demand vary in importance over time as the
cattle grow. A formidable task facing potentid
catle buyers and sdlers is how market prices
are likely to change as the form of the product
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supplying data necessary to complete this study.

(i.e, catle weght) and expected input and
output prices change.

Our objective was to quantify how feeder
cattle price changes as cattle weight, expected
input costs, and expected salling prices change,
and how thesefactors change in rdive impor-
tance as feeder cattle weight varies. Results of
this study are ussful to ceattle producers when
meking management decisons  concerning
dterndive production drategies (e.g., creep
feeding calves, rate of gan to pursue in
backgrounding programs, length of grazing
season) and timing of buy/sdll decisions. Un-
derstanding how market conditions affect price
dides (priceeweight reationships) will alow
producers to incorporate weight adjustments
into price forecasts.

Experimental Procedures

Sdle price, weight, number of head in sde
lot, sex, and breed information were collected
on individud sde lots of feeder cattle from the
Winter Livestock Auction in Dodge City, Kan-
sas from January 1987 through December
1996. The dataincluded 46,123 individud lots
with average weights of 300 to 900 Ib repre-
senting five breed categories (English, mixed,
Continenta/ European, Longhorn, and Hol-
gein). Slightly over haf (55.5%) of the lots
were steers, and the rest were heifers.

Appreciation is expressed to Marvin Fausett for



In addition to the information on each indi-
vidud lot of feeder cattle, weekly average
futures prices for fed cattle and corn were
collected to be used as proxies for expected
fed-cattle price and expected corn price.

Summary datistics for feeder-cattle price
and weght vaiables are given in Table 1.
Average weight was 660 Ib. Price averaged
$80.64/cwt over the 10-year time period and
ranged from a low of $40.10 to a high of
$142.50 across weghts and time.  Weekly
average cornpricewas $2.60/bu. (range, $1.52
to $4.38), and weekly average cattle futures
price was $69.79/cwt (range, $54.25 to
$78.00).

To quantify the price-weight relationshipfor
feeder cattle while accounting for the mgjor
price determinants, feeder cattle price was
regressed on weight, sex, live-catle futures
price, and corn futures price. Weight squared
asowasindudedto dlowfor nonlinear impacts
of weight. Interaction terms between weight
and each other variable were included.

Modds induding variablesfor breed, sea-
sondity, profitability, and price varigbility aso
were estimated. Results with regards to the
varigbles of interest here (fed cattle and corn
prices) were milar, so the smpler modd is
presented to save space.

Results and Discussion

Regression results are reported in Table 2.
The mode explained 88.7% of the variability in
feeder cattle prices. Every coefficient isdatisti-
cdly different from zero (P<.05), which is
expected given the large number of observa
tions. Because of the interaction and squared
terms, the effects of
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each variable are difficult to decipher smply by
examining the coefficients.  Therefore, to en-
hance interpretation, graphica andyss is used
to demondtrate the impeacts of various price
determinants.

Figure 1 shows the price-weight dide for
feeder cattle ascornpricevariesfromthe mean
of $2.60/bushel plus and minus two standard
deviations and fed-cattle futures price is hdd
steady at its mean. For lower corn prices,
feeder cattle price increases more rapidly as
feeder cattle weight decreases. Thisis as ex-
pected; when corn price is lower, lightweight
feeder cattle are worth more relative to heavy-
weight cattle because cost of gainis low. For
example, the price spread between 500 and
800 Ib steersisamost $20/cwt whencornprice
is $1.68/bu but declines to just dightly over
$8/cwt with a $3.52/bu cornprice. Animpor-
tant implicationis that price-weight didesshould
be adjusted for different corn prices.

Expectedfed-cattle priced sohasagzesble
impact on the price-weight relationship (Figure
2). When the corn futures price is held at its
mean, the pricespread between 500 and 800 Ib
steersis about $19/cwt withafed-cattle futures
price (mean price plus a two standard devia-
tions) of $79.37/cwt, whereas the spread is
approximately $9/cwt with a fed-cattle futures
price of $60.21/cwt (mean less two standard
deviations). Price-weight dides clearly depend
on both expected fed-cattle prices and corn
prices.

Results here indicate that the relaionship
between feeder cattle prices and feeder cattle
weights (i.e, price dides) vary as feed and fed
cettle prices vary.  Thus, it is important to
account for current market conditions when
edimating the impact that weight has on feeder
cattle price.



Table1l. Summary Statistics of Feeder Cattle Sale Data and Futures Prices, January 1987 -
December 1996 (46,123 head)

Variable Mean Std Dev Minimum Maximum

Price ($/cwt) 80.64 12.83 40.10 142.50
Weight (Ibs.) 660 141 300 900

Corn futures price® ($/bu.) 2.60 0.46 152 4.38
Live cattle futures price* ($/cwt) 69.79 4.79 54.25 78.00

dAverage of third, fourth, and fifth contracts out where the nearby contract is the first contract out.

Table 2. Regression Results (dependent variableis feeder cattle price, $/cwt)

Parameter Standard

Varidble Egtimate Error P-Vdue
Intercept -45.5491 5.9043 0.0001
Live cattle futures (LC) 3.9149 0.0795 0.0001
Corn futures (CN) -36.5803 0.9003 0.0001
Weight 0.0661 0.0199 0.0009
Weight squared -3.8x 10° 1.6x10° 0.0205
Heifer x weight -0.0410 0.0004 0.0001
Heifer x weight squared 4.7 x 10° 5.6 x 107 0.0001
LC x weight -0.0048 0.0003 0.0001
LC x weight squared 2.4x10° 21x107 0.0001
CN x weight 0.0621 0.0029 0.0001
CN x weight squared -3.2x 10° 2.3x10° 0.0001
R? 88.7
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ALTERNATIVESTO CASH PRICESIN
FED-CATTLE PRICE DISCOVERY

T. C. Schroeder ! and J. Mintert !

Summary

Price discovery in fed cattle markets is a
ggnificat concern as cash market volume
declines and trade becomes more sporadic.
Producers need to consder other sources of
pricing information when negotiating cash trade
and long-term marketing agreements.  This
study eval uated severa dterndive price sources
for producers to consider. Live cattle futures
and whol esal e boxed-beef prices offer the most
promise; however, both adso have limitations
asociated with their use.

(Key Words: Cattle Price Discovery, Futures
Markets, Wholesale Beef Prices.)

Introduction

What were once liquid, local, cashmarkets
for fed cattle are being replaced with non-cash
mechanisms induding contracts, marketing
agreements, dliances, and formula-pricing
arangements. As cash market volume de-
clines, cash price data become less readily
available, and the likdihood increases that
publicly reported cash prices are not represen-
tative. If recent trends continue, USDA quotes
of cash market pricesfor fed cattle could soon
be of limited vdue. Consequently, producers
need to consder other sources of market price
information to use for price discovery and for
base pricesinmarketing agreements and pricing
formulas. This study reviewed and evauated
dternative market prices as sources of price
discovery informetion.

'Department of Agricultural Economics.
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Experimental Procedures

Kansas weekly prices for direct-trade fed
catle from January 1991 to July 1999 were
compared withlive caitle futures and wholesdle
boxed-beef prices. Relationships among these
various markets were examined, and implica-
tions of using thesedternative markets as price
information sources are discussed.

Results and Discussion

Fed cattle pricing methods have changed
consderably over the past decade, largdy via
formula prices. These formulas rely on some
externd reference price (such as USDA’s
WesternK S direct cash price) as an adjustment
mechaniam when the market price fluctuates.
However, as cash market voume declines,
some market participants are conddering new
externd reference prices, such as 1) average
dressed or live prices from beef processng
plants, 2) retail beef prices, 3) live-cattle futures
prices, and 4) prices of wholesale boxed beef
and by-products.

Average dressed or live prices from pro-
cessing plants and retail beef prices are poor
candidates for use as external reference prices,
because they reflect varying qudity levels over
time, whichcanlead to perverse pricing results.
Retail beef prices adso are of limited vaue,
because the rdaionship between retail and
farm-level prices changes as processors and
retailers add additiona processng (eg., trim-
ming, cooking). Thus, formulas that rely on a
retail-based, externd,



reference price may result in a farm-level price
that does not represent actual farm vaue.

Live-caitle futures prices are appeding as
an externa reference. Theytypicdly havelarge
volumes, reflect new information rapidly, and
provide a viable source of price expectations.
Future quotes are readily available, and futures
are monitored closdy to avoid manipulation. In
addition, futures price-based formulas fix the
bads levd, which greetly reduces the risk of

hedging.

Even with these advantages, concerns il
exig regarding the use of a futures price as an
externd reference. Fird, futures prices have a
‘time matching' problem. They represent spe-
dfic ddivery or expiration dates that do not
necessarily match the cash market transaction
date. Second, higtoricd variahility inbasis(cash
price minus futures price) needs to be ac-
counted for. Fndly, if aviable cash market for
the underlying commodity does not exist, the
viability of that futures contract itslf may come
into question.

The difference betweentheweekly Western
Kansas fed-steer price and the nearby live-
cattle futures price (nearby bass) is shown in
Figure1l. Thebasswas quite variable, but had
a datidicdly sgnificant downward trend. The
average Western Kansas fed-steer bass was
$0.26/cwt during 1991 and 1995, but averaged
$0.97/cwt below the nearby futures price from
1996 through mid-1999.

Exactly why Kansas fed-steer prices have
declined rdative to live cattle futuresis not clear.
One possibility is a change inthe rdaive qudity
of cattle traded in the cash market. If higher
qudity cattle have moved away from the cash
market trade toward marketing agreementsand
grade and yidd pricing arrangements, then the
relaive dedine in the cash market price may
samply reflect aqudity change.

The short-run implication for use of futures
prices as externa reference prices is clear.
Formulas based on live-cattle basislevels from
ealy in the decade would yidd higher prices
thanformulasbased onmore recent bass levels.
Thus, if live-cattle futures prices are to be used
as an externd reference, the formula needs to
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be adjusted periodically to account for changing
basis.

Ancther possble externa referencepriceis
the vdue of wholesde boxed-beef cutout plus
hide and offd. Wholesde prices are appeding
because, conceptudly, they represent the mar-
ket supply and demand for all meat products
whether they are going to retail, food service, or
export markets, and as such, reflect the prices
that mesat processors are recalving for beef
products.

Two factors make long-term use of whole-
sale prices as an external source of reference
prices problematic. First, as in the fed cattle
market, non-cash trade in the wholesale beef
market is becoming commonplace. Conse-
quently, USDA wholesde beef pricesarebased
on a sand| percentage of dl beef traded and
may not represent the animal’ s true wholesale
vadue. Second, as daughter and processing
costs change, the rddionship between
wholesde- and farm-leve prices aso changes.

During the period studied, vaues of boxed
beef plus hide and offd ranged from less than
$50 to more than $160 per head above live
animd vaue. This vaiability in fam to
wholesale beef pricesisnot necessarily adeter-
rent tousngwholesale-based farm-level pricing
when producers market cattle regularly; weekly
“peaks’ in the spread are offset by “troughs’.
However, itis more troublesome for producers
marketing cattle infrequently.

More important than the week-to-week
vaiability inthe relationship betweenwholesde
and live cattle valuesis the trend inthis relation-
ship. Figure 2 shows the ratio of the weekly
vaues for Choice Western Kansas fed steers
(1,000 Ib. steer) versus the vaues for Choice
boxed-beef cutout plusthe hide and offd from
January 1991 through July 1999. During the
early 1990s, the fed steer vaue typicdly aver-
aged 90 to 95% of the wholesdle vadue. How-
ever, this ratio has trended downward and
increased in variabil-



ity over time to the point where, during the
1996 1999 period, the live animal value
generaly ranged from 80 to 90% of the
wholesale value.

The reason for this decline is not clear. It
does not necessarily indicate that packer
margins are increasing. Rather, as noted
earlier, the cash fed-cattle market could be
representing progressively lower quality
cattle, as higher quality cattle get marketed
using grids and marketing agreements. The
key point is that using wholesale beef prices
as external reference prices will result in
lower fed-cattle prices today than would a
similar formula just a few years ago. Addi-
tional research is needed to better explain
this relationship.

Small- to medium-sized cattle producers
may struggle in the current environment of
price discovery. The daily fed-cattle market
is characterized by spotty price quotes, small
trade volume, few buyers and sellers, and
concerns over the representativeness of
publicly reported cash market prices. Thus
producers may have difficulty negotiating
prices that are reflective of market condi-
tions. Producers in this predicament may
want to consder developing formula pricing
relationships with a processor. Negotiation
of the formula, however, should not be taken
lightly. In particular, settling for a formula
based on plant averages is not recommended.
In the long run, formulas using wholesale
and (or) live-cattle futures prices as externd
reference prices appear to have promise.
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FACTORSINFLUENCING THE INITIATION OF
ESTROUSCYCLESAND EXPRESSION OF
ESTRUSIN BEEF COWS

J.S. Stevenson

Summary

Body condition, parity, and days post-
partum at the onset of the breeding season
determine the proportion of cows that
initiated first postpartum ovarianactivity and
ovulated before the start of the breeding
season. Hormonal treatments that included
both GhRH and a source of progestin
enhanced expression of estrus and led to
greater pregnancy rates of suckled beef
COWS.

(Key Words: Suckled Cows, Body
Condition, Parity, Days Postpartum, Estrus.)

I ntroduction

The factor most limiting early
impregnation of suckled cows is the
proportion of cows that are not cycling
(anestrous) at the beginning of the breeding
season. Continual presence of a suckling
calf prolongs anestrus and delays the
reinitiation of estrous cycles. Although
insufficient energy and protein intake and
insufficient body condition at calving are
aso limiting factors, temporary or
permanent weaning of the calf usualy
initiates estrus within afew days. Y ounger
cows nursing calves generally have more
prolonged anestrus because of their
additional growth requirement.

Nutrients are used by cows according to
an established priority. Thefirst priority is
maintenance of essential body functions to
preserve life.  Once that maintenance
requirement is met, remaining nutrients
accommodate growth. Finally, lactation and
theinitiation of estrous cycles are supported.
Because older cows have no growth
reguirement, nutrients are more likely to be
available for milk synthesis and estrous
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cycle initiation. Because of this priority
system, young, growing cows generally
produce less milk and are anestrous longer
after calving.

During the past 6 years, we have given
more than 2,200 beef cows various
hormonal treatments to synchronize estrus,
ovulation, or both, in an attempt to achieve
conception early in the breeding season and
maximize the proportion of cows pregnant
to genetically superior Al sires. As part of
these studies, we measured the incidence of
cyclicity at the beginning of the breeding
season, both prior to hormonal treatments
and in response to these treatments. This
report summarizes the factors (body
condition, parity, and dayssincecalving) that
influence the proportion of cows cycling
before and in response to hormonal
treatments.

Experimental Procedures

Five studies were conducted during the
spring 1995-1999 breeding seasons on four
private ranches and at the KSU Purebred
Beef Unit.

Study 1 (1994-1995). Purebred
suckled cows (Simmental, Angus, and
Hereford, n = 279) at KSU were used.
Controls received two injections of
Lutalyse® (25 mg of PGF,,; Pharmacia &
Upjohn, Kalamazoo, MI) on days-14 and O
and were inseminated at estrus, or in the
absence of estrus, a 80 hr after the second
Lutalyse. Treated cows received 25 mg of
Lutalyse on days -14 and 0O plus 100 pg of
Cystorelin® (GnRH; Merial Limited, Isglin,
NJ) on day -7 and had a norgestomet
(NORG) ear implant (Syncro-Mate-B®;
Merial Limited, Iselin, NJ) in place for 8
days beginning on day -7. Treated



cows were inseminated at 72 hr after Lutdyse
and 18 hr after a second injection of Cystorelin

given a 54 hr after Lutayse.
A B C B Al
| | = 9 9
124 114 17 0
X X X X X
A = Lutyse®
B = Cydtordin®
C=Lutayse®

X = Blood sample
Norgestomet ear implant = T

Study 2 (1996). Purebredsuckled Angus,
Gdbvieh, and Hereford cows and crossbred
suckled cows (Smmentd, Angus, and Here-
ford) (n = 890) on three private ranches were
used. Control cows received two injections of
Lutdyse on days 114 and 0. A second group
of cows received Cystorelin on day 17 and
Lutadyseonday 0 (Select Synch). Select Synch
+ NORG cows dso had a norgestomet implant
in place for 7 days beginningonday 7. Cows
were inseminated after detected estrus. In
addition, 164 purebred suckled cows received
the Sdlect Synch + NORG treatment at KSU.
Cows were dther inseminated after detected
estrus (one-half) or at 48 hr after PGF,. and
given 100 ug of Cydordin at thetime of Al.

Alor Al +B
| . 9

14 -7 0
X X X

A = Lutdyse®

B = Cystordin®

C = Lutayse®

X = Blood sample

Norgestomet ear implant = [

Study 3(1997). Crossbred suckled cows
(n = 406) (Smmentd, Angus, and Hereford
crosses) on two private ranches, plus 158
purebred Simmenta, Angus, and Hereford
suckled cows at KSU were used. Cows were
treated with 100 ug of Cystordlin onday 17
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and Lutdyse on day 0. They wereinseminated
after detected estrus, or in the absence of
estrus, at 54 hr after Lutalyse and given100 ug
of Cygtordin a the time of Al.

A B AlorAl+
A
| | | 9
-17 -7 0
X X X
A = Cydtordin®
B = Lutdyse®
X = Blood sample

Study 4 (1998). Purebred Angus, Sim-
mental, and Hereford cows (n = 187) at KSU
were used. All cows received 100 ug of
Cystordinof day 17 and 25 mg of Lutalyse on
day 0. Half of the cows aso received an
intraveginal progesterone insat (CIDR-B,
InterAg, Hamilton, NZ) on day 17, whichwas
removed on day 0. All were inseminated at 48
hr after Lutdyseand given100 ug of Cystordin
at thetime of Al.

A B Al+A
| e O
-17 -7 0 +2
X X X
A= Cystordin®
B= Lutdyse®
X = Blood sample

CIDR® insert = [

Study 5 (1999). Purebred Angus, Sm-
mentd, and Hereford cows (n = 187) at KSU
were used. All cows recelved 100 ug of
Cystordinonday 17 and 25 mg of Lutalyse on
day 0. Haf dso received an ear implant con-
taining 6 mg of norgestometonday 17. It was
removed on day 0. All cowswereinseminated
48 hr after Lutayse and given 100 ug of Cyst-
ordlin a thetime of Al.



A B Al+A
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-17 -/ +2
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B= Lutayse®
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Blood samples were collected prior to
hormonal trestmentsto determine if cowshad a
functional corpus luteum. At least two blood
samples were collected between 7 and 11 days
before hormone adminigtration and just prior to
each hormone injection. Progesterone was
measured by radioimmunoassay. |If ether or
both samples contained one or more ng of
progesterone per ml, then the cows were as-
sumed to have ovulated and be cycling. If
neither sample contained el evated progesterone,
then the cow was anestrous. Further blood
samples dlowed us to determine if hormond
treetments induced ovulaion in previoudy
anesirous cows.

Body condition scores (1 = thin, 9 = fat)
were assgned to cows on the firg day of the
breeding season, and days since caving were
caculated for each cow,

The data were treated by analyses of vari-
ance to determine the effects of body condition
score, parity, and days postpartum at the begin-
ning of the breeding season on cyclicity. Fur-
ther, the effects of various hormone treatments
on the detection and expression of estrus were
determined. Indl analyses, herd and year were
absorbed into the modéd!.

Results and Discussion

Cyclicity

Body condition, parity, and days post-
partum sgnificantly affected the percentage of
cows that were cycling before hormond treat-
ments and the beginning of the breeding season.
Figure 1 illustrates the effect of body condition
score. As body condition incressed the per-
centage of cows cycling increased (P<.001) in
alinear fashion. For every unitincreasein body
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condition (range of 1to 7), percentage of cows
cycling increased (P<.01) by 18 + 2%.

The literature indicates that beef cows
should calve with abody condition score of at
leest 5 to prevent prolonged anestrus after
caving. Cowsmay gainor lose body condition
between caving and the beginning of the breed-
ing season, depending on nutritional conditions,
ealy grass growth, and supplementation.
Clearly, body conditionscoresare predictive of

cydling activity.

Percentage cycling was less (P<.001) for
fird-cdf 2-year-olds than that for older cows
even though the 2-year-olds cadved 2 to 3
weeks earlier (Figure 2). The extra nutrient
demand for growth clearly limits the proportion
of 2-year-olds cyding at the beginning of the
breeding season.

Edtrus status aso was influenced by days
snce caving (Figure 3). Percentage of cycling
cowsincreased (P<.001) linearly before reach-
ing apeak by 70 days postpartum. For every
10-day interval since cadving (from <50 to 70
days), the percentage of cows cydingincreased
(P<.01) by 7.5 £ .7%. Thus, early caving is
critical, because it alows more cows to be
cycling by the start of the breeding season.

Estrus Expression

The percentage of cows expressng estrus
during the firg week of the breeding seasonis
illugrated in Figure 4. A greater (P<.001)
proportion of cyding cows than anestrous
cows (70 vs. 40%) showed behaviora estrus
ealy in the breeding season. However, an
impressve proportion of anestrous cows was
induced to show estrus by estrus-synchroniza
tion hormones.

The mogt effective hormond trestmentsare
those that indude both Cydordin and a
progestin (Select Synch + NORG), compared
to Cydorein done or injections of Lutayse.
Lutdyse is incgpable of inducing estrus in
noncycling cows, whereas norgestomet, Cy<t-
ordin, or both successfully induce cyding ectiv-
ity in suckled cows.



The percentage distribution of cows in
estrus after treatment was influenced
by atreatmentx cycling status interaction (P<.01,
Figures 5 and 6).

The two treatments that included
Cystorelin had similar distributions of estrus for
cycling cows, with a peak percentage occurring
between 49 and 60 hr. Estrus in the 2xPGF
control occurred across a broad 144-hr period
and lacked a defined peak.

The distribution of estrus among noncycling
cows differed (P<.01) among treatments. The
Select Synch cows were detected in estrus
earlier than cows in the other treatments. A
distinct peak in estrus of the Select Synch +
NORG cows occurred between 37 and 48 hr,
whereas estrus in the 2xPGF controls was
distributed more broadly across the 144-hr
period. The Select Synch + NORG treatment
induced both the earliest and tightest synchrony
of estrus. In that treatment, 50.5% showed
estrus between 25 and 48 h after the PGraa
injection, compared to 32.4% in the Select

Average interval from Lutalyse injection to
estrus was affected by treatment (P<.01);
location (P<.01); and cycling status at the
beginning of the breeding season (anestrus vs.
cycling; 54 £ 3vs. 68 + 3 hr; P<.001). Intervals
to estrus for treatments that included Cystorelin
+ NORG (55 = 4 hr) or Cystorelin alone
(58 + 4 hr) were similar but shorter (P<.05)
than those in the 2xPGF controls (71 £ 5 hr).
Body condition had no effect on interval to
estrus, but for every 10-day increase in days
between calving and the start of the breeding
season (range of 22 to 120 days), a2.2 £ 1 hr
decrease (P=.05) occurred in the interval from
Lutalyseto estrus.

Having more cycling cows at the beginning
of the breeding season will maximize the propor-
tion of cowsthat conceiveto Al sires. More cows
calving early during each successive calving sea-
sonwill enhanceAl pregnancy rates, because more
cows will be cycling before the breeding season
begins. In addition, winter supplementation pro-
grams must maintain cowsin body condition suf-
ficient for cycling.

Percentage of Cows Cycling
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Figure 1. Effect of Body Condition Score on Percentage of Cows Cycling.
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Figure 4. Effect of Hormonal Treatments on Percentage of Cows in Estrus during
First Week of Breeding Season. (Open bars = anestrous; shaded bars = cycling.)
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USE OF GNRH TO INCREASE THE PRECISION OF
ESTRUSAND AUGMENT TIMED INSEMINATION
IN HEIFERSTREATED WITH MELENGESTEROL

ACETATE AND PGF 5,1

S. K. Johnson2, B. Broweleit, J. E. Huston3,
D. E. Grum2, and M. L. Day?2

Summary

We examined the potential of adding
gonadotropin-releasing hormone (GnRH) to
a synchrony system based on melengestrol
acetate-prostaglandin Foq  (MGA-PGPF23)
to increase the precision of synchronized
estrus and augment timed artificial
insemination (Al). Yearling heiferswerefed
MGA dally for 14 days. Nineteen days
after the last feeding of MGA, all heifers
were given PGFp25 (day 0). Heifers
receiving no further treatment served as the
untreated controls. In the second treatment,
heifers also received an injection of GnRH
on day —7. Both groups of heifers were
artificially inseminated 12 hours after
detected estrus.  Heifers in the third
treatment received GnRH on day —7 and day
2 and were inseminated (timed Al) at the
time of the second GnRH injection. In
comparison to a MGA-PGF24
synchronization system, addition of GnRH
on day —7 did not improve the synchrony of
estrus. Adding two injections of GnRH
(day —7 and day 2) facilitated timed Al.
However, pregnancy rate for timed Al was
lower than pregnancy rate for Al 12 hours
after detection of estrus.

(Key Words: Al, Estrus Synchronization,
Timed Al, GhRH, MGA, Heifers)

Introduction
The MGA-PGF25 synchronization

system has been highly effective for
facilitating the use of Al in heifers.

Increasing the interval from the last feeding
of MGA to theinjection of PGF2g from 17
days to 19 days seems to improve the
synchrony of estrus (1998 Cattlemen’ s Day,
pg. 31). Various permutations of timed Al
and double insemination have been tried
with the MGA-PGF24 system. However,
without controlling the timing of ovulation,
resultsarevariable. University of Missouri
researchers found that an injection of GnRH
prior to PGF2g inaMGA- PGF24 system,
concentrated estrus during the synchrony
period. The hypothesis for this study was
that an injection of GnRH 1 week before
PGF24 in the MGA-PGF25 system might
synchronize follicle growth sufficiently to
alow for timed Al.

Experimental Procedures

Yearling heifers from four herds
(n=709) were used in the study. Herd A
included 439 head of black and black baldy
heifers; Herd B, 100 head of Angus cross,
Angus South Devon, and Angus
Limousin heifers; Herd C, 83 head of Angus
and Angus ~ Simmental heifers; and Herd
D, 87 head of Angus and Angus ~
Simmental heifers.  All heifers were fed
MGA (.5mg/head) daily for 14 days (days
-32 to day -19 of the experiment).
Nineteen days after the last feeding of
MGA, dl heifers were given 25 mg of
PGF2a (Lutalyse®; day 0). Heifers
receiving no further treatment served as the
untreated controls (control, n=253) and were
inseminated artificially 12 hours after
detection of egrus. 1n the second trestment, heifers

IWe acknowledge the cooperation and participation of the KSU Agricultural Research
Center, Hays, KS; Losey Bros., Agra, KS; and Shugert Farms, Lore City, OH.

2Northwest Area Extension Office, Colby.
30hio State University, Columbus, OH.
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received an injection of GnRH
(Cystorelin®;100mg) on day —7 (GnRH,
n=260) and were inseminated artificially 12
hours after detected estrus. Heifers in the
third treatment received GnRH on day —7
and day 2 (2xGnRH, n=196) and were
inseminated at the time of the second
GnRH injection (timed Al). Heifersin the
2XGnRH treatment that were detected in
estrus early (before day 1.5) were bred 12
hours after detection. For purposes of data
summary, we defined the synchrony period
asdays0to 7 after PGFo4.

The length of the total Al period varied
withlocation. Heiferswere exposed to bulls
after Al for a total breeding season of
approximately 60 days. Pregnancy
diagnosis (ultrasound) occurred between 35
and 70 days after PGF24. At al locations,
heifers not diagnosed as pregnant at the first
ultrasound, were re-evaluated 30 days or
more after bulls were removed.

Results and Discussion

The onsets of estrus for heifers in the
control and GnRH treatments for Herds A
and B are shown in Figure 1. For both
groups, the most heifers were detected in
heat between 49 and 60 hours after PGF23.
Proportion of heifers exhibiting estrus from
days 0 to 7 after PGF24 (83.4 and 86.5%)
and the average day of insemination during
the synchrony period (days 3.0 +.09 and
2.8 £.08) did not differ between the control
and GnRH treatments, respectively. In the
2xGnRH group, 18 of 196 (9.2%) heifers
were detected in heat before day 1.5 and
were bred 12 hours after detection of estrus.
Timed insemination was performed on the
remaining 178 heifers. Conception rate for
this group was 72.2% (13/18). In Herds A,

C, and D, heifers in the 2xGnRH group
were observed for estrus after the timed Al.
In Herd A, 23/107 (21.5%) heifers
exhibited heat after the timed breeding
between days 5-8. These heiferswere bred
12 hours after detection of estrus, but the
assumption was made that they did not
conceive to the timed Al. Conception rate
for 2xGnRH heifersthat were bred between
days 5 and 8 was 91.3%. In Herds C and
D, no heifers were observed in heat during
this time period.

Conception rates during the synchrony
period for control (160/211; 75.8%) and
GnRH (160/225; 71.1%) treatments did not
differ and were greater (P<.05) than the
conception rate following timed Al in the
2XGNRH  treatment (83/178; 46.6%).
Similarly, pregnancy rate during the
synchrony period did not differ for the
control and GnRH treatments (63.2 and
61.5%, respectively) but was greater (P <
.05) than the pregnancy ratein the 2xGnRH
treatment when only pregnancies resulting
from timed Al were considered (83/196;
42.3%). If pregnancies in the 2xGnRH
group that resulted from Al 12 hours after
estrus, either before (13/18) the timed Al
period or to a second Al after timed Al
(21/23), are included, the pregnancy rate
during the synchrony period in this
treatment was 59.7%. Thus, acombination
of timed Al and some heat detection resulted
in apregnancy rate not different from that of
the control and GnRH treatments. Although
some time was still spent on heat detection
in this case, time spent sorting and resulting
stress on the heifers were reduced. This
time savings would be most relevant to
producers synchronizing large groups of
heifers and must be weighed against the cost
of GnRH. Pregnancy rates for the entire
breeding season did not differ among
treatments.
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Table 1. Pregnancy Rate duringthe Synchrony Period and Breeding Season

Table 1. Pregnaney Rate during the Svnchrony Perlod and Breeding Season
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SUPPLEMENTAL PROGESTIN INCREASES PREGNANCY
RATESIN SUCKLED BEEF COWS!

J. S. Stevenson, G. C. Lamb, D. M. Grieger,
J. A. Cartmill, B. A. Hendley,
S. E. El-Zarkouny, and T. J. Marple

Summary

In two experiments, combining a source

of  progestin  with the owvulation
synchronization protocol using
gonadotropin-releasing  hormone  plus

prostaglandin Fo; (GNRH + PGF,,) tended
toincrease or statistically increase pregnancy
rates in suckled cows compared to GnRH +
PGF,, aone. These improvements were
accomplished without any detected estrus
when cows were inseminated and received a
second injection of GnRH at 48 hr after
PGFZa.

(Key Words. Cows, Al, Estrus-Ovulation
Synchronization, GhnRH, PGF24,Progestin.)

Introduction

Recent studies have identified the
effectiveness of using GnRH + PGF5, to
synchronize estrus and ovulation in beef
cattle (1998 Cattlemen’s Day, pp 34-36).
This protocol (known as Select Synch)
requires an injection of GnRH 7 days before
PGF,5 is given on the first day of the
breeding season. Cows then are observed for
estrus and inseminated. This protocol
requires three separate trips through the
working chute (two for hormone injections
and onefor Al). In other studies, pregnancy
rates (number of pregnant cows/number of
cows treated) have exceeded 50%.

The Select Synch protocol was refined
further to allow for one fixed-time breeding
of beef cows with only three trips through the
working chute. Artificial insemination at 48
hr after PGF,, was combined with a second
injection of GnRH to induce ovulation; thus,

itisreferred to as Cosynch. Cosynch studies
conducted in Colorado have consistently
produced good pregnancy rates
(approximately 50%), whereas our results in
Kansas field trials were not quite as good
(1999 Cattlemen's Day, pg. 61-64). We
believe part of the difference isrelated to the
better body condition of their cows. In
addition, about 10% of the cows treated with
GnRH + PGF,, are observed in heat 1 or 2
days before the PGF,, is administered or 6
to 7 days after the first GnRH injection. To
prevent those cows from showing heat
prematurely in our studies, we applied either
an intravaginal progesterone insert or an
implant containing a synthetic progestin
(norgestomet; Syncro-Mate-B ear implants)
during the 7-day interim between injections.

Our objective was to determine if adding
progestin to the Cosynch protocol would
enhance pregnancy rates.

Experimental Procedures

In 1998, purebred Simmental, Angus, and
Hereford cows were assigned randomly to
each of two treatments (Figure 1): 1) cows
received (i.m.) 100 pg of GnRH (Fertagyl ®;
Intervet Inc. Millsboro, DE) followed in 7
days with 25 mg of PGF,, (Lutalyse®;
Pharmacia & Upjohn, Kaamazoo, MI),
followed by a second injection of Fertagyl
and one fixed time insemination (Cosynch)

or 2) Cosynch plus one intravagina
progesterone insert (CIDR-B, InterAg,
Hamilton, NZ) containing 19 g of

progesterone during the 7 days between the
first injection of Fertagyl and Lutalyse
(Cosynch + CIDR).

1We acknowledge the assistance of student workers at the KSU Purebred Beef Unit.
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Blood sampleswere collected 10 days before
the first Fertagyl injection and at the time of
each hormonal injection for progesterone
assay. Pregnancy was diagnosed by trans-
rectal ultrasound 35 days after the fixed-time
Insemination.

In 1999, Purebred Simmental, Angus, and
Hereford cows were assigned randomly to
each of two treatments (Figure 1): 1) cows
received (i.m.) 100 pg of GnRH (Cystorelin;
Merial Limited, Iselin, NJ), followed in 7
days with 25 mg of PGF,,; (Lutalyse),
followed in 48 h by a second injection of
Cystorelin and one fixed time insemination
(Cosynch) or 2) Cosynch plus one 6-mg
implant of norgestomet (Syncro-Mate-B ear
implants only, Meria, Iselin, NJ) in place
during the 7 days between the first injection
of Cystorelin and Lutalyse (Cosynch +
NORG). Blood samples for progesterone
assay were collected 10 days before the first
Cystorelin injection and prior to each
hormonal  injection. Pregnancy was
diagnosed by transrectal ultrasound 35 days
after the fixed-time insemination.

During 1998, blood serum samples were
collected at least 1 hr after CIDR removal to
allow progesterone released by the CIDR
insert to clear from blood. Samples were
assayed for progesterone to determine if
cows were cycling or anestrus at the
beginning of the breeding season.

Results and Discussion

Results of both experiments are
summarized in Table 1. Based on serum
progesterone levels, 78% of the cowsin 1998
had ovulated at least once prior to the onset of

treatments. Of those cows that were still
anestrus on day -7, more (P<0.05) Cosynch
than Cosynch + CIDR cows had high
progesterone (3 1 ng/mL) on day O (CIDR
remova and PGF,, injection). More than
94% of the cows in both treatments had low
progesterone prior to the timed insemination.
Pregnancy rates tended (P=0.09) to be
greater in al three breeds of cows receiving
the CIDR inserts.

Based on changes in blood progesterone,
about 60% of the cows in 1999 had ovul ated
at least once prior to the onset of treatments.
As in 1998, of those cows that were still
anestrus on day -7, more (P<0.05) Cosynch
than Cosynch + NORG cows had high
progesterone (31 ng/mL) on day O
(norgestomet implant removal and PGF»4
injection). More than 94% of the cows in
both treatments had |ow progesterone prior to
the timed insemination. Pregnancy rates were
increased (P<0.01) by the norgestomet
implant even though cycling rates were less
than those observed in 1998. Again,
pregnancy rateswere consistently better in all
three breeds of cows.

Our results during 2 years indicate the
need for progestin as part of a GnRH +
PGF,, ovulation synchronization protocol
for suckled cows. Progestin combined with
GnRH increased the proportion of cows
detected in estrus in earlier experiments and
usually increased pregnancy rates whether
cows were inseminated after detected estrus
or by appointment at 48 to 54 hr after
PGF,5. In those studies, a second GnRH
injection was administered at the time of the
appointment insemination.
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Figurel. Protocolsfor Cosynchand Cosynch+NORG (1998) or Cosynch +CIDR (1999,
B =blood collection for progester oneanalyses; NORG =nor gestomet; CIDR
= progesterone-impregnated intravaginal insert).

Tablel. Comparisonof Cosynchvs. Cosynch+Norgestomet or Cosynch+CIDRin
Suckled Beef Cows

Treatments
1998 1999
Caosynch Cosynch

Item Caosynch + CIDR Cosynch  + NORG
No. of cows 92 95 91 92
Cycling by day -7, % 77.0 78.9 60.4 58.7
High progesterone on day 0, % 75.0 59.0° 73.6 47.8%
Low progesterone at +48 hr, % 94.6 98.9 98.9 94.6
Body condition score on day O - - 4.8 4.6
Average days postpartum on 71 70 76 78

day O (range) (26-108) (29-108) (37-103)  (37-106)
Pregnancy rates, % 51.1 66.32 30.7 51.1°
Breed

Angus 58.8 (51) 62.2 (53) 37.0(54) 56.6(53)

Hereford 30.4 (23) 70.8 (24) 18.7(16) 31.2(16)

Smmentd 55.6 (18) 72.2 (18) 238 (21) 52.1(23)

Pifferent (P=0.05) from Casynch within yesr.
PDifferent (P<0.09) from Cosynch within year.
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THIAMIN AND RIBOFLAVIN RETENTION IN GROUND
BEEF PATTIESPASTEURIZED BY ELECTRON BEAM

K. A. Hachmeister, D. H. Kropf, J. L. Marsden,
V. S. Gill, C. L. Kastner, M. C. Hunt, and R. J. Kaye

Summary

This research focused on the effects of an
electron beam irradiation treetment with the
Repstitive High Energy Pulsed Power (PHEPP)
accelerator at Sandia National Laboratories.
Test vaiables induded irradiation/storage
temperatures (30 or 0°F), packaging environ-
ments(aerobic or nitrogen-flushed), and irradia:
tion dose (0, 1.5, or 3.0 kGy). Ground beef
patties formulated to a target fat level of 20%
were packaged inbarrier filmunder nitrogen(ca
= 400 ppm residual oxygen) or seded in agro-
bic packages (no vacuum), stored, and irradi-
ated chilled or frozen. Thiamin and riboflavin
levels were not affected (P>.05) by irradiation
dose. Thiamin content of irradiated pattieswas
greater for frozen vs. chilled and for nitrogen-
packaged vs. aerobically packaged product.
Riboflavin content was grester in frozen peatties
that were nitrogen packaged. Electron beam
pasteurization by this method did not affect
thiamin or riboflavin concentration of treated
ground beef patties.

(Key Words. Ground Bedf, Electron Beam,
Thiamin, Riboflavin.)

Introduction

Ground beef is popular, economicd, and
widdy used. Publicity from foodborne disease
outbreaks invalving meat products has in-
creased consumer awareness of food contami-
nation with pathogens, especiadly Escherichia
coli O157:H7, Salmonella, and Listeria.
Irradiationisa promising method to ensuremesat
safety; however, concerns have been raised
about its possble effect on nutrients, especidly
thiamin and riboflavin.
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Experimental Procedures

Beef knuckles (IMPS 167) obtainedfroma
commercid processor within5 days of carcass
fabrication were trimmed of externd and seam
fat. Beef subcutaneous fat trim was obtained
fromthe Kansas State University Meat L abora-
tory. Lean and fat sources were coarsaly
ground separately through a 3/8 in. plate. A
sample of each source was ground using a 1/8
in. plate, mixed and analyzed for fat and mois-
ture (CEM Corp., Matthews, NC). Lean and
fat sources were mixed to obtain atargeted fat
level of 20%, then mixed and ground twice
through a1/8 in. plate.

Twelve square, ground beef patties (1/4 b,
4x4x1/2 in.) were made per replication per
treatment. Pattieswere placed in asingle layer
on metd trays and crust frozenat —40°F for 20
min to fadlitate handling. Haf of the patties
were packaged in barier bags (3-6 cc
O,/m?/24 hour at 40°F and 0% RH, Viskase
Corp., Chicago, IL). The other haf were
sealed (not evacuated) in oxygen-permesble
bags (Polyethylene; 3550 cc O,/n/24 hour at
72°F and 50% RH).

Integrity of the nitrogen-flushed packaging
was confirmed by usng a gas andyzer to ana
lyze resdud gas in one nitrogen-flushed irradi-
ated patty per treatment per replication. The
probe was inserted into the package through a
sticky rubber patch. The detection limit of the
gas analyzer was 400 ppm O,,.

Patties were stored at 34+5°F (chilled) or
14+5°F (frozen) temperature. Packaged
patties were packed into insulated ice chests
and transported by air to Sandia National



L aboratories, Albuquerque, NM, for irradiation.
Frozen cooler packs were used to control the
temperature during trangportation.  Interna
temperature was monitored usng temperature
loggers. Temperatures increased about 12°F in
frozenproduct and 9°F inchilled product during
shipment. After arrival, product temperature
was stabilized overnight to 14 or 34°F. Con-
trol samples recelving no irradiation treatment
were shipped and treated the same as product
to beirradiated.

To measure actual irradiation, 48 calibrated
dosimeters were placed on1x1x 3/8in. acrylic
blocks onfour cornersof the patties. A tota of
96 dosmeters was used to collect absorbed
dose data. Minimum and maximum doses for
each dose level and replication were deter-
mined. Because the ground beef patties were
only 1/2 in. thick, amaximum to minimum ratio
of <1.7 was our target.

Patties were placed on a 1/4 in.-thick
auminum base plate (18x53 in.). A refrigera
tion unit beneath the base plate maintained the
required temperature. Each patty was irradi-
ated with 1.5 or 3.0 kGy of nontradioactive
electron beam, Repstitive High Energy Pulsed
Power (RHEPP-I1) at anenergy leve of 2 Mey,
apower level of 200 kW, and an gpproximate
dose rate of 10'° to 10" kGy/sec at a con
veyor speed of 1 in/sec. Patties irradiated at
1.5 kGy were exposed under the beam once,
and patties irradiated to 3.0 kGy were exposed
twicein onerun. After each run, dl pattiesand
dosmeterswereinverted and irradiated againin
the same manner. Control (0 kGy) pattieswere
placed on the conveyor and run through the unit
with the eectron beam turned off. Immediately
after irradiation, patties were placed in ice
chests(cooled withdry ice) and returned to two
separde refrigeration units
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maintained a 1 4°F for frozenpatties and 30°F
for chilled paities.

After irradiation, samplesfor vitamin analy-
sswere packed in Styrofoam boxes lined with
dry ice and sent to Midwest L aboratories, Inc.,
Omaha, NE. During shipping, temperaturewas
mantained a 113°F.  Thiamin and riboflavin
were measured usng AOAC methods. The
detectionlimit of each method was .02 mg/100
g. Duplicate vaues were averaged, and a
datistica analysis was performed.

Results and Discussion

Maximumminmumratiosfor dose levels of
irradiationranged from 1.46 for 3.0 kGy frozen
patties to 1.48 for 1.5 kGy chilled patties.
Therefore, our target ratio of <1.70 was
achieved.

Thiamin contents for control and after
irradiationat 1.5, and 3.0 kGy were .077,.079,
and .078 mg/100 g mest, respectively (Table
1). Corresponding riboflavin levelswere .172,
174, and .172 mg/100 g. Thiamin was higher
(P#.05) in nitrogenflushed patties (.083
mg/100 g) than in aerobicaly packaged patties
(.072 mg/100 g). Riboflavin was higher
(P<.05) in nitrogen-flushed frozen (14°F)
patties than in nitrogen-flushed chilled (34°F)
patties (.167 vs. .179 mg/100 g) (Teble 2).
Riboflavininaerobically packaged ground beef
patties at both chilled and frozen temperature
was.172 mg/100 g.

Under our conditions, irradiating ground
beef with electron beams generated from
RHEPP-11 resulted in no loss of ather thiamin
or riboflavin compared to nonirradiated con-
trols. This encouraging observation could be
due to low dose, packaging atmosphere, tem-
perature, irradiationsystem, or acombination of
those factors.



Tablel. ThiaminContent (mg/100g)in Ground Beef PattiesasAffected by Dosel evel,
Temperature, and Packaging Atmosphere

Dose (kGy) Temperature °F Packaging

Vitamin 0 1.5 30 SE 34 —4 SE N, Ar SE

Thiamin 077 079 .078 .001 .074¢ .82® .01 .83 .072* .001

Detection limit: Thiamin .02 mg/100 g.
SE = Standard error.
abMeans with the same or no superscript in the same row within a treatment parameter are not

different (P>.05).

Table 2. Riboflavin Content (mg/100 g) in Ground Beef Patties as Affected by
Temperatur e by Packaging Atmosphere (Standard Error =.005)

Temperature °F
Packaging 34 —4
Nitrogen 1672 A79P
Aerobic 1728 722

Detection limit: Riboflavin .02 mg/100 g.
abMeans with the same superscript are not different (P>.05).
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EFFECTSOF PH, MYOGLOBIN FORM, AND ENDPOINT
TEMPERATURE ON COOKED GROUND BEEF COLOR

M. K. Schoenbeck, D. H. Kropf,
M. C. Hunt, S. L. Stroda, and S. Hawthorne

Summary

Beef quadriceps muscles from nine pH
groups (5.5 - 6.4 in .1 increments) were
ground; mixed with fat (20%); formed into
patties whose myoglobin was in ether the oxy
or deoxy dtate; and cooked to four endpoint
temperatures (150, 160, 170, or 180°F).
Internd cooked patty color was evauated
vigudly and ingrumentaly. Petties containing
deoxymyoglobin with pH 6.2 or higher and
cooked to 150 and 160°F wereredder visudly
and ingrumentdly than those with alower pH.
Smilar trends, but not as pronounced, were
observed with patties containing oxymyoglobin.
Deoxymyoglobinwas more res stant to denatur-
ation and, thus, made patties more susceptible
to persstent red color and at a lower pH than
thase with axymyoglobin.

(Key Words: Ground Beef, Cooked Color, pH,
Myoglobin Form.)

Introduction

Persstent red color, aphenomenoninwhich
product retains an undercooked, red to pink,
interna color even when cooked beyond rec-
ommended endpoint temperatures, hasbecome
avery cosly issue in the ground beef industry.
Ground beef patties normdly change from red
to pink to brown, tan, or grey as endpoint
temperatures increase. This color change can
be attributed to the denaturation of muscle
pigments. Ground beef displaying persistent red
color progresses through the norma color
changes less rapidly during cooking.

pH criticaly affects cooked meat color,
especidly persstent red color. Beef with higher
ultimate pH values is more color stable than
gmilar meat with lower pHs. Products with a
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high pH retain a reddish color despite thorough
cooking. Our objective was to determine the
effects of a pH continuum, pigment form, and
endpoint temperature on cooked color in
ground besf.

Experimental Procedures

We used the rectus femoris, vadtus laterdis,
and the vastus intermedius muscles from 24
peded knuckles(IMPS 167A) of varying pH'’s
(556.4). Individud muscles from the
quadriceps were sorted into nine pH groups
with amuscle pH range of not over 0.1 + 0.05
pH units per group. Each pH group was
coarsely ground separately through a 1/2 in.
plate, blended to 20% fat, mixed and ground
through a 1/8 in. plate, and formed into patties
whose myogobin was in ether the oxy- or
deoxy- state. The patties were rapidly crust
frozen, individudly vacuum packaged, and
placed in a -40°F blast freezer. Patties were
cooked from the frozen state to one of four
endpoint temperatures (150, 160, 170, or
180°F). Internd temperatures of the patties
were monitored usngahypodermic probe-type
thermocouple inserted in the center. After
cooking, pattieswere diced in the center paral-
ld to the flat surface and immediately eva uated
for cooked color, both visudly and insrumen-
tdly (a*, redness). The center (35 grams) of
each patty was blended with two volumes of
cold 40 mM phosphate buffer at pH 6.8 to
quantitetively extract myoglobin. Data were
andyzed usng linear associations by correlation
by PROC CORR of the Statiticd Anayss
Sysem.



Results and Discussion

Asexpected, visual color scores for patties
with higher pH vaues were redder than those
for pattieswithalower pH when cooked to the
same endpoint temperature. As pH increased,
ground beef patties maintained a persistent red
color (lower visud scores, higher insgrumental
a* vaues) even with higher endpoint tempera-
tures (Table 1). The visud score means of
deoxymyoglobin pat-ties were lower (redder)
than those for the oxymyoglobin patties.
Myoglobin was protected more during cooking
in the deoxygenated paities. A visud score of
4.5 and below indicates the presence of pink.
Any patty that was cooked to or beyond the
recommended cooking temperature (160°F)
and continued to display a pink interna color
was considered persistently red.

Many pattieswith pH aslow as 5.9 (dightly
higher thannorma pH) wereinterndly red when
cooked to 160°F, the USDA-FSIS (1997)
recommended endpoint temperature. Themean
visual score for these patties was 4.38 (Table
1).

Our deoxymyoglobin pattiesat pH 6.1 and
higher displayed persstent red color at dl
endpoint cooking temperatures (Table 1). The
visud meanfor pH 6.1 patties cooked to 180°F
was4.5. Thisindicates adight pink color.

Oxymyoglobin patties cooked to 180°F
never showed persistent red color visudly,
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but when cooked to 170 or 160°F werered or
pink at pH’'s 6.2 and 6.4. The patties cooked
to the lowest endpoint temperature (150°F)
displayed pink or red color a pH 5.9 and
higher (Table 1). Premature brown cooked
color was noted for oxymyoglobin patties
cooked to 150°F from pH 5.6, 5.7, and 5.8

groups.

Bothvisud and ingtrumental col or evaluation
indicate that as pH increases, patties are more
likdly to retain red color even as temperatures
increase. As pH is increased, myoglobin be-
comes moredifficult to denature through cook-
ing. Cooked patties with deoxymyoglobin
retain the perastent red color at higher tempera
tures than cooked patties with oxymyoglobin.

More myoglobin denaturation was seen
within the oxymyoglobin patties (Table 2), but
myoglobin was protected from denaturation at
higher pH levelswith ether pigment form.

Contralling musde pH isa difficult task, but
high-pH product can be identified prior to
grinding.  Effective handling practices might
minmize persistent red color. Consumers of
ground beef must be educated to use an accu-
rate, rapid-response thermometer to determine
endpoint temperature. If that temperature
reaches 160°F, the ground beef is safe for
consumption even if apink color perssts.



Tablel. pHandMaxi muminternal TemperatureEffectsonVisual and Instrumental
Redness (a*) of Ground Beef Patties

Oxymyoglobin - pH
Item Temp°F 55 56 57 58 59 61 62 63 6.4
Visud 150 488 550 563 588 450 538 313 525 275
color 160 513 588 575 588 475 500 375 463 313
score? 170 588 6.38 638 650 563 583 450 525 438

180 575 650 663 638 600 638 488 563 5.00

[nstrumental 150 738 598 539 531 636 7.98 11.55 1044 11.33
color® 160 556 6.00 560 531 588 891 919 910 11.39
(a) 170 513 585 495 503 541 628 715 756 6.92

180 515 552 526 533 515 640 641 727 6.53

Deoxymyoglobin - pH
Temp°F 55 56 57 58 59 61 62 63 64

Visud 150 450 463 438 463 363 350 125 63 125
color 160 463 500 512 500 438 413 138 163 .83
score? 170 488 575 513 500 450 438 300 275 3.63

180 538 625 538 625 550 450 438 438 4.38

Instrumental 150 897 694 951 7.83 928 1299 16.20 15.85 21.56
color® 160 629 584 866 640 823 10.38 16.31 19.23 16.10
(a) 170 583 538 629 599 652 812 10.33 19.86 1844

180 6.25 533 657 571 564 7.09 7.68 18.71 18.02

AColor scde 7-0, .5 increments; 7= grey, 6- brownish grey, 5=tannish brown, 4=tannish pink,
3=pink, 2=dightly reddish color, 1=reddish pink/raw, and O=raw. Two patties per treatment
(pH/temperature). Two visud evauations per patty. Three instrumental evauation per patty.

Pa* is an instrumental value that increases with redness.

Table2. Myoglobin Denaturation for Oxymyoglobin and Deoxymyoglobin Ground Beef
Patties at Each Cooking Temperature Averaged over pH

Myoglobin 150°F 160°F 170°F 180°F

Denaturation Oxy Deoxy Oxy Deoxy Oxy Deoxy Oxy Deoxy
Mean, % 73.5 62.5 78.9 67.0 80.1 753 848 826
Standard deviation, % 20.1 13.2 15.8 11.8 155 13.6 13.0 1.8
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QUALITY AND DISPLAY LIFE OF CHILLED OR
FROZEN ALL-NATURAL BEEF AND
BEEF-BUFFALO FRANKFURTERS

R. Limsupavanich, E.A.E. Boyle,
D. H. Kropf, K. A. Hachmeister,
T. M. Loughin?, and M. A. Boland?

Summary

Chilled (35+3°F) or frozen (0+3°F) dl-
natural beef and beef-buffalo frankfurters made
with or without sodium nitrite (NaNO,) were
evauated. Treatments induded frankfurters
made with: al-naturd beef without NaNO, and
displayed frozen (BOF); all-natural beef and
buffado without NaN O, and displayed frozen
(BUOF); dl-natural beef with NaNO, and
displayed frozen (BNF) or chilled (BNC).
Batter pH, smokehouse yield, and proximate
andyds were determined. No differences
(P>.05) were noted in batter pH, smokehouse
yield, proximate andyss, or cookingyidd. Day
of display had no influence (P>.05) on oxida
tion. However, BUOF had the highest (P<.05)
oxidationvaue, ameasure of potentid rancidity.
For dl treatments, ingrumentaly measured
lightnessincreased during display, while redness
decreased. Both BOF and BUOF had lower
(P<.05) redness and nitrosoheme pigmentsthan
BNC. Purge lossincreased (P<.05) with longer
display. Microbia counts and pH of frozen
products were not different (P>.05) during
display. Nitrite-free frankfurters can be dis-
played frozenup to 90 days based on microbia
counts, but display life may be limited to 60
days by product color. Incluson of buffao did
not influence physicd or microbiologica quaity
of nitrite-free frozen frankfurtersbut may accel-
erate oxidative rancidity.

(Key Words: All-Naturd Beef-Buffao Frank-
furters, Nitrite-Free, Chilled Display, Frozen

Display)

Department of Statistics.
2Department of Agricultural Economics.

113

Introduction

About 834 million Ib of frankfurters were
sold & retail inthe U.S. in 1998, witha vaue of
$1.5 billion. Some consumers perceive “ natu-
ral” foods as “hedth” foods. From 1987 to
1994, the sde of “naurd” foods increased
more than 100%, indicating increased demand.
“Naturd” beef is minimaly processed and
contains no atificid additives. Buffao (Bison
bison), an dternative red mest, is gaining ac-
ceptability in some foodservice settings.  All-
natura beef or beef-buffdo frankfurters may
provide aniche market for meeat processorsand
additiond market opportunities for beef. Our
objective was to evauate chilled (35+3°F) or
frozen (0+3°F) digplay life and qudity of regular
and nitrite-free al-natura beef and beef-buffalo
frankfurters.

Experimental Procedures

Ground lean beef (80/20), ground fat beef
(50/50), ground lean buffalo (90/10), and dl-
natural wiener seasonings were obtained from
commercid suppliers. Frankfurters were pro-
cessed by a very smdl commercid meat pro-
cessor. They were made with al-natura beef
without sodium nitrite (NaNO,) and displayed
frozen(BOF); dl-natura beef and buffdo (10%
of lean component) without NaNO, and dis-
played frozen (BUOF); dl-naturd beef with
NaNO, and displayed frozen (BNF) or chilled
(BNC). Each of three processing days repre-
sented one replication.



Frozenraw meat materias, tempered over-
nigt at 32°F, were chopped with seasoning
mixes, ice, and NaNO, and sodium erythobate
as appropriate to form agood batter. Batters
were stuffed into sheep casing, hand linked (6-
in. long), and hung. Frankfurters were smoked
(45 min) to an internd temperature of 156°F.
After smoking, frankfurterswere cooked in hot
water (162°F) to 158°F interndly, cooled in
84°F water for 20 min, and dried at 32°F for 30
min. Frankfurters were vacuum packaged (5
per bag), labeled, and transferred in a cooler
with ice packs to Kansas State University. One
package per trestment was selected for instru-
mental color measurement.  After the initid
measurement, dl samples were displayed under
150 ft-candles of dd uxe warmwhite fluorescent
light. The BOF, BUOF, and BNF were dis-
played frozen (0+3°F), and BNC was dis-
played chilled (35£3°F) in an open-top display
case. Because of limited space, samples were
shingle displayed, except those selected for
instrumental color messurement.

Purge loss, cooking yidd, 2-thiobarbituric
acid reactive substances (TBARS), ingrumenta
color, and nitrosoheme pigments were deter-
mined intidly and a 3, 7, 14, 21, 30, 60, and
90 days. Aerobic plate count (APC), lactic
acid bacteria (LAB), Escherichiacali (E. coli)
and coliforms were evauated initidly before
display and at 30, 60, and 90 days. Frankfurter
pH was measured from the homogenate pre-
pared for microbiologicad andyss. Data were
andyzed as a randomized complete block
design with repeated measures using ANOVA
methods with the mixed procedure of SAS.

Results and Discussion

No differences(P>.05) were noted in batter
pH (5.86-5.98), smokehouse yidd (95.8-
96.3%), protein (13.0-13.4%), fat (18.1-
18.9%), or moigure (61.1-61.8%). Day of
display had no influence (P>.05) on oxidtive
rancidity measured by TBARS (Fig. 1). Upto
30 days, BUOF had the high-
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est (P<.05) TBARS. This might be due to the
higher amount of unsaturated fatty acids in
buffalo mesat compared to beef. At days 60 and
90, the levdls werelower and Smilar to those of
BOF. In dl treatments, L* (instrumentaly
determined lighter color) increased withdisplay
(Fig. 2). After 14 days, the frozen treatments
(BOF, BUOF, and BNF) tended to be much
lighter thanthe chilled treetment (BNC). Ingru-
mentaly determined a* decreased (less red)
with display (Fig. 3). Treatments with NaNO,
(BNF and BNC) were redder (P<.05) than
those without NaNO, (BOF and BUOF).
I nsrumentaly determined b* of frozen treat-
mentsdecreased (lessydlow) withdisplay (Fg.
4). As expected, treatments with NaN O, had
higher cured color intengity than those without
NaNO, (data not shown, reflectance ratio of
650/570). Cured color intensity decreased with
display. Cured color of treatmentswith NaNO.
», Whether displayed frozen or chilled, was not
different. Indl trestments, purgelossincreased
(P<.05) with display (Fig. 5). Cooking yield
(100.1-100.6%) was not influenced (P>.05) by
trestment or day. Through 90 days, dl frozen
treatments had low APCs(1.3-1.51og CFU/qg,
Fig. 6). After 30 days, BNC had higher
(P<.05) APC than frozen treetments. Similarly,
lactic acid bacteriaof BNC were high (P<.05)
after 30 days but low (1.0 log CFU/g) in dl
frozen trestments up to 90 days (Fig. 7). E.
coli/coliforms of dl treatments were estimated
<1.0 log CFU/g. Frozen treatments had no
differences in pH (6.20-6.36) during 90 days
(data not shown). pH of BNC started to drop
after 21 days because of the acids produced by
LAB.

Nitrite-freebeef or beef-buffa o frankfurters
can be displayed frozen up to 90 days, based
on microbid counts; however, diglay life was
limited to 60 days by product color. Inclusonof
buffdo in the formulation did not improve or
adversdy affect physica or microbiologica
quality of nitrite-freefrozen frankfurters. How-
ever, the addition of buffo meat may acceler-
ate oxidative rancidity increases of nitrite-free
frozen frankfurters.



Table 1. Frankfurter Formulation

BOF& BNF&
ltem BUOF BNC
Lean (%) 47.8 47.5 Color L
Fat (%) 285 285 o .
66.0
lce (% 19.1 19.0
( 0) | 24218 g*a‘w
Non meat materials 4.6 5.0 500 A/ o BUOF
(L) 58.0 i
68.0 -
BOF = Beef without NaNO, and displayed 64.0 ——BNC
frozen. 62.0 ————e——————
BUOF = Beef-buffalo without NaNG, and 0 3 7 14 21 30 60 90
displayed frozen. _ Days of Display
BNF = Beef with NaNO, and displayed
frozen.
BNC = Beef with NaNO, and displayed  Figure 2. Color L* of Frankfurters dur-
chilled. ing Display.
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Figurel. TBARSof Frankfurtersduring Figure3. Color a* of Frankfurtersdur-
Display. ing Display.
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Figure 5. Purge Loss of Frankfurters
during Display.
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ESCHERICHIA COLI O157:H7 RISK ASSESSMENT
FOR BLADE-TENDERIZED BEEF STEAKS

R. K. Phebus, H. Thippareddi, S. Sporing,
J. L. Marsden, and C. L. Kastner

Summary

The potential trandocation of E. coli
O157:H7 from the surface to the interior of
whole muscle by blade tenderizationwas evau-
ated. Bedf top Srloin subprimals were inocu-
lated with 10° or 10° cfu/cn? and passed once
through a Ross blade tenderization unit. Core
samples showed a trandocation of 3 to 4% of
surface inoculum to the geometric center of the
subprimd. A second study evaluated thermal
destructionof E. coli O157:H7 inblade tender-
ized (BT) steaks compared to nontenderized
(NT) steaks of three thicknesses when oven-
broiled. Subprimal surfaceswere inoculated to
aleved of 107 cfu/cn? and blade tenderized.
Stesaks cut from these subprimals were oven-
broiled to interna temperatures from 120 to
170°F, then analyzed for surviving E. coli
O157:H7. At interna steak temperatures of
140°F and higher, dl E. coli O157:H7 were
killed in both BT and NT steaks of all thick-
nesses. At 130°F, about 5 log reductions were
noted for both BT and NT. With oven broiling
to even moderate internd temperatures, BT
steaks pose no gresater risk of E. coli O157:H7
infection than NT stesks.

(KeyWords: Blade Tenderization, Beef Steaks,
Risk Assessment, E. coli O157:H7.)

Introduction

Blade tenderization of subprimals offers a
codt-effective way to achieve uniform and
acceptable tenderness in beef cuts. However,
microbiologicad quality and associated hedlth
risks have not been researched thoroughly.
Ground beef generdly is cooked medium to
well-done, because restaurants and consumers
now redlize that E. coli O157:H7 and other
pathogens may be present in the product.
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However, consumers generaly perceive that
intact musde steaks, even when blade tender-
ized, require cooking to lesser doneness. Me-
chanically tenderized steaks could harbor path-
ogenic bacteria internaly, therebyincreasngrisk
of foodborneinfectionif not thoroughly cooked.
Our objectives were to determine the extent to
whichblade tenderizationtrand ocatesmicrobid
contaminationfromthe surface to the interior of
subprimas and to determine cooking parame-
tersrequired to diminate E. coli O157:H7 from
theinterior of blade tenderized steaks.

Experimental Procedures

Penetration of E. coli O157:H7 during
Blade Tenderization

A rifampicinresigant drain of E. coli
0157:H7 (USDA-FSIS 011-82) was grown
and diluted to provide inocula levels of 10° and
10° cfuml. Vacuum-packaged top butt sub-
primas (caps removed) were removed from
packaging, and the inoculum was misted onto
thelr surfacesinan artight chamber. Theinocu-
lated subprimas were stored at 39°F for 30 min
to dlow attachment. Theneach subprima was
passed once through a blade tenderizer (Ross
TC700M, Midland, VA), which produced 32
blade penetrations per sq in.  The unit was
disassembled, cleaned and sanitized after pas-
sage of each subprimd. Tenderized suprimas
were stored in a freezer a 0°F for 3 hours to
crust the surface and facilitate accurate removal
of core samples.

Tenderized subprimds were transferred
asepticaly to dean butcher’s paper with the
inoculatedsidedown. Four coreswere excised
fromeach subprima using serile coring devices
(4in.long, 2 in. diameter),



beginning fromthe noninoculated surface. Meat
cores were removed carefully through the back
opening of the coring deviceto prevent atificia
contamination of the core surface.  Approxi-
mately 2 mm of the noninoculated surface of
each core was trimmed asepticdly, and the
cores were diced asepticaly into four cross-
sectionsof 2,2, 1, and 1 cm.  Cross-sectional
srips were homogenized in 0.1% peptone
diluent (1:5w.v) in a gerile blender jar. Serid
dilutions were plated onto TSA-rif agar to
enumerate E. coli O157:H7 at each core depth.

Deter miningAdequateCooking Temper a-
turesfor BT Steaks

FHve drans of E. coli O157:H7 were
grown, and a mixed-grain inoculum was pre-
paredin0.1% peptone water. Six top butt sub-
primas were migt-inoculated in a sealed cham-
ber to provide 107 cfu/c? on the top exterior
surface. After a 1-hour attachment period at
39°F, three subprimals were blade tenderized
(BT), ad the other three served as inoculated
but nontenderized (NT) controls. Steaks were
cut from each subprimd at thicknesses of 0.5,
0.75, and 1.25 in, and the noninoculated edge
of each steak was trimmed to provide weights
of 5, 8, and 12 oz, respectively. Steaksof each
thicknesswere assgned randomly to one of six
target internd temperatures (120, 130, 140,
150, 160, or 170°F) and cooked under a
typicd kitchen oven broiling dement set at
500°F, which provided anambient temperature
of about 300°F. Stesks were turned after
reaching the mid-point temperature. Internal
temperatures were monitored at 10-sec inter-
vas usng a thermocoupl e threaded through the
steak edge to the geometric center. After
reaching the target internd temperature, steaks
were seded in derile somacher bags, and
placed into an ice bath.

After cdhlling, a cross-section drip was
excised aseptically from the center of each
steak, pardld to the blade penetrations and
representing both the inoculated surface and the
gteak interior. These samples were placed into
sterile blender jars with 0.1% peptone water
(1:5 w:v) and homogenized for 30 sec. Surviv-
ing E. coli O157:H7 were enumerated on
MacConkey Sorbitol Agar
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(MSA) and Phenol Red Sorbitol Agar (PRSA;
to enumerate injured cdls). Log reductions
were cd culated based on andys's of uncooked
steaks from each treatment group. Samples
tesing negdive by plaing were sdectively
enriched and quditaively analyzed by plaing
enrichments onto MSA agar. Presumptive E.
coli O157:H7 colonies were confirmed bio-
chemicaly and serologicaly. Threereplications
were completed.

Results and Discussion

Penetration of E. coli O157:H7 during
Blade Tenderization

Blade tenderization trandocated surface E.
coli O157:H7 throughout the musde interior.
The high-levd surface inoculum (10° cfu/cn?)
resulted in about 3 logs of E. coli O157:H7
being trandocated to a depth of 6 cm into the
subprimd. The geometric center of each core
sample harbored 4 log cfu/g. The low-leve
inoculum (10° cfu/en?) produced Smilartrends;
approximately 1.8 logs were transferred to the
center of thesteaks. Bladetenderization carried
3 to 4% of surface contamination to the center
of the subprimas, regardless of initid surface
contamination level.

Determining AdequateCooking Temper a-
turesfor BT Steaks

Steaks were oven broiled to internd tem-
peratures from undercooked (120°F) to wdl-
done (170°F). No difference (P>0.05) was
noted between BT and NT steaks in E. coli
O157:H7 survivd, except at 120°F internd
temperature, where BT steaks showed less
bacterid reductionthanNT steaks (3.2 and 5.2
log cfu/g respectively). Ataninternd tempera
ture of 130°F, mean log reductions of 5.6 and
5.0 cfu/gfor BT and NT steaks, respectively,
were not different (P>0.05). However, evaua
tion of individua stesks indicated sgnificant
variabilityindegree of kill, particularly inthinner
(lower weight) steeks. This variability in cook-
ingto 130°F could incressethe risks associated
with BT steaks potentidly contaminated inter-
naly withE. coli O157:H7. At temperaturesof
140°F and higher, dl E. coli O157:H7 were
eiminated by oven brailing.



A SURVEY ON THE USE OF BLADE TENDERIZERS
BY BEEF FABRICATION PLANTS

C. D. George-Evins, J. A. Unruh,
J. L. Marsden, and C. L. Kastner

Summary

A questionnaire to determine the use of
blade tenderizers in beef fabrication facilities
was sent to 241 members of the North Ameri-
can Meat Processors Association (NAMP).
Eighty-four percent of the 90 respondents used
blade tenderizers. These subprimals were at
least sometimes tenderized by the following
percentages of respondents: tenderloins, 7.9;
chuck cuts, 18; round cuts, 36; ribeyes, 38;
grip loins, 56; and top drloin butts, 62. If a
processor blade-tenderized a particular cut,
they tenderized a mgjority of their production
for that cut, generdly with multiple passes
through the tenderizer. For example, the 62%
of respondents who tenderized top sirloin butts
tenderized 87% of thar production of that cut
withanaverage of 1.6 passes. Cutswere aged
by 70.7% of respondents that used blade ten-
derizers.  The average aging period was 20
days, and the range was 7 to 60 days. Our
respondents fabricated 75.1% of their beef
products for the hotel/restaurant industry,
13.3% for retail, and 6.0% for other markets
such as export or warehouse didributors.
Blade tenderization is used widdy by NAMP
members, most oftenonribeyes, srip loins, and
top srloin butts, and often combined withaging.

(Key Words. Bedf, Blade Tenderization.)
Introduction

Blade tenderizers, often used by mest
purveyors to improve tenderness, pass smdl,
thin blades verticdly through subprima cuts to
sever connective tissue and muscle fibers. The
extent of blade tenderization use in the industry
has not been surveyed since 1975. The pur-
pose of our survey wasto determine the current
use of blade tenderizers for beef by mesat pur-
veyors, which beef cutsare tenderized, and the
extent of aging prior to tenderization.
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Experimental Procedures

With cooperation of the North American
Meat Processors Association (NAMP), a
guestionnaire was sent to thar 241 members
listed in the 1998 NAMP membership direc-
tory, dong with a cover letter describing the
purpose of the survey. Care was taken to
ensure confidentiality among respondents. A
pre-addressed, stamped envelope was pro-
vided to encourage response.  The question-
naire condsted of the following five questions.

1. Whichof the following does your company
use to tenderize beef products? (Blade
Tenderizer, Cuber, Dicer, Other (please
specify), Do not use)

2. Onwhichcutsmuscle sysems do youusea
mechanica blade tenderizer, how many
passes through the system occur for each
cut/muscle system, and what percentage of
each cut/muscle system is subjected to
mechanicd blade tenderization? (Chuck
muscles, Ribeye, Tenderloin, Strip Lain,
Top Sirloin Butt, Round muscles, Do not
use)

3. Is product aged prior to blade

tenderization?

4. Which USDA qudlity grades do you blade
tenderize?(Prime, Premium Choice, Lower
Choice, Select, Standard, Other)



5. What percentage of your customer baseis
Hotel/Restaurant/Ingtitution, Retail, Other?

Results and Discussion

Out of 241 questionnaires sent, 90 were
returned for a 37.3% return rate. Of the pro-
cessors that responded, 84% used blade
tenderization. In addition, 87% of the respon-
dents used other forms of tenderization, includ-
ing dicers (16%) and cubers (61%).

Eighteen percent of the respondents blade
tenderized 79.6% of their chuck cuts with an
average of 2.1 passes (range, 1 to 5 passes)
through the blade tenderizer (Table 1). Thirty
gght percent blade tenderized 80.8% of their
rib cuts with an average of 1.4 passes (range, 1
to 3 passes); 7.9% blade tenderized 80% of
ther tenderloins an average of 1.6 passes
(range, 1 to 3 passes); and 56.2% bl ade tender-
1zed 85.1% of thar grip loinswithan average of
1.3 passes (range, 1 to 3 passes). However,
the mgority blade tenderized strip loins with
only 1 pass. Sixty two percent blade tenderized
86.9% of their top drloin butts with an average
of 1.6 passes (range, 1 to 3 passes); and 36%
blade tenderized 69.6% of their round product
with an average 1.9 passes (range, 1 to 8
passes).

Table 1. Results of Blade Tenderization Survey?

Of respondents that blade tenderized besf,
71% aged product before it wastenderized for
an average of 20 days (SD=5.8), (range, 7 to
60 days). Grade and percent blade tenderized
were: Prime, 35; Upper Choice, 73.8; Lower
1/3 of Choice, 88.5; Select, 86.8; and Stan-
dard, 86.8. Theseresponsesoften reflected the
quality grades sold by a particular purveyor, but
ahigher percentage of their Select and Choice
products was blade tenderized. For respon-
dents, 75.1% of ther product was processed
for the hotd/restaurant/ingtitution industry,
13.3% for the retall indudry, and about 6.0%
was directed toward other markets such as
export or wholesale warehouses.

Blade tenderi zationand aging oftenare used
to improve beef tenderness and consistency.
Top drloin butts and gtrip loins were the cuts
most often blade tenderized because of cus-
tomer expectation of tenderness. Because top
grloin butt stesks are common menu itemsin
restaurants and are inherently less tender than
steaks from the rib, loin, and tenderloin, blade
tenderization logicaly was used more often for
ths subprimad.  The number of blade
tenderization passes used for different cuts
varied greetly among plants.  Research should
establish the number of blade tenderization
passes and aging periods needed to produce
tender, uniform products from different sub-
primas and quality grades.

Cut/Muscle System
Tender- Strip Top Sirloin
Chuck Rib loin Lain Butt Round

[tem

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

Respondents who use

blade tenderization, % 17.9 - 38.2 -

Product processed, %° 79.631.0 80.829.7 80.031.0

Number of passes® 21 11 14 6

Maximum number

of passes 5 - 3 -

79 - 56.2 - 61.8 - 36.0 -

85.127.3 86.9 251 69.637.3
16 79 13 5 16 6 19 14
3 - 3 3 - 8 -

®Responses from 90 returned questionnaires.

bAverages derived from respondents who blade tenderized this subprimal.
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EFFECTSOF POSTMORTEM AGING PERIOD AND
BLADE TENDERIZATION ON SENSORY
TRAITSOF BEEF STEAKS

C. D. George-Evins, J. A. Unruh,
J. L. Marsden, and C. L. Kastner

Abstract

We used 54 gtrip loins, 54 top sirloin buits,
and 54 ingde rounds, al USDA Choice grade,
to determine the influence of different postmor-
tem aging periods and blade tenderization
passes onsensory pand traits. Cutswere aged
for 7, 14, or 21 days and not tenderized (0X)
or blade tenderized one (1X) or two (2X)
times. All steaks were cooked to 160°F inter-
ndly, and samples were evaluated by atrained
sensory pand for flavor intengty, juiciness,
mydfibrillar  tenderness, connective  tissue
amount, and overdl tenderness. Both longer
aging periods and blade tenderization passes
improved tendernessof drip loinand top srloin
butt steaks without affecting ether flavor or
juiciness, but did not affect tenderness of top
round steaks. Therefore, meat purveyors
should use these technologies to improve ten-
derness and consgtency of drip loin and top
grloin butt stesks.

(Key Words: Beef, Sensory Panel, Blade
Tenderization, Aging, Steek Cuts))

Introduction

Tenderness, flavor, and juicinessof beef are
important paatability factors to consumers.
They are willing to pay a premium for cuts they
know will be tender, flavorful, and juicy. A
challenge of the beef indudtry isto reducevaria-
tion and improve tenderness through ante- and
postmortem technologies. Of beef steaks
regularly offered on higher class restaurant
menus, the top sirloin steak is less tender and
more variable in tenderness, but has the lowest
price. Increased aging is a common postmor-
tem technology used to increase beef tender-
ness. Bladetenderization isanother technology
that canimprove the tenderness of beef through
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disruption of the connective and muscle tissue.
Our objective wasto determine the influence of
different postmortem aging periods and blade
tenderization passes onsensory pane ratings of
Choice grip loin, top srloin butt, and inside
round steaks.

Experimental Procedures

We purchased 54 each of drip loins (IMPS
180), top grloins butts (IMPS 184A), and
indde rounds (IMPS 168), dl USDA Choice,
fromacommercid packing facility. Loinswere
aged for 7, 14, or 21days at 32to 34°F. After
aging, cuts were not tenderized (0X) or passed
through abladetenderizer (model T7001, Ross
Industries Inc., Midland, VA) one (1X) or two
(2X) times. After tenderizing, cutswerewrapp-
ed in plagtic and crust frozenat -35°F for 30 to
40 mininaspird freezer. Longissmus, gluteus
medius, and semimembranosus muscles were
cut into 1-inch-thick steaks, whichwere vacuum
packaged individualy. The steaks were frozen
for 30 to 40 min a -35°F in a spira freezer,
transported to the Kansas State Universty
Meat Laboratory, and stored at -20°F until
andyss.

A steak from each cut was thawed for 24
hours a 37°F. Steaks were cooked to 160°F
interndly in a Blodgett dud-air-flow gas con-
vectionoven prehested to 325°F. Temperature
was monitored by 30-gauge, type-T
thermocouples inserted into the geometric
center of the steak and attached to atempera-
turerecorder. Eachsteak wascut into cubes of
Y5 in. x %2in. x thickness of the cooked steak.
Sensory panel eva uations were conducted inan
environmentally controlled



room partitioned into booths with a controlled
mixture of red light and green light. One orien-
tation sample was evaluated and discussed at
the beginning of each sesson. For each session,
duplicate samples for each of the nine treat-
ments of a Sngle cut were served warm and
evauated by a six-member trained sensory
pand. Order of presentation was randomized
for each pandig within each sesson. Samples
were assessed for 9x sensory attributesusng an
8-point numerica scale evauated to the nearest
5. Sensory traits evaluated were flavor inten-
sty (1=extremey bland to 8=extremely intense),
juiciness (1=extremely dry to 8=extremey
juicy), mycfibrillar tenderness (1=extremely
toughto 8=extremely tender), connective tissue
amount (1=abundant to 8=none), and overdl
tenderness (1=extremely tough to 8=extremely
tender). Datawere andyzed asa 3 x 3 facto-
rid design with main effectsof aging period and
blade tenderization passes usng the GLM
procedure of SAS (1998). All interaction and
man effect meanswereseparated (P<.05) usng
the Least Sgnificant Differenceprocedurewhen
the respective F-tests were significant (P<.05).

Results and Discussion

Ratings for flavor and juiciness for drip loin
(longissmus) steakswereamilar (P>.05) for all
treatments (data not shown). An interaction
(P<.05) of aging period % blade tenderization
was observed for thetendernesstraits eval uated
(Table 1). For steaks aged 7 days, those
tenderized 1X and 2X had higher (P<.05)
ratings for mydfibrillar and overdl tenderness
than steaks not tenderized. For steaksaged 14
days, those blade tenderized 2X had higher
(P<.05) retings for mydfibrillar and overdl
tendernessthanthose in the 0X and 1X groups.
For steaks aged 7 and 14 days, connective
tissue amount ratings were smilar (P<.05)
across dl blade tenderization trestments. For
steaks aged 21 days, those blade tenderized 2X
had higher (more tender, P<.05) ratings for
myoafibrillar and overal tenderness and connec-
tive tissue amount (less connective tissue) than
those blade tenderized 1X. For steaks not
tenderized, those aged 21 days were rated
higher (P<.05) for myadfibrillar tenderness than
those aged 7 and 14 days. For steaks blade
tenderized 1X, those aged 7 days higher
(P<.05) sensory pand ratings for myofibrillar
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and overd| tendernessthanthose aged 14 days.
For steaks in the elther 0X or 1X group, ratings
of connective tissue amount were smilar
(P>.05) across dl postmortem aging periods
(P>.05). For steaksbladetenderized 2X, those
aged 21 days had higher (P<.05) pand ratings
for mydfibrillar and overdl tenderness than
those aged 14 days and had less detectable
connective tissue thanthose aged 7 or 14 days.
Overdl, blade tenderization and longer aging
improved tenderness of gtrip loin steaks.

Sensory panel ratings for top srloin stesk
(duteus medius) flavor and juiciness were
gmilar (P>.05) for dl postmortem aging and
blade tenderi zationtreatments (Table 2). Myo-
fibrillar tenderness ratings were amilar (P>.05)
for dl postmortem aging periods. However,
connective tissue amount and overal tenderness
ratings were higher (P<.05) (less connective
tissue and moretender) for steaksaged 21 days
compared to 7 days. Steaks blade tenderized
1X and 2X had higher (P<.05) scoresfor (more
tender) myofibrillar and overdl tenderness than
steaks not tenderized. Blade tenderization
treatments had similar (P>.05) ratings for con-
nective tissue amount.  Steaks aged 21 days
had higher (P<.05) ratingsfor overdl tenderness
than steaks aged 7 days. Both blade tender-
ization and longer aging could be used to im-
prove tenderness and consistency of top sirloin
butt steaks.

Sensory pand raings for flavor were higher
(P<.05) for ingde round (semimembranosus)
steaks aged 14 days than 7 days and lower
(P<.05) for steakshlade tenderized 2X thannot
tenderized (Table 3). Juiciness ratings for
steaks in the OX and 1X groups were higher
(P<.05) than ratings for those blade tenderized
2X. Thismay have been duepartidly to disrup-
tion of musde tissue and subsequent moisture
loss during either holding before cutting or
cooking. Neither postmortem aging nor blade
tenderization affected (P>.05) sensory panel
ratings for myofibrillar tenderness or overdl



tenderness. Steaks that were blade tenderized  provide a smdl benefit by disupting some
2X tended (P<.08) to have less detectable  connective tissue. However, neither increasing
connective tissue than stesks that were not  the aging time nor blade tenderization passes
blade tenderized. This suggests that blade  providedany substantia benefit insensory panel
tenderization of insde round steaks may traits for ingde round stesks.

Tablel. Sensory Panel Meansfor Strip Loin Steaks as Affected by Interaction of
Different Postmortem Aging Periods and Blade Tenderization Passes

Treatment®
7 days 14 days 21 days
Trait” 0X 1X 2X 0X 1X 2X 0X 1X 2X SE

Myofibrillar  5.47°  6.36% 628 543° 539 6119 6269 567% 674 .19
CT amount 654% 707 683  6.69° 622% 693 7.04¢ 6729 723 .15

Overdl
tenderness 5.63F 6459 6319 564" 546" 625% 6359 588F 681° .19

%Postmortem aging period (days); blade tenderization passes. 0X=not blade tenderized, 1X=1 time,
2X=2 times.

PSensory traits were evaluated on an 8-point scale; (myofibrillar tenderness, 1=extremely tough,
8=extremely tender; connective tissue amount, 1=abundant, 8=none; overal, 1=extremely tough,
8=extremely tender).

cdei\Means within a row with same superscript letter do not differ (P>.05).

Table2. Sensory Panel Means for Top Sirloin Steaks with Different Postmortem Aging
Periods and Blade Tenderization Passes

Aging Period Blade Tenderization?

Trait® 7 days 14 days 21 days 0X 1X 2X SE
Flavor 5.68 5.75 5.61 5.74 5.69 5.60 .04
Juiciness 5.12 5.27 4.94 5.04 5.13 5.15 13
Myofibrillar 4.74 5.15 5.27 457 533 5.26' 17
CT amount 5.71¢ 6.09% 6.29° 5.77 6.18 6.16 15
Overdl

tenderness 5.76° 5.21% 5.42¢ 468 537 5.34' 18

30X =not blade tenderized, 1X=blade tenderized one time, 2X=blade tenderized two times.

PSensory traits were evaluated on an 8-point scale: flavor, 1=extremely bland, 8=extremely intense;
juiciness, 1=extremely dry, 8=extremely juicy; myofibrillar tenderness, 1=extremely tough, 8=extremely
tender; connective tissue amount, 1=abundant, 8=none; overal tenderness, 1l=extremely tough,
8=extremely tender.

¢4\ eans within a row and aging period with same superscript |etter do not differ (P>.05).

®Means within a row and blade tenderization with different superscripts differ (P<.05).

123



Table 3. Effects of Aging Period and Blade Tenderization Passes on Sensory Panel Traits

of Inside Round Steaks

Aging Period Blade Tenderization?

Trait” 7 days 14 days 21 days 0X 1X 2X SE
Flavor 5.51¢ 5.67¢ 5.60% 567° 560 551 04
Juiciness 5.17 5.09 5.06 527° 523 483 12
Myofibrillar 4.62 4.70 4.88 453 4.76 4.90 17
CT amount 4.82 4.93 5.31 4.90 4.87 5.28 15
Ovedl|

tenderness 4.43 453 4.83 4.45 457 478 17

30X =not blade tenderized, 1X=blade tenderized one time, 2X=blade tenderized two times.

PSensory traits were evauated on an 8-point scale: (flavor, 1=extremely bland, 8=extremely intense;
juiciness, 1=extremely dry, 8=extremely juicy; myofibrillar tenderness, 1=extremely tough, 8=extremely
tender; connective tissue amount, 1=abundant, 8=none; overal, 1l=extremely tough, 8=extremely

tender).

¢9Means within a row and aging period with same superscript letter do not differ (P>.05).

®Means within a row and blade tenderization with different superscripts differ (P>.05).
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TRANSLOCATION OF NATURAL MICROFLORA
FROM MUSCLE SURFACE TO INTERIOR BY
BLADE TENDERIZATION

M. N. Hajmeer, E. Ceylan,
J. L. Marsden, and R. K. Phebus

Summary

The effect of blade tenderization on trans-
location of natural microflorafromthe surfaceto
theinterior of longissimus dorsi steaksaged for
7, 14, and 21 days was evaluated. Samples
from the exterior and interior of steaks from
blade-tenderized (BT) and non-blade-tender-
ized (N-BT) gtrip loinswere andyzed for aero-
bic plate, coliform, and Escherichiacoli counts.
Reaults showed that BT trand ocated microor-
ganisms (aerobic plate counts) fromthe exterior
to the interior of muscle. Microorganism num-
bers increased with extended storage (P<.05).
Counts of coliforms and Escherichia coli
recovered from BT steakswere comparable to
those from N-BT steaks because of very low
exterior counts, showingthe importance of good

hygiene.

(Key Words: Blade Tenderization, Beef
Stesks, Microflora Trand ocation.)

Introduction

The meat indudry utlizes severd
tenderi zation techniques induding aging, appli-
cation of proteolytic enzymes, marination,
eectrica gimulaion, flaking and forming, and
mechanicd or blade tenderization. Blade
tenderization improves tenderness of mest,
especidly low grade or cheaper cuts, without
changing other sensory or qudity attributes.
Other tenderization techniques can affect sen-
sory and textural characterigtics of products.

Blade tenderization disrupts the musde
sructure by cutting through musde tissues,
fibers, and connective tissue with sharp-
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edged blades. This penetrating action can
increase tenderness, especialy for meet high in
connective tissue and improve overdl product
uniformity. More passes or larger blade 3ze
may increase tenderness without adverse sen-
sory or bacteriologicd effects. Product life of
vacuum-packaged or frozen, blade-tenderized
(BT) mesat hasbeen comparable to that of non-
blade-tenderized (N-BT) meat when high
hygienic standards were maintained. Microbio-
logical aspects of blade tenderization need
further investigation, because it violaes the
surface of intact muscle, and contaminationmay
be carried from the surface to the interior of
cuts. This experiment examined the effects of
blade tenderization on trandocation of natura
microflora from the surface to the interior of
longissmus dors steaks.

Experimental Procedures

Srip loins (IMPS 180; NAMP, 1997)
conforming to Certified Angus Bef™ (CAB)
Specifications were purchased fromacommer-
cid beef packing facility. Theloins (n=27) were
separated into three groups of nine and aged for
7, 14, or 21 days at 34°F. After aging, loins
from each group were divided randomly into
three sets of three. One set of loins was BT
using a Ross™ tenderizer (model T7001, Ross
Industries Inc., Midland, VA) by passing each
of the lains one time (1X) through the tender-
izer, another set was passed two times (2X),
and the third served asthe N-BT control (0X;
no blade passes). The tenderizer gave an aver-
age penetration dengty of 32-36 punctures per
sguare inch per blade pass. Following treat-
ment, the loins were crugt frozen for 30-40 min
at —35°F in a spird freezer. Loins were fabri-
cated into 1-inch-thick steaks using



an automatic spird dicer. Steaks were vacuun-
packaged individudly and stored at —20°F until
microbid analyses.

Longissimus dors (LD) steaks were
thawed at 40°F for 12 hours prior to microbio-
logicd analyses. Each steak was removed
asepticaly fromitspackage, and a 1-inch-thick
sample a a cutting angle perpendicular to the
muscle grain was removed using a derile san-
less stedl coring device (2-in. diameter). The
sample was cut horizontdly into three equa
portions (each 1/3-in. thick); top, mid, and
bottom. The top and bottom portions repre-
sented the upper and lower exterior surfaces of
the steak that had been exposed to the packag-
ing materid. The midde portion represented
musdle interior that was not exposed to the
outs de environment until removed for microbid
anayses. Each sample washomogenizedin 50
ml of 0.1% peptone water for 2 min usng a
stomacher. Serid dilutions were made usng 9
m of 0.1% peptone water. Aerobic plate
counts were determined usng 3M Petrifilm™
Aerobic Count Plates (3M, St. Paul, MN)
incubated at 95°F for 48 hrs. Coliforms and E.
coli were determined usng 3M Petrifilm™ E.
coli Count Platesincubated at 95°F for 24 hrs.

A qolit plot experimental desgnwas used to
seect for treatments in which storage time

and number of blade passes represented the
whole plot, and sampling location was the Solit
plot. Data were anadyzed usng PROC GLM
and MIXED of the Statistical Andyss System.
Differences among least square means were
determined at P<.05. All experiments were
replicated three times.

Results and Discussion

Aerobic plate (APC), cdliform, and E. coli
countsincreased (P<.05) withagingtime (Table
1). Also, APC, coliform, and E. coli counts
from the exterior (upper plus lower) of musde
were higher (P<.05) than those from the inte-
rior, but very low. Counts of E. coli and
coliforms recovered from BT steaks (1X and
2X) at 7, 14, or 21 d of aging were comparable
(P<.05) to counts recovered from non-
tenderized (OX; N-BT) steaks. Total APC
indicated some trand ocation of microorganisms
fromthe exterior to the interior (P<.05), and this
trand ocationwas more pronounced withlonger
aging. No interactions (P>.05) were found
among storage time, trestment (tenderization),
and sampling location.  Sanitation, proper
handliing, and good hygiene practices, which
result in low surfacemicrobia counts and clean
tenderizer blades, are important to avoid
trandocation of bacteria during blade tender-
izetion.

Tablel. Average Microbial Counts (log,, CFU/cm?) for Blade Tenderized (1X, 2X) and
Non-Tenderized (0X) longissimus dors Steak st?
Aging  Blade APC E. coli Coliforms
(Days) Passes Exterior Interior Exterior Interior Exterior Interior
7 (0% 1.36+1.92 0.82+1.15 NG NG 0.29+0.0 0.58 +0.35
1x 154 +0.41 048+0.03 0.15+0.21 0.12+0.16 0.36+0.51 0.21 +0.30
1.80+1.57 1.21+1.25 NG NG NG 0.24 +0.34
14 (0% 1.21 +0.23 0.67 +0.02 NG NG NG 0.13 +0.0
1.88+0.07 1.03+0.33 0.18+0.18 NG 0.15+0.21 NG
2X 2.36 +0.34 1.32 +0.27 NG NG 0.07 £0.09 NG
21 (0% 2.65+0.17 0.92+0.42 0.18 +0.25 NG 0.12 +0.16 NG
1x 2.17 +0.78 0.89 +0.33 NG NG 0.18 +0.26 NG
2X 2.67 +0.08 1.74 +0.54 NG NG 0.35 +0.30 NG
Standard Error
(STD) 0.60 0.45 0.09 0.14 0.14 0.14

1 = Microbia counts reported are means + standard deviations (n=3).
2 = NG: No Growth.
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EFFECTSOF QUALITY GRADE, AGING PERIOD,
BLADE TENDERIZATION, AND DEGREE OF DONENESS
ON TENDERNESS OF STRIP LOIN

C. D. George-Evins, J. A. Unruh,
J. L. Marsden, and C. L. Kastner

Summary

We used 162 drip loins to determine the
influence of different quality grades, aging peri-
ods, blade tenderization passes, and degree of
doneness on thawing and cooking loss and
Warner-Bratzler shear force (WBS, tender-
ness). Seect (SEL), Choice (CHO), and
Certified Angus Beef ™ (CAB) strip loinswere
aged for 7, 14, or 21 days and not tenderized
(OX) or blade tenderized one (1X) or two (2X)
times. Steaks from each srip loin were as-
dgned randomly to find endpoint cooking
temperatures of 150, 160, and 170°F. For
stesks aged 7 days, dl quality grade and blade
tenderization treatments had similar (P>.05)
WBS. For steaks aged 14 days, CHO steaks
had lower (P<.05) WBS than SEL steaks,
CAB tended (P=.07) to have lower WBS than
SEL, 2X steaks had lower (P<.05) WBS than
1X steaks, and 1X steaks had lower (P<.05)
WBS than 0X steaks. For steaks aged 21
days, CAB steaks had lower (P<.05) WBS
than CHO steaks, CHO stesks had lower
(P<.05) WBS than SEL stesks, and 2X steaks
had lower (P<.05) WBS than 1X steaks.
Among the 0X and 2X groups, CAB and CHO
steaks had lower (P<.05) WBS than SEL
steaks. For the 1X group, only CAB steaks
had lower (P<.05) WBS than SEL steaks.
Blade tenderizationimproved tendernessof srip
steaks but should be combined withhighquality
grades, incressed aging, and lower endpoint
cooking temperatures to achieve maximum
tenderness.

(Key Words: Besef, Tenderness, Blade Tender-
ization, Aging, Qudity Grade.)
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Introduction

Tenderness is one of the most important
pa atability factorsto beef consumers. Inconss-
tent and inadequate tenderness isamajor con-
cern of the beef industry. A challenge of the
industry is to incorporate technologies that
reduce variation and improve tenderness.
Different quality grades, aging periods, blade
tenderization passes, and endpoint cooking
temperatures can affect tenderness.  Our ob-
jective was to determine the influence of these
variables on tenderness of drip loin steaks.

Experimental Procedures

We purchased 162 strip loins (IMPS 180)
from a commercid packing fadlity, 54 USDA
Sdlect (SEL), 54 USDA Choice (CHO), and
54 Certified Angus Beef (CAB). They were
aged for gpproximatdy 7, 14, or 21days at 32
to 34°F. After aging, strip loins were not ten-
derized (OX) or passed through a blade tender-
izer (modd T7001, Ross Indudtries Inc., Mid-
land, VA) one (1X) or two (2X) times, then
wrapped infilmand crust frozenat -35°F for 30
to 40 minin a spird freezer. Strip loins were
cut into 1-inch- thick grip loin (longissmus
muscle) steeks, individudly vacuum packaged,
and frozen for 30 to 40 min at -35°F in the
soird freezer. Frozen steaks were transported
to theKansas StateUniverstyMeat L aboratory
and gtored at -20°F until anaysis.

Steaksfromeach drip loinwereassgned to
endpoint cooking temperatures of 150, 160 and
170°F, representing medium rare, medium, and
wedl done. Steakswere thawed for 24 hours at
37°F and cooked in a Blodgett dual-air-flow
gas convection oven



preheated to 325°F. Temperature was moni-

tored by 30-gauge, type-T thermocouples
inserted into the geometric center of steaks and
atached to a temperature recorder.  After
cooking, steeks were stored overnight at 37°F.

A minmumof sx 1/2-inch-diameter coreswere
taken pardld to the muscle fiber orientation.

Cores were sheared perpendicular to the mus-

de fiber orientation usng an Instron Universal
Teding Machine with a V-shaped blade on a
Warner-Bratzer Shear (WBS) attachment.
Thaw weight loss was analyzed as a 3x3x3
factorial design using the GLM procedure of
SAS (1998). Cooking loss and WBS were
andyzed asa 3x3x3 factorid design with agplit
plot using the Mixed procedure of SAS (1998).
Main effects were grade, aging period, and
blade tenderization passes with endpoint cook-

ing temperature sarving as the it plot. All

interaction and main effect means were sepa-

rated (P<.05) usng the Least Sgnificant Differ-
ence procedure when the respective F-tests
were sgnificant (P<.05).

Results and Discussion

Percentages of thawing loss were dightly
higher (P<.05) for SEL steaks than CHO or
CAB steaks and for steaks aged for 14 days
than 7 and 21 days (data not shown). As
endpoint temperature increased (Table 1),
percentage of cooking loss increased (P<.05).
A qudlity grade x blade tenderizationinteraction
(P<.05) was observed for cooking loss (Teble
2). For CAB steaks, steaks blade tenderized
2X had more (P<.05) cooking loss than steaks
blade tenderized 1X and tended to have more
(P=.05) cooking loss than untenderized steaks.
However, number of passes through the blade
tenderizer did not (P>.05) influence cooking
loss for SEL and CHO steaks. For the OX
group, CHO steaks had more (P<.05) cooking
loss than CAB steaks. For the 1X group, SEL
and CHO steaks had more (P<.05) cooking
loss than CAB steaks. For the 2X group, SEL
steaks had more (P<.05) cooking loss than
CHO steaks.

Interactions (P<.05) of USDA qudlity grade
x blade tenderization x aging period, and aging
period x blade tenderization (Teble 2) were
observed for WBS. Sdlect stesks had smilar
(P>.05) WBS vaues regardiess of treatment.
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Choice steaks blade tenderized 2X had lower
(P<.05) WBS vaues than CHO steaks not
tenderized or blade tenderized 1X. Further-
more, CAB steaks blade tenderized 2X had
lower (P<.05) WBS values than CAB stesks
not tenderized and tended (P=.08) to have
lower WBS vdues than those tenderized 1X.
Oveadl, CAB and CHO steaks blade tender-
ized 2X had lower (more tender) WBS vaues
(<2.8 kg) than the other qudity grade x blade
tenderization combinations.

For steaks aged 7 days, WBS values were
gmilar (P>.05) among dl quality grades. For
steaks aged 14 days, CHO steaks had lower
(P<.05) WBS vdues than SEL steaks, and
CAB stesks tended (P=.07) to have lower
WBS vaues than SEL steaks. Findly, for
steaks aged 21 days, CAB steaks had lower
(P<.05) WBS vduesthaneither CHO or SEL,
and CHO steaks had lower (P<.05) WBS
vauesthan SEL steaks. The CAB steaksaged
21days had the lowest (most tender, P<.05)
WBSvauescompared to dl other quditygrade
x aging period means. Only the CAB and
CHO steaksaged for 21 days had WBS vaues
less than 6.6 Ibs (3 kg). Overdl, the higher
qudity grade steaks aged for 21 days had the
highest probability of being tender.

Steaks aged 7 days had gmilar (P>.05)
WBS vduesfor dl treatments. For steaksaged
14 days, the 2X group had lower (P<.05) WBS
vaues than the 0X and 1X groups, and the 1X
group had lower (P<.05) WBS vaues than the
0X group. For steaks aged 21 days, the 2X
group had lower (P<.05) WBS vadues than the
1X group. Overdl, the improvement in WBS
for increased blade tenderizationwas observed
only for steaks aged 14 days. However, steaks
blade tenderized 2X and aged for 21 days had
the lowest (most tender) WBS mean.

Asendpoint cookingtemperatureincreased
(Table 1), WBS vauesincreased (P<.05). Our
results indicate a strong relationship between
increasing endpoint cook-



ing temperature and increased toughness of strip
steaks. When muscle is heated, the muscle
fibers shrink and become tougher.

A WBSvdue of 6.6 Ibs (3 kg) or lesswill
have a 100% consumer acceptance rating for
tenderness. Certified Angus Beef™ steaks
aged 21 days and blade tenderized 2X included
only one above 6.6 Ibs

(Table 3). High qudity (CAB) combined with
longer aging (21 days) and dso high qudity
grades (CHO and CAB) combined with blade
tenderizing 2X maximized tenderness of loin
grip steaks. Purveyors could select CAB strip
loins, age them for at least 21 days, and blade
tenderize them 2X to guarantee tenderness.
This combination could judify an “dways ten-
der” statement on the product.

(3 kg) a any endpoint temperature studied

Tablel. CookingLossandW ar ner-Bratzler Shear (WBS) ForceM eansof Strip Loin
Steaks at Different Endpoint Cooking Temper atures

[tem Endpoint Cooking Temperature, °F

150 160 170 SE
Cooking loss, % 20.34° 24.13° 29.71¢ 27
WBS, kg 2.74 3.04° 3.41¢ .05

3Blade tenderization* endpoint cooking temperature interaction.
bcdMeans within arow with different superscripts differ (P<.05).

Cooking Loss (CL) and Warner-Bratzler Shear (WBS) Means of Strip Loin
Steaks as Affected by Interactions (P<.05) of Different Quality Grades, Aging
Periods, and Blade Tenderization Passes®

Table 2.

Quality Grade / Blade Tenderization Passes

SEL CHO CAB
Item 0X 1X 2X 0X 1X 2X 0X 1X 2X SE
CL, % 2z¥.6°de 2557 257 2547 24.9¥ 2420% 2389 232 252% 52
WBS, kg 3279 3249 3289 302 3209 272 306% 298%® 277 .09
Quality Grade / Aging Period
SEL CHO CAB
7d 14d 21d 7d 14d 21d 7d 14d 21d SE
WBS, kg 310° 336 333"  301% 310° 2829 307° 314 259° 09
Aging Period / Blade Tenderization Passes
7 days 14 days 21 days
0X 1X 2X 0X 1X 2X oX 1X 2X SE
WBS, kg 2959 312% 311%® 349" 320° 2929 2919 310%® 274° .09

Quality Grades (SEL=Select, CHO=Choice, CAB=Certified Angus BeefO); Blade Tenderization
(OX=not blade tenderized, 1X=blade tenderized one time, 2X=blade tenderized two times).
cd.ef9\ eans within a row with different superscripts differ (P<.05).
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Table3. Number of Strip Loin Steaks with Warner-Bratzler Shear Force Values Greater
than 6.6 Ibs (3 kg)

Blade Cooked SEL? CHO CAB
Tend. Temp., °F 7° 14 21 7 14 21 7 14 21 Total
OX 150 2d 4 2 3 3 1 2 3 1 21
160 2 6 5 2 2 1 4 4 0 26
170 2 6 5 4 6 3 2 6 2 36
1X 150 3 2 3 2 2 2 2 1 1 18
160 3 4 4 2 5 4 4 4 1 31
170 5 5 6 3 5 6 4 4 2 40
2X 150 1 2 2 1 0 0 3 1 0 10
160 4 4 4 2 1 1 3 1 0 20
170 4 5 4 4 4 3 5 3 1 33
Total 26 38 35 23 28 21 29 27 8 235

8SE| =Select, CHO=Choice, CAB=Certified Angus Beef Program™.

boxX=Not blade tenderized, 1X=Blade tenderized once, 2X=Blade tenderized twice.
‘Aging Days.

9n=6 for each cell; atotal of 486 steaks is represented in this table.
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EFFECTSOF QUALITY GRADE, AGING PERIOD, BLADE
TENDERIZATION, AND DEGREE OF DONENESS ON
TENDERNESS OF TOP SIRLOIN BUTT STEAKS

C. D. George-Evins, J. A. Unruh,
J. L. Marsden, and C. L. Kastner

Summary

We used 162 top Sirloin butts to determine
the influence of different quaity grades, post-
mortem aging periods, blade tenderization
passes, and degree of doneness on thawing and
cooking lossesand Warner-Bratzler shear force
(WBS, tenderness). Sedlect (SEL), Choice
(CHO), and Certified Angus Beef™ (CAB) top
grloin butts (n=54 for each) were aged for 7,
14, or 21 days and not tenderized (OX) or
blade tenderized one (1X) or two (2X) times.
Steaksfromeach top srloin butt were assgned
randomly tofina endpoint cookingtemperatures
of 150, 160, and 170°F. Each longer aging
period resulted in lower (P<.05, more tender)
WBS. In addition, steaksblade tenderized 2X
had lower (P<.05) WBS than steaks not ten-
derized or blade tenderized 1X. Within each
quality grade, WBS increased (P<.05) as
endpoint cooking temperatureincreased. When
cooked to 160 or 170°F, CHO and CAB
steaks had lower (P<.05) WBS than SEL
steaks. Increased aging periods and blade
tenderization passes of top Srloin butt steaks
improved tenderness. When cooking to higher
endpoint temperatures, using higher quality
grades will minimize toughness caused by cook-
ing.

(Key Words. Beef, Tenderness, Blade
Tenderization, Aging, Quality Grade)

Introduction

Of beef steaks regularly offered on restau-
rant menus, the top drloin steak is less tender
and more variable in tenderness and generaly
has the lowest price. Different qudity grades,
aging periods, blade tenderization passes, and
endpoint cooking temperatures can contribute
to tenderness. Our objective was to determine
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the influence of these variables on tenderness of
top srloin butt steaks.

Experimental Procedures

The procedures for this study followed
thosedescribedinthe previous paper (drip loin,
pg. 127), except we used 162 top srloin butts
(IMPS 184A) to obtain top butt (gluteus
medius) steaks.

Results and Discussion

Thawing and cooking losses were Smilar
(P>.05) for dl qudity grade and blade
tenderization trestments (Table 1). However,
steaks aged 7 days had greater (P<.05) thawing
lossthan steaks aged 21 days. Steaksaged 14
and 21 days had more (P<.05) cooking loss
than those aged 7 days. In addition, for each
increasein endpoint cooking temperature (150,
160 and 170°F), cooking losses increased
(P<.05; 26.3, 31.0 and 35.1%, respectively).
Steaks aged 21 days had lower (more tender,
P<.05) WBS vauesthan those aged 14 and 7
days (Table 1). Furthermore, steaks aged 14
days had lower (P<.05) WBS vaues than
steaks aged 7 days. Steaks blade tenderized
2X had lower (P<.05) WBS vdues than stegks
not tenderized or blade tenderized 1X. These
results show that blade tenderization and aging
can lower WBS. Our results suggest that for
maximum tenderness, top grloin butt steaks
should be aged at least 21 days and blade
tenderized 2X.

A qudlity grade x endpoint cooking temper-
ature interaction (P=.05) was detected for
WBS (Table 2). Within each qudity



grade, asendpoint temperatureincreased, WBS
vauesincreased (P<.05). For steaks cooked
to 150°F, WBS va ues wereamilar (P>.05) for
al qudity grades. For those cooked to 160 and
170°F, CHO and CAB steaks had lower
(P<.05) WBS vduesthan SEL steaks. Higher
qudity grades (CHO and CAB) provided some
protection againgt toughening a higher degrees
of doneness.

For foodservice, aWBS of 8.6 Ibs (3.9 kg)
has been used as a threshold to predict arating
of at least “dightly tender”. Select steaks aged
14 or 21 days, blade tenderized 2X, and
cooked to 150°F had no tough stesks with
WBS values above 8.6 Ibs (Table 2). Choice
steaks aged 14 or 21 days, blade

Table 1.

tenderized 2X, and cooked to ether 150 or
160°F and CAB steaks aged 21 daysand blade
tenderized 1X or 2X, regardless of degree of
doneness, had no steaks above 8.6 |bs WBS.

Top grloin butt steaks cooked to lower
endpoint temperatures (150°F) were more
tender than those cooked to higher tempera-
tures (160 and 170°F). Higher quaity grades
(CHO and CAB) minimized the toughening by
higher endpoint cooking temperatures and
provided tenderness "insurance”. Longer aging
and more blade tenderization passesimproved
tenderness and condstency of top drloin butt
steaks.

Thawing Loss, Cooking Loss, and Warner-Bratzler Shear (WBS) Force Means

of Top Sirloin Steaks for Different Quality Grades, Postmortem Aging Periods,

and Blade Tenderization Passes?

USDA Quality Aging, Blade
Grade Days Tenderization
Item SEL CHO CAB 14 21 (0),¢ 1X 2X SE
Thawing loss, % 196 184 170 217 1.829 1529 201 1.90 159 .13
Cooking loss, % 308 304 30.8 29.8 313 309 30.5 30.7 30.8 .30
WBS, kg° * * * 396f 3649 347" 387 376 343 .05

Quaity Grades (SEL=Select, CHO=Choice, CAB=Certified Angus BeefO); Blade Tenderization
(OX=not blade tenderized, 1X=blade tenderized one time, 2X=blade tenderized two times).

®Quality Grade* Endpoint Cooking Temperature interaction.

"9\ eans within a row and postmortem age with different superscripts differ (P<.05).

"IMeans within a row and blade tenderization with different superscripts differ (P<.05).
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Table2. Warner-Bratzler Shear (WBS) Force Means of Dp Sirloin Butts as Affected by
Interaction of Different USDA Quality Grades and Endpoint Cooking

TemEeratures

Grade® 150°F 160°F 170°F SE
SEL 3.29° 4.12% 4.31% 07
CHO 3.25° 3.69¢ 3.96% 07
CAB 3.14° 3.56% 3.90% .07

4SEL =Select, CHO=Choice, CAB=Certified Angus Beef ™.
b.¢.d\ eans within a row with different superscripts differ (P<.05).
M eans within a column with different superscript differ (P<.05).

Table3. Number of Top Sirloin Butt Steaks with Warner-Bratzler Shear Force Values
Greater than 8.6 Ibs (3.9 kg)

SEL? CHO CAB
BT Cooked

Treatment® Temp., °F 7° 14 21 7 14 21 7 14 21 Totd

150 3 1 1 1 1 1 0 0O 1 9

0X 160 6 5 5 3 0 2 3 0O 1 25

170 6 6 3 5 5 2 5 1 4 37

150 0 1 1 1 1 0 1 1 0 6

X 160 5 4 3 4 2 1 3 1 0 28

170 4 5 3 4 2 3 1 2 0 24

150 1 0 0 1 0 0 1 0 O 3

2X 160 4 3 1 1 0 0 2 1 0 12

170 4 4 1 1 3 1 4 3 0 21

Total 33 29 18 21 14 10 20 9 6 160

aSEL =Select, CHO=Choice, CAB=Certified Angus Beef ™.

b0X=Not blade tenderized, 1X=blade tenderized one time, 2X=blade tenderized two times.
°Day of postmortem aging.

“n=6 for each cell; atotal of 486 steaksis represented in this table.
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EFFECTSOF QUALITY GRADE, AGING PERIOD, BLADE
TENDERIZATION, AND DEGREE OF DONENESS ON
TENDERNESS OF INSIDE ROUND STEAKS

C. D. George-Evins, J. A. Unruh,
J. L. Marsden, and C. L. Kastner

Summary

We used 162 ingderoundsto determinethe
influenceof different qudity grades, postmortem
aging periods, blade tenderization passes, and
degree of doneness on thawing and cooking
losses and Warner-Bratzler Shear force (WBS,
tenderness). Select (SEL), Choice(CHO), and
Certified Angus Besf™ (CAB) indde rounds
wereaged for 7, 14, or 21 days and not tender-
ized (OX) or blade tenderized one (1X) or two
(2X) times. Stesks from each insde round
were assigned randomly to finad endpoint cook-
ing temperatures of 150, 160, and 170°F.
Percentage of thawing loss was higher (P<.05)
for steaks aged 7 days than steaks aged 14 and
21 days. For CHO stesks only, cooking loss
was higher (P<.05) for the 2X group compared
tothe OX and 1X groups. Stesks aged 14 and
21 days had lower (P<.05) WBS than steaks
aged 7 days. Cooking loss and WBS were
higher (P<.05) with each increase in endpoint
cooking temperature. Postmortem aging (14 or
21 days) and lower endpoint cooking tempera:
tures were the mogt effective methods to im-
prove WBS of insde round steaks.

(Key Words. Beef, Tenderness, Blade
Tenderization, Aging, Quality Grade)

Introduction

Cuts from the round are geneadly less
tender than those from the rib and loin. This
presents a merchandisng chalenge. Different
qudity grades, aging periods, blade
tenderization passes, and endpoint cooking
temperatures may affect tenderness.  Our
objective was to determine the influence of
these variables on tenderness of indde round
steaks.
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Experimental Procedures

The procedures for this study followed
those described in aprevious article (drip loin,
pg. 127), except we used 162 indde rounds
(IMPS 168) to obtain inside round
(semimembranosus) stesks.

Results and Discussion

Thawing losses were smilar  (P>.05) for
steaks of dl quality grades and blade ten-
derization treatments (Table 1). Steaks aged
14 and 21 days had less (P<.05) thawing loss
than steaks aged 7 days. Cooking losseswere
amilar (P>.05) for dl posmortem aging peri-
ods. A USDA quality grade x blade tender-
ization interaction (P<.05) was observed for
cooking loss (Teble 2). For SEL and CAB
steaks, cooking losswassmilar (P>.05) anong
blade tenderizationtreatments. However, CHO
steaks tenderized 2X had greater (P<.05)
cooking loss than CHO steaks not tenderized.
For the OX group, SEL steaks had more
(P<.05) cooking loss than CHO and CAB
steaks. However, qudity grade treatments had
amilar (P>.05) percentages of cooking losses
for steaks blade tenderized either 1X or 2X.
Warner-Bratzler Shear vdues (WBS) were
amilar (P>.05) for qudity grades and blade
tenderizationtreatments (Table1). Steaksaged
14 or 21 days had lower (P<.05) WBS vaues
than those aged 7 days. As endpoint cooking
temperature increased (Table 3), percentage of
cooking loss and WBS increased (P<.05).



For foodservice, aWBS of 8.6 1bs (3.9 kg)
has been used as a limit for arating of at least
“dightly tender”.  Although many treatment
combinations had steaks that didn't meet this
limit (Table 4), increasngendpoint temperatures
resulted in increasing numbers of stesks with
WBS over 8.6 Ibs. The CAB grade had fewer
steaks with WBS vaues above 8.6 |bs than
CHO or SEL grades, and steaks blade tender-
ized 2X had fewer vdues above this limit than
steaks in the OX or 1X groups. Select and
Choice stesks aged 14 or

Table 1.

21 daystended to have fewer steakswithWBS
values above 8.6 Ibs than steaks aged 7 days.

Qudity grade and blade tenderizationtreat-
ments had minimd effect ontenderness (WBS)
of indde round (semimembranosus) steaks.
Aging for at least 14 days and lower endpoint
cooking temperatures (150°F) were the most
effective ways to improve tenderness (WBS).

Thawing Loss, Cooking Loss, and Warner-Bratzler Shear Force (WBS) Means of

Insde Round Steaks for Different Quality Grades, Aging Periods, and Blade

Tenderization Passes?

Quality Grade Aqging Period, days Blade Tenderization
ltem SEL CHO CAB 7 14 21 0X 1X 2X SE
Thawing loss, %  1.93 1.83 172 237° 162° 147° 207 172 168 .15
WBS, kg 369 371 358 3.84° 359° 355° 374 367 358 .06

%Quality Grades (SEL=Select, CHO=Choice, CAB=Certified Angus Beef™);

Blade Tender-ization

(OX=not blade tenderized, 1X=blade tenderized one time, 2X=Dblade tenderized two times).
b.9\leans within a row within postmortem age with different superscripts differ (P<.05).

Table2. CookingL ossMeansoflnsideRound SteaksasAffectedby | nteraction of
USDA Quality Grade and Blade Tenderization

Blade Tenderization Treatment?®
Grade? 0X 1X 2X SE
SEL 31.81° 31.09 30.80 51
CHO 29.44¢ 31.05% 31.56¢ 51
CAB 30.16' 30.68 31.29 51

40X = not blade tenderized, 1X=blade tenderized one time, 2X=blade tenderized two times.
PSE| =Sdlect, CHO=Choice, CAB=Certified Angus Beef ™.

M eans within CHO row with same superscript |etter do not differ (P>.05).

®Means within a column with different superscripts differ (P<.05).
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Table3. Cooking L ossand Warner-Bratzler Shear Force(WBS) M eansof InsdeRound
Steaks at Different Endpoint Cooking Temperatures

Endpoint Cooking Temperature, °F

Item 150 160 170 SE
Cooking loss, % 25.312 31.11° 36.20° 27
WBS, kg 3.28° 373 3.97° .05

ab.a\eans within a row with different superscripts differ (P<.05).

Table4. Number of Inside Round SteakswithW ar ner -Br atzler Shear For ce Values
Greater than 8.6 Ibs (3.9 kg)

BT Cooked SEL? CHO CAB
Treatment® Temp., °F 7 14 21 7 14 21 7 14 21  Totd
150 0 2 0 1 0 O 0O 1 1 5
0X 160 3 4 3 5 0 3 2 2 1 23
170 4 4 3 5 4 3 3 4 2 32
150 2 0O O 2 0 O 0O 2 1 7
X 160 2 2 4 3 4 2 1 2 2 22
170 3 1 4 5 5 4 3 3 5 33
150 0 0O O 3 1 O 1 0 O 5
2X 160 3 1 1 3 1 O 1 0 2 12
170 5 2 3 3 2 1 2 1 1 20
Total 2 16 18 30 17 13 13 15 15 159

8SEL =Sdect, CHO=Choice, CAB=Certified Angus Beef ™.
bOX = not blade tenderized, 1X = blade tenderized one time, 2X = blade tenderized two times.
“Days of pogmortem aging.
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BIOLOGICAL VARIABILITY AND STATISTICAL EVALUATION OF DATA

The variability among individual animals in an experiment leads to problems in interpreting the
results. Animas on treatment X may have a higher average daily gain than those on treatment Y, but
variability within the groups may indicate that the difference between X and Y is not the result of the
treatment alone. You can never be totaly sure that the difference you observe is due to the treatment,
but statistical analysis lets researchers calculate the probability that such differences are from chance
rather than from the treatment.

In some articles, you will see the notation "P<.05." That means the probability that the
observed difference was due to chance is less than 5%. If two averages are said to be "significantly
different,” the probability is less than 5% that the difference is due to change— the probability exceeds
95% that the difference is true and was caused by the treatment.

Some papers report correlations — measures of the relationship between traits. The
relationship may be positive (both traits tend to get larger or smaler together) or negative (as one gets
larger, the other gets smaller). A perfect correlation is either +1 or —1. If there is no relationship at
al, the correlation is zero.

You may see an average given as 2.5+ .1. The 2.5 is the average; .1 is the "standard error."
That means there is a 68% probability that the "true” mean (based on an unlimited number of animals)
will be between 2.4 and 2.6. "Standard deviation” is a measure of variability in a set of data. One
standard deviation on each side of the mean is expected to contain 68% of the observations.

Many animals per treatment, replicating treatments several times, and using uniform animals
dl increase the probability of finding real differences when they actually exist. Statistical analysis
allows more vdid interpretation of the results, regardiess of the number of animals in an experiment.
In the research reported herein, statistical analyses are included to increase the confidence you can
place in the results.

In most experiments, the statistical analysis is too complex to present in the space available.
Contact the authors if you need further statistical information.

WEATHER DATA, 1998-1999

On the following page are graphs of the 1998 and 1999 Manhattan weather. They were
produced by the Kansas State University Weather Data Library. The smooth line that starts in the
lower left corner of each graph is the normal accumulated precipitation since January 1. The rough
line starting in the lower left corner represents actual accumulated precipitation. A long horizontal
section of that line represents time during which no precipitation fell. A vertical section represents
precipitation. The other two smooth lines represent average daily high and low temperatures, and the
rough lines represent actual highs and lows.

These graphs are included because much of the data in this publication, especialy data on

animal maintenance regquirements and forage yields, can be influenced by weather. Westher graphs
have been included in Cattlemen's Day publications since 1985.
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