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EFFECTS OF ENERGY LEVEL, PROTEIN LEVEL AND PROTEIN
SOURCE ON STEER FEEDLOT PERFORMANCE!
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Scventy-nine Angus X Hereford crossbred steers (avg. wi. 348 kg) were used to
determine the clfects of encrgy level, protein level and protein source on perfor-
mance of growing steers. The cxperiment was a completely randomized 2 x 2 X 2
factorial. Dict main effects were: low cnergy (70% cusiled corn stover) vs high cn-
ergy (46% censiled corn stover); low protein (9.5%) vs high protein (12%); and soy-
bean meal vs blood meal. Steers were housed and fed individually during the 50 day
growth trial. No intcractions (P<0.01) were detected among energy level, protein
level or protein source. High cnergy dicts improved (P<(.01) rale of gain 62% and
feed inlake 21% comparcd 1o low energy dicts. Increasing protein level improved
(P<0.03) rate of gain by 20% and feed intakc by 5.4%. Use of blood meal, which is
4 high ruminal escape protcin supplement, increascd (P <0.15) rate of gain by 9%
without affecting feed intake compared to supplemental soybean meal. Results of
this trial supgest that increasing protein level to 12% of the dict and the use of a
ruminal escape protein source improves performance of sicers when they are fed

dicts conlaining 46 Lo 70% corn slover,
INTRODUCTION

Effects of feeding ruminants protein
sources dilfering in ruminal degradability
have been reviewed (Chalupa, 1973; Clark,
1975). A substantial amount of research on
ulilization of slowly degradable protein
sources has been conducted (Merchen ef ¢l
1979; Stock and Klopleastein, 1979; Locrch
et al, 1983). Perlormance was bmproved
when growing cattle were fed medium en-
ergy diets supplemented with slowly degrad-
able protein sources. However, when low or
high encrgy diets were led, cattle olten did
not respond {o protein sources which escape
ruminal degradation. Interactions of dictary

energy level and rumen protein degradation
were reporied by Loerch and Berger (1981).
They suggested that soybean meal degrad-
ability in the rumen is reduced to a level
similar 10 that of mecal and bone meal when
high energy dicts are led. In another study,
Loerch (1985) reported the cffect of meat
and bone meal supplementation of dicts
varying in level of cnergy and suggested that
slowly degradable protein sources arc not
cllective in improving caltle performance
unlcss protein is the limiling factor for
growth. Thus cnergy level may alfect protein
requirement and the requirement for aru-
minal escape proiein source. The objective
of this study was to determine clfects of

'Salaries and rescarch supporl provided by State and Federal Funds appropriated (o the Ohio Agric. Res. and Biv.
Cenier, Ohio State Univ: Journal No, 325-9). Research and 1he scnior author were supported in part by 2 lellowship
from the Food and Agriculiure Organization of the United Nations.
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energy level (70% corn stover vs 46% corn
stover), protein level (9.5% vs 12%), and
prolein source (soybean meal vs blood
meal) on steer leedlot performance, Corn
was used (o vary the energy conlent of the
diets.

MATERIALS AND METHODS

Animals and experimental diets: Seveaty-
nine Angus X Hereford crossbred sieers
(avg. wi. 348 kg) were fed a low encrgy diet
(70% cnsiled corn stover, DMB) or a high
energy diet (46% ensiled corn  slover,
DMB), Corn was used 1o vary the cnergy
content of these diets. Low or high encrgy
diets were supplcmented with cither soy-
bean meal or blood meal at two levels of
protein (9.5 vs 12%), Low cnergy diets had
approximately 2.34 Mcal/kg of mcetaboliz-
ablc cnergy (ME), while high cnergy dicts
were formulated to contain 2,62 Mcal/kg of
ME. Urea {0.3%) was added to all diets to
provide a readily available source of rumen
NHy-N. Supplemental protein sources pro-
vided 30-48% of total diclary protcin in low
energy - 9.5% protein diets and 15-37% of
protein in high energy - 12.09% protein diets,
respectively. Ingredient and chemical com-
position of the experimental dicts is shown
in Table 1.

Management of steers: The steers were
housed and led individually for the 50-day
growth trial. The steers were allowed to eat
ad libiten and were fed once daily. Steers
were weighed without shrinking on two con-
seculive days to determine initial and final
weights. Weights were also taken on day 24,
Average daily gain (ADG), dry matter in-
take (DMI) and gain 1o feed (G/F) ralios
were determined.

Chemical analysis: Feeds were analysed [or
DM, OM and N content (macro-Kjeldhal)
(AOAC, 1984), Ncutral detergent {fibre
(NDF) and acid detergent fibre (ADF) were
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determined by mcthods of Van Socst and
Robertson (1980).

Statistical analysis: Feed intake, ADG and
G/F were analysed by analysis of variance
procedures, lor a completely randomised
design using the general lincar model pro-
cedure of SAS (1988). Sum of squarcs were
partitioned to test elfects due to protein
level, energy level, protein source and all
possible interactions.

RESULTS AND DISCUSSION

As no inleractions were delected
among protein level, encrgy level or protein
source, the results shown in Table 2 are
presented for main clfects. Chemical analy-
sis of the dicts revealed some variation in
actual CP content. Low protein dicts varied
from 907 10 9.42% CP and high protein di-
els varicd from 11.42 to 12.36% CP. This
variation resulted from diffcrences in ex-
pecied vs actual protein levels in the basal
ingredicents and fluctuation in the DM con-
tent ol ensiled corn stover. Rale of gain was
improved (P <0.01) 62% for steers fed high
energy dicls containing 40% corn stover
compared with those {ed low cnergy dicts
containing 70% corn slover (102 vs 0.63
kgg/day, respectively). Steers fed 12% pro-
tcin dicts had 209 greater (P<0.01) ADG
than steers fed 9.5% protein diets. Like en-
crgy and prolein level, protein source also
alfeeted the rale of gain of steers. Steers {ed
supplemental blood meal (BM) gained ap-
proximately 9% faster (P<0.01) compared
with slecrs fed soybean meal,

Feed intake was lower (P<0.01) {or
steers led 70% corn stover dicts than for
those led 46% corn stover dicts. Likewise,
sleers receiving 9.5% protein dicts con-
sumed less (P<0.03) feed than those re-
ceiving 12% protein diets. No dillerence
(P<0.15) in DMI exisied duc o source of
supplemental protein. Gain/ffleed was 37%
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greater (P<0.01) for steers fed high cnergy
diets compared with those fed low energy
diets. Likewise, high protein diets improved
(P<0.02) G/F compared to the low protcin
diets, and sleers fed diets supplemented with
blood meal had approximately 13% greater
{P<0.05) G/F than sicers {ed diets supple-
menled with soybean meal.
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energy dicts had improved weight gain and
feed cfliciency. Prolein lovel and source are
more critical when ruminants are fed crop
residue based diets (Loerch, 1985). In the
present  rial, supplementation  improved
fced intake and steer gains. Because corn
stover has a low prolcin content, supple-
mcntal protein comprises a large proportion

Table 2.  Elfects of protein and energy level and protein source on steer performance

Encrgy level Protein level Protein source

Item

0% 40% 9.5% 12% SBMa BMb SE

slover stover
No. of steers 40 39 39 30 40
Initial weight (kg) 3474 3482 3479 347.7 348.0 347.0
Gain (kg/day) 0.63 102 0.75 .90 0.79 0.86 0.04e9¢
Fecd intake (kg/day)  6.34 7.67 6.82 7.19 7.06 6.95 0.12¢4
Grain/feed (kg/kg) 0.097 0.133 .107 0.123 0.108 0.122 1.08¢df

3 Soybean meal; ® blood meal; € encrgy level elfect (P<0.01); d protein level effeet (P<0.03); ¢
protein source cflect (P <0.15); f protein source eflect (P <0.05).

When dicts high in NDF and low in
fermentable carbohydrates are fed, gencrally
intake 1s depressed. Freer and Campling
(1965) reporled that diets high in [ibre
decrease volunlary intake. Low quality for-
ages and crop residues have a high lignin
content prescnt in the secondary cell wall
(Van Socst, 1982) and lignin is a component
of diclary libre which ncgatively allccls or
limits forage digestibility. In the present
trial, fower voluntary intake of the low cn-
ergy diets significantly affected the ADG
and subscquently Jowered G/F compared o
the high cnergy diets. High cnergy dicts
contained 47% corn, which provided a
greater amount of readily available substrate
to rumcn microbes and improved intake and
dict digestibility, As a result, steers led high
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of Lotal dietary protein. Thus, source ol sup-
plemental prolein becomes more important.
In addition, the relatively low cnergy
content of corn stover results in high rumen
pH which incrcascs rumen digestion of soy-
bean meal protein and decrcases its efli-
ciency of ulilization, Rumen degradation of
blood mcal is not greatly affected by rumen
pH (Locrch er af, 1983), thus blood mcal
provides more rumen escape protein and is
used more elliciently than soybean meal.
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