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SUmmary

This study evaduated the effects of
branched-chain amino acids on nitrogen
retention and plasma branched-chain amino
acid concentrations.  Fve rumindly cannu-
lated Holgtein steers (387 Ib) were used in a
5 x 5 Ldin square. Steers were limit-fed
soybean hull-based diets twice daly (7.5
Ib/day, as fed basis). Energy in the form of
acetate (400 gramg/day) was continuoudy
infused into the rumen. Trestments were
continuous abomasal infusons of 1) 115
grams/day of a mixture of 10 amino acids, 2)
10 amino acid mix with leucine removed, 3)
10 amino acid mix with isoleucine removed,
4) 10 amino acid mix with vdine removed,
and 5) 10 amino acid mix with dl three
branched-chain amino acids removed. Nitro-
gen retention decreased (P<0.06) in response
to removd of leucine vdine or dl three
branched-chain amino acids. Changes in
ntrogen baance of growing catle limit-fed
soybean hull-based diets demongrate limita-
tions in the basa supply of leucine and
vaine, but not isoleucine.
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Introduction

For optima lean muscle growth in cattle,
the supply of postrumina amino acids (me-
tabolizable protein) needs to mest animd
requirements.  Therefore, the deficiency of a
dngle digtary essentid amino acid may limit
cattle growth.  Although severd reports
uggest that methionine is often firg-limit-
ing, other amino acids, such as lysne,
aginine, hididine, or threonine, have adso
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been reported as limiting. However, there is
little research to support these findings.

Recent research at Kansas State Univer-
Sty demonstrated that an inadequate supply
of a branched-chan amino acid mixture
containing leucing, isoleucine, and vaine
restricted protein depostion of catle limit-
fed soybean hull-based diets. It was unclear,
however, which of the branched-chain amino
acids were limting. In the current study, we
evaluated the effects of individua branched-
chan amino acids on lean musde growth
that was estimated from nitrogen retention
and on plasma branched-chan amino acid
concentrations in catle limit-fed soybean
hull-based diets.

Experimental Procedures

Five rumindly cannulated steer calves
averaging 387 Ib initid body weight were
housed in individud metabolisn crates and
were fed 7.5 Ib/day as fed basis of a soybean
hull-based diet that conssted of 72% soy-
bean hulls, 19% dfdfa, 5% molasses, and
4% minerdgvitamins in equa portions twice
daly. To supply additiond energy without
increasng rumind microbid growth, steers
received continuous infusions of acetate into
the rumen at arate of 400 grams/day.

A 5 x 5 Lain sguare desgn was used,
with 7-day periods, 3 days for adaptation to
treatments and 4 days for collection of feces
and urine.  Treatments were abomasd infu-
gons of 115 gramg/day of a mixture of 10
amino acids, or the 10 amino acid mixture
with the branched chan amino acids,
leucine, isoleucing, valing, or dl three of
these amino acids removed. The daly 10
amino acid mixture infuson conssted of : L-



leucine (20 @), L-isoleucine (10 g), L-vdine
(20 g), L-lysne (15.8 g), L-methionine (10
g), L-threonine (10 g), L-phenyldanine (10
g), L-arginine (10 g), L-higtidine (7.4 g), and
L-tryptophan (4.9 ¢@). Infusons into the
abomasum were made by extending flexible
tubing through the rumen cannula and
reticulo-omasa orifice.

On days 4 through 7 of each period, total
feces and urine were collected for determina-
tion of nitrogen baance. Blood samples for
plasama amino acid andysis were collected
from the jugular vein of each seer.

Results and Discussion

Because protein in soybean hulls is
modly degraded and utilizead by rumen
microbes, microbid protein is the primary
source of amino acids supplied to the small
intestine of catle fed soybean hull-based
diets. Limit feeding such a diet created a
dtuation where both the energy and protein
(amino acid) supplies were inadequate and
likdy limited peformance. To evauate
limitations in the amino acid supply from the
basal diet, we ensured that energy would not
be the fird nutrient to limit performance by
supplying energy in the form of acetate.
Also, to evauate which single amino acids
from the basal diet restricted performance,
we ensured that performance was not limited
by any of the other essentid amino acids by
abomasdly infusng the steers with mixtures
of those essentid amino acids. Infusng a
mixture that supplies dight excesses of dl 10
essentid amino acids alowed the steers to
perform at a rate that should not have been
redricted by inadequate supplies of any
essentid amino acids. Measuring changes in
nitrogen baance when a single amino acid is
removed from the 10 amino acid mixture
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determined if the basd supply of that amino
acd by the soybean hull-based diet was
inadequate and therefore limiting. No
change in nitrogen baance when an amino
acdd is removed from the 10 amino acid
mixture would demongtrate that the removed
amino acid was not limiting.

Nitrogen retention decreased (P<0.05)
when dl three branched-chain amino acids
were removed from the 10 amino acid mix-
ture (Table 1). Nitrogen retention aso de-
creased in response to the remova of leucine
(P<0.06) or vaine (P<0.05), but the removal
of isoleucine had no effect. Thus the basa
supplies of leudne and vdine were deficent
and may limit anima performance.

Remova of dl three branched-chain
amino acids from the mixture of 10 amino
acids decreased (P<0.05) plasma concentra-
tions of these branched-chain amino acids
(Table 1). Removd of leucine aone
decreased its plasma concentrations
(P<0.05), but increased plasma concentra-
tions of both isoleucine and valine (P<0.05).
However, remova of isoleucine or vdine
decreased (P<0.05) only ther own concen-
trations in plasma, and did not sgnificantly
dter plasma concentrations of the other
branched-chain amino acids. These de
creases in plasma leucine, isoleucing, and
vdine concentrations demondgtrate that ther
supplies exceeded the requirements when
steers were infused with these amino acids in
the 10 amino acid mixture.

The nitrogen balance results demonsirate
that the branched-chain amino acids, leudne
and vdine but not isoleucing, are limiting
when rumind microbid protein is the pri-
mary source of amno acids to the smdl
intestine of growing steers.



Tablel. Effects of Removing Leucine, Isoleucine, Valine, or All Three Branched-
Chain Amino Acids from Postruminal Amino Acid Infusons on Nitrogen
Balance and Plasma Branched-Chain Amino Acid Concentrations of

Growing Steers

Trestments’

Item 10AA -LEU -ILE -VAL -BCAA SEM

Steerg/treatment 5 4 5 5 5

Nitrogen @ ——mmem gramglday —-—-——————————————————
Intake 76.5 74.2 75.4 75.3 72.1 -
Fecal 27.9 28.5 27.7 29.0 28.8 0.74
Urinary 22.9 22.8 22.9 23.8 22.1 0.81
Retained 25.7 23.1° 24.8 22.4° 21.2° 0.79

Asmfa 0 ——————— M-
Leucine 200 60° 190 217 60° 7.8
Isoleucine 148 296" 55 154 88" 145
Vdine 298 530° 289 123° 162° 208

¥ 0AA = mixture of 10 essentid amino acids, -LEU = leucine removed from 10AA; -ILE =

isoleucine removed from 10AA; -VAL = vdine removed from 10AA; -BCAA = leucing
isoleucine, and vaine removed from 10AA.

®Different from 10AA (P<0.05).
“Different from 10AA (P<0.06).
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