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Summary

Rumindly cannulated Holstein steers were
used in three nitrogen balance experiments to
determine the sequence of limiting amino acids
for growing steersfed soybean hull-based diets.
Thedearsindl experimentswerefed the same
basal diet (73% soybean hulls, 19% dfafa, DM
basis; formulated to minimize rumen
undegradable intake protein and thus maximize
microbid protein posrumindly) and were given
the same intrarumind infusions (400 grams per
day acetate; to increase energy supply without
increasing microbid protein supply). 1n experi-
ment 1, treatments conssted of abomasd infu-
gons of: water (control, no amino acids); L-
methionine, and amixture of 10 essentia amino
acids. Nitrogen retention (ameasure of protein
deposition) was greatest for steersreceaiving the
mixture, and steers receiving methionine aone
had greater nitrogen retention than control
steers. Inexperiment 2, treatments consisted of
abomasal infusonsof themixtureof 10 essentid
amino acids or the same mixture without lysine.
Nitrogen retention tended to be grester for the
10 amino acid mixture than for the mixture
without lysine. In experiment 3, threonine,
rather than lysine, was removed from the amino
acid mixture. Nitrogen retention was not af-
fected by remova of threonine. We conclude
that methionine wasthefirg limiting amino acid,
threonine was not limiting, lysine gppeared to be
alimiting amino acid, and one or more untested
amino acids in the mixture appeared to be
second most limiting. Therefore, our data do
not support the generally accepted concept that
the sequence of limiting amino acidsfor geersis
methioning, lysine, and threoninewhenmicrobia
protein isthe primary contributor to metaboliz-
able (postrumind) protein.
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Introduction

The use of soybean hulls in growing catle
diets has become popular for economica and
nutritiona reasons. They arerdatively inexpen-
sve and have been shown to provide dightly
less energy than corn in certain grower diets.
Additiondly, the protein fraction of soybean
huls is conddered to be highly rumindly
degradable, such that they should supply grow-
ing cattle with metabolizable (postrumind)
protein predominantly of bacteria origin.

Quantifying thelimiting amino acid sequence
of bacterid crude protein is important, because
protein accretion may be limited by postrumina
amino acid supply. Knowing the limiting amino
acid sequencefor steersfed soybean hull-based
diets would dlow nutritionists to supplement
suchdietsto meet theanimals requirementsand
maximize protein accretion. Our objective was
to determine the limiting amino acid sequence
for growing cattle fed soybean hull-based diets.

Experimental Procedures

Experiment 1 used five steers (440 |b) in a
replicated 3 x 3 Latin square with one missing
steer. Periods were 7 days with 3 days for
adaptation and 4 days for collection of feces
and urine. Steers were housed in individud
metabolism crates and received 7.5 Ib/day (as
fed) of the basal diet (Table 1)
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intwo equa portions. The diet was formulated
to minimize rumindly undegradable intake
proteinsupply, thusmaximizingmicrobid protein
posrumindly. Intraruming infuson of 400
gramg/day of acetate was provided to each
steer to increase the energy supply without
increesng microbid protein supply. Treatments
consisted of abomasal infusions of (grams/day):
a) water (control, no amino acids); b) L-methio-
nine (10); and ¢) a mixture of 10 amino acids
thatincluded L-methionine(10), L-lysine(15.8),
L- higtidine (7.4), L-phenyldanine (10), L-
tryptophan (4.9), L-leucine (20), L-isoleucine
(20), L-vdine (10), L-arginine (10), and L-
threonine (10).

Table 1. Composition of the Basal Diet

Ingredient % of DM
Soyhulls 72.6
Alfdfa 194
Molasses 4.8
Dicacium phosphate

(16.5% Ca, 21% P) 16
Sodium bicarbonate 8
Magnesum oxide 3
Trace mineralized st A7
Vitamin mixture A7
Elementd sulfur 16

Experiment 2 used five Seersin a2-period
crossover desgn. Digs, intrarumind infusions,
and experimental conditions were smilar to
thosein experiment 1. Trestmentsincluded the
same amino acid mixture and the mixture with
lysine deleted (9 amino acids).

Experiment 3 used six steers (427 1bs) in a
2-period crossover design with procedures
gmilar to those experiments 1 and 2 except
steers were fed 7.7 Ib/day (as fed) of the basal
diet. Trestments included the 10 amino acid
mixture, with lysineincreased from 15.8t0 19.7
grams/day, or themixture with threonine del eted
(9 amino acids).
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Results and Discussion

Experiment 1. Nitrogen retention (Table
2) was greatest (P<.05) for steersthat received
dl 10 of the amino acids (13.7 grams/day).
Steersthat received only methionine had greater
(P<.05) nitrogen retention (7.9 grams/day) than
control steers (5.4 grams/day). Theincreasein
nitrogen retention when methionine aone was
provided illustrates that methionine wasthefirg
limiting amino acid. The additiond increase in
nitrogenretention when al 10 amino acidswere
provided indicates that one or more of the other
amino acids in the mixture besdes methionine
aso waslimiting.

Table 2. Nitrogen Balance of Steers Sup-
plemented with Amino Acids (Exp. 1)

No 10
Nitrogen  AA! Mehionine AA! SEM
-------- (grams/day) -
Intake 571.F 58.2 73.6¢ .02
Fecal 26.5 259 2718 .75
Urinary 5.4 24.4 3212 .27
Retention 5.4 79 137”66

AA=amino acids.
a b ¢Means within rows without common super-
script differ (P<.05).

Experiment 2. Steers receiving dl 10
amino acids (Table 3) tended (P<.09) to have
greater nitrogen retention (19.0 grams/day) than
those receiving the mixture without lysine (16.3
gramgday). This illusratesthat the basal lysne
supply limited protein deposition. However, the
decrease in nitrogen retention when lysine was
removed from the mixture (2.7 grams/day) was
less then that observed when the remaining nine
amino acidswereremoved in experiment 1 (5.8
grams/day), indicating that lysne was not the
second most limiting amino acid, but rather that
one or more of the other amino acids in the
mixture was more limiting than lysine,



Experiment 3. Nitrogen retention (Table
4) was not different between steersreceiving al
10 amino acids (17.8 grams per day) or those
recaiving the mixture without threonine (17.3
grams per day), illudrating that protein deposi-
tion was not limited by threonine supply.

Table 3. Nitrogen Balance of Steers
Supplementedwith Amino Acids (Exp. 2)
Without With
Nitrogen Lysne Lysne SEM
--- (grams/day) ----
Intake 73.2 76.0¢ 13
Fecal 285 29.3 33
Urinary 284 27.7 43
Retention 16.3¢ 19.06 74
abMeans within rows without common super-
script differ (P<.05).

¢dMeans within rows without common super-
script differ (P<.09).

We conclude that methionine was the first
limiting amino acid and that threonine was not
limiting for steers fed soybean hull-based diets.
Lysne gppeared to be alimiting amino acid, but
one or more of the untested amino acids in the
mixture appeared to be second most limiting.
Our data do not support the generally accepted
concept that the sequence of limiting amino
acids for dears is methioning, lysine, and
threonine when microbid protein isthe primary
source of metabolizable protein.

Table 4. Nitrogen Balance of Steers Sup-
plemented with Amino Acids (Exp. 3)

Without With
Nitrogen  Threonine  Threonine SEM
----- (grams/day) -------
Intake 78.2 79.4
Fecal 31.8 32.7 53
Urinary 29.0 28.8 55
Retention 17.3 17.8 .26
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