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ABSTRACT

Holstzin bull calves weaned ar 4 wk of
age were assigned to one of three repli-
cared 4 X 4 Lartin squares ar 5 to 6 wh.
Trials were abomasal infusion of 0, .30,
.60, and either 920 (Tralz 2 and 3) or
1.20 g (Trial 1) L-methionine/kg pellered
starter ration consurned. In Trials 1 and
2, ration ingredients of the radon con-
tributed the following percentages of
total crude provein: corn meal 39, alfalfa
meal 48, and soybean meal 12; dry
matter of rations contained 13.6 and
13.9% crude protein and .26 and 32%
sulfur. Infusion of .60 g methicnine in
Trial 1 rended ro depress exererion of
nirrogen in urine and increase nirrogen
retention.  In Trial 2, urine nitrogen
excretion and retained nitrogen responded
in 2 quadratic fashion; infusion of .30 and
.60, and either .90 (Trials 2 and 3) or
1.20 g (Trial 1) L-methionine/kg pelleted
starter ration consumed. In Trials 1 and
2, ingredients of the ration contributed
the following percentages of toral crude
protein: corn meal 39, alfalfa meal
48, and soybean meal 12; dry marter
of rations contained 13.6 and 13.9%
crude protein and 26 and .32% sul-
fur. Infusion of .60 g merthionine In
cretion 9%. Relationship berween plasma
methionine and infused merhionine was
linear for all trials. Methionine is the first
limiting amino acid for carly-weaned
calves fed complere pelleted rations based
on corn and either aifalfa or soybean
proteins.
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INTRODUCTION

Published data are limited as to the optimum
partern of absorbable amino acids for growing
catrrle. However, methionine or lysine generally
appear first limiting when rations containing
convenrional ingredients are fed ro growing
cartle (2,73, &, 7, 8, 13, 14, 15, 22). Moreover,
ingredient composition of cereal-based rations
appears to determine which of the two amino
acids is first limiring. Lysine was firsy limiring
when rarions conrained no legume prorein (2,
6, 7, 13, 14), whereas methionine was first
limiting when 1ations confdained 4% or more
suyhecan meal (3, 15). o

Ahomasal infusion of incremenral merhionine
(0, .30, .60, and 1.20 g L-methionine/kg ration)
indicated methionine was first  limiting in
early-weaned dairy calves fed a ration based on
by-producr feeds and containing 13.8% crude
protein (22). Excretion of urine njtrogen and
rerention of nitrogen responded in a quadratic
fashion to incremental methionine. Greatest
responses were with 60 g L-methionine/kg
ration; urine nirrogen was depressed 11% and
nitrogen retention increased 18% over the
negative control infusate,

The purpose of this study was to investigate
further the dose-response relationship  of
ingremental methionine  infused inte  the
abomasum of carly-weancd calves fed complere
pelleted starter rations based on corn and either
alfalfa or soybean meal proteins. Rations
contained 53% corn meal and 35% alfalfa meal
(Trials 1 and 2) or 48% corn meal and 13%
soybean meal (Trial 3). Excretion of urine
nitrogen and nitrogen balance were primary
criteria for assessing response te methionine
infusions,

MATERIALS AND METHODS

Experimantal Dasign

Twenty-four Holstein bull calves were
assigned to three 4 X 4 Larin squares wich two
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TABLE 1, Ingredient composition of cemplete pellercd starcer rations,

Ingredisnt Trials 1 and 2 Trial 3
o (%) =
Cors nical N E - ST T apge
Alfalfa.mea} 3510 0 L 5.00
Soybezn meat 300 DR 12.90
Maolasses 31.00 . 7.00
Oat hulls 2.90 22,45
Dicaleium phogphare 150 1.1%
Sedium bicarbonace 1.00 - . 1.00
Limestone . ' : " 100
Salt ': . 50 ; 7 .50
Vitamin A, D, and E premix! 10 o i0
Trece mineral mix® . .05 " 05

’med: 8,800 1U of vitamins A and D and 8, 3 IU viramin E/kg
’Ccml:llns a guarantéed minimum of ,7% Fe, 5% Cu, .08% Co, 4% Mn, 15% Zn, 3% 1. and .04% Se.

rephcatmns per treatment. Each penod was

a minimum of 9 days with ar least a 4-day -

adjustment to treatment folluwed by a §5fay
excreta collection,

Animnl. Mnnqorﬁént any Hatium

Ca_lw:s were l'mus:d in 2 unheared bamn with
tie sealls bedded with sawdust undil placed on

experiment, Calves were fed 1.8 o 2.3 kg

whole or waste milk rwice daily from open pails
until 3 wk of age. Milk was reduced gradually
from 3 wk unzl weamnag at 4 wk of age, A
complete pelleted ration? was offered for 2d
libitum intake from approximately 1 wk of age.
Abomasal cannulae were placed surgically in 10
to 12 calves for each of the three trials at 5o
26 days of age according to the pmccdure of
Schwab eral. (22),

" When ll cannulated ca]ves within a group
were weaned (28 1o 37 days of age), 10 calves
were placed in a rempcrature-controlled (24 &
4°C) room. Calves were allowed 7 to 10 days to
acljust w digestion ¢rates and experimental
rations.  Following adaptation, cight calves
consuming near equal quantiries of feed were

“selected for study, and abomass! infusions were

\

“TCRI Agway Inc_, Syrcuse, NY, -

* Murtitional Bmchcmln:nls Co., Clevelend, OH,

*Monostar brand, Lux 5c1:n|:1fu: Instrument qup
New York, NY,
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initiared, - Average ages of calves &t initiation of
infusion were 42 * 5, 37 = 3, and 43 + 2 days,

for Tiials'1, 2, and 3. Calves managed under the
condirions of this study possess funcrional
rumens by 1 to 2 wk after weaning (20).

Infusate sdlutions were prepared by L-~

methioniné® dissolved in tap warer (approxi-
mately 1800 mi/calf) every 3 days with con-
centrations adjusted for feed intake and dif-
fercnces in infusion rates. Concentrarions of
L-methionine ‘were 0, .30, .40, and 1,20 g/kg
ration in Trial 1 and 0, .30, .60, and “90 g/kg
ration in Trials 2 and 3. Abomasal infusions
were continuous for each §-day period. Solu-
tions were infused viz 3 multichannel cassette
pump® from graduared ¢ylinders maintained
under refrigeration (2°C), Infusion rares were
monitored dajly,

The ingredient composition. of ratians is in
Table 1. Rarions were prepared as n:ornplerc
pelleted feeds with.a peller diamerer of 4.4 mm.
Rations fed in Trials'1 and 2 were lnrgely corn
and alfalfa; corn meal conrributed 399%, alfalfa
meal 48%, and soybcan meal 12% of the roral
nitrogen. The ration in Trial 3 was formulared
to be similar in nutrient conrent to that- fed in
Trials 1 and 2 bur to ¢ontzin a maximal amount
of soybean meal. In this-ration, saybean meal
contribured $2%, corn meal 34%, and zlfalfa

meal 7% of the toral nirregen. Boch rations

were formulated to conrmain 13.5% crude
protein, 14.0% crude fiber, 8% calcium, and
.6% phosphorus (dry matter).
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Daily feed allozted to each ¢alf was restricred
to that of the animal consuming the least
dmMount to ensure similar intakes of nitrogen
across treatments. Feed offered was increased
periodically prior ‘to initiation of 1 trearment

and, occasionally, once during a trearment

period to allow for increased cunsumptmn
associated with advancing age; appropriare
adjusrments of concentration of L-methionine
in infusare solutions were at these tll.TlCS.
Rations were offered in equal quanriries-at
0400, 1000, 1600, and 2200 h, Feed refusals,
when present, were weighed prior to the 1000-h
feeding, end an identical quantiry of fresh feed
was reoffered at thar time,~ - e

Meamuremant, Sampie Gollection, and Analysis

Feed: samples were taken L'daily during the
collection pcriods composited by period, and
analyzed in mpllcnte for dry marrer (DM
vacuum oven, 60°C), The remaining composite
was yround through” a 1-mm stainless.sreel
screen and analyzed in triplicate for DM and
nitrogen® and in duplicate for crude fiber and
ether extrace (1), acid-derergent fiber (10), ind
combustible energy with a Parr bomb calori-
merer, A composite sample for each trial was
analyzed for amino acids by ion cxchange
chmmatngmphy, mmcrals by atomic ab-
SOrprion Spectrﬂscﬂpy and sulfur turbid-
metrically® (1), Oxidation of proteins in feed
with performic acid (16) prior to hvdrolysis
permitted complete recovery of eysteine and
cystine as cysteic acid: the procedure hsg been
deseribed (22), To analyze for the other amino
acids and permit complete recovery of rrypto-

"Apparatus; Model BD-20 block digescer and
Autoanalyzer 11, Szmple 11, Technicon Industrial
Systems, Tarrytown, NY.

"Beckman 118CL automated amino aeid analyzer,
Beckmm Instrumenty, Faio Alto, CA.

Analys;s conducted by Forage Testing Laboratory,
New. York Dairy Herd Improvement Canperntxw.
Inc., Ithagy, NY.

Annlym by A&L Agricultural Laboratories, Inc.,
Memphiz, TM.

'® Apalytis by New England Clinieal Laboratores,
Ing,, Tilten, NH.

"' Vacurainer tubes, Becron-Dickingon, Rutherford, .
NJ. -

phan, feed samples (13 to 18 mg) were hy-

~ drolyzed in 1 ml 3 N mercaptoethanesulfonic

cacid for 24 h at 110°C (18). Following hy-

drolysiz, samples were centrifuged, the super- .

natant was adjusted to pH 2.2 with 240 ¢l 50%

NaOH, and 50 ul ‘'of simple and 450 pl of .
sample dilution buffer applied to the colummn, .
Urine was collecred in_ polycthylene pails

comraining 25 ml of 4 N H,504 and measiired
volumerrically daily. Aliquors (10%) were
composited and stored at 2°C unril analyzed
for nitrogen® and combustible energy (22).
Feces from each calt’ were collected, composited,

and frozen (—16°C) daily until analyzed for
'8

"DM  (vacuum oven, 60°C), nitmgen, "_‘é'nd ’

combustible energy (22).

Two samples of jugular blood ‘were takeén it ™
0. 2, and 4 h postprandial from each calf 6n the
last day of each colleetion period. One. smnplc .

was obtained in a .10-ml evacuated tube con-

" raining no additive. The blaod was allowsd 1o
- coagulare ar room temperature and then

“centrifuged (3,500 % g, 30 min). Serum wu
composited for the three samnpling rimes and
- analyzed for total prorein, albumin, urea N, and
:glucose by a Technicon Sequential Multiple

"Analyzer. The other blood ‘sample’ from

each r.-aIf was taken in a 10-ml. evacuited
tube'’ conraining 15 mg :thylenedm.mmeto:tra-
ectate (EDTA; Ki) and .02 mg potassium
‘sorbate and placed immediately in an ice bath.
‘Within 20 min, samp1¢s were centrifuged at
3,500 x g for 15 min. Four milliliters of plasma
from each sample was deproteinized with 1 ml
of 15% sulfesalicylic acid and cenwifuged ac
3,500 x g for 30 min. The depmtcxmzed
‘plasma was composited across time for each.

calf within period and pH adjusted to 2.2 by -

1.5 N LiOH {trace EDTA). Samples were frozen
(—20°C) and composired for ¢ach pair of calves
prior to analysis for free ammo acids ‘By ion
exchange chromaragraphy.”

Statigtical Analysis

- Data were analyzed as Latin squares. Analysis

of variance was by least squares for usibalsneed”

data with animals, periods, and weatmenrs zs
main effects, Treatment and period cffects were
subdivided into linear, quadratic, and cubic
orthogonal conrrasts (23). Means in rahles are
least squares means. Feed composition was
not analyzed statistically.

Journal of Dairy Science Vol. 58, No, 3, 1985
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RESLILTS AND DISCUSSION

Chemical 'composition and apparent di-
gestibility 'of starter rations are in Tablé 2.
Contenes of crude prorein in ration DM for
Trials 1, 2, and 3 were 13.9, '13._6, and 14.8%.
Although content of amino acids was similar
among rations, the higher lysine and |lower
merhionine contents in soybean protein relative
to cereal proteins is reflected in the ration fed

- DONAHUE ET AL.

in Trial 3. Percentages of ether extract, ¢rude
fiber, acid derergenr fiber. and acid dctc‘rgtnt
fiber nirrogen were lower for the ration fed in |
Trial 3. With the exception of sedium in Trial .
3, content of minerals excesded that recom- .
mended (17) for young calves, The excessive
amount of magnesium in the ration fed in Trial
3 probably was due 1o addition of dolomitic
limestone,

TABLE 2. Chemical camposition® and apparent digestibilicy of complete pellered rarions.

Measurement Trial 1 Trial 2 Trial 3
Crude protein, %? 139 13.6 ) 14.8
Echer exrract, %? 37 ) 24
Crude Fiber, %? 10.4 12.6 8.8
Acid detergent fiber, %* : 14.5 16.8 5 a
Arid detergenc fiber N, % of tota] N 7.5 7.2 1.4
Amino acids, %7 . S
Arginine .50 58 A1
Hiztidine - 25 .25 . 2B
Isoleucine .38 h .38 A0
Leucine . 1.05 1.04 1.05
Lysihe . ' 48 A6 £}
Methionine... . 22 .22 220
Cystne plus cysteine* 22 21 .21
Phenylalanine 54 S4 A1
- Threonine ) .51 49 - 51
Tryptophan | .28 .23 21
Valine ) 51 31
Total essential amine acids 4.79 4.70 519
Taval nonessential arning acids 6.29 &6.15 693
Total arnino acids 11.08 10.85 1214
Minerals® .o -
Calcium, % . T 1.04 1.09
Phosphorus, % &4 Jl B3
Magneslum, % 18 19 74
Porassium, % 1.10° 1.27 Lid
Sodium, % 40 &7 A4
Sulfur, % .2 i 34
iron, ppm 287 330 45
Zinc, ppm | 92 o9 104
Copper, ppm 31 11 16 -
Manganese, ppm 1% 53 70
Apparenr digesribiliry, %° -
Dry marrter 71.1 6594 T 67.0
Gross energy 69.2 47.0 634
Mitrogen . 59.2 57.9 70.4

"Percent of dty matter, Dey matter content (%) of rations for the three trials was: 92.0, 92.7,91.0.

*Mean of four 5-day composites taken during excrera collection periods.

’Composue fur the trial,
* Measured as cysteic acid (16).

¥ Average of 29 (Trial 1), 25 (Tml). or 30 (Trizl 3 dlgest1b111ty measurements.

Joumasl of Dairy Science Vol, 68, No. 3, 1985 |
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Abomasal infusion of methionine had no
«ffeer on digestibility of dry matter, gross
cnergy, and nirrogen. The higher digestibility
of nitrogen in Trial 3 likely was the result of
both a higher content of ration CP and less
nitrogen ass-ncmt:d with ratien fiber.

Trial T

The effect of infusing 0, .30, .60,and 1.20 ¢
L-methionine/kg ration on nitrogen status of
calves fed the radon based on corn and alfalfa
meal was investigated in this trial. Three of the
potential 32 observations were deleted from
statistical analysis because of excessive feed
refusals (> 10% of that offcred) during any
O:day perod. In general, the appetite of calves
fed this ration -containing 35% alfalfa-meal-
(noted also in Trial 2) tended ro be depressed as
compared ro (22). It is possible thar saponins
(riterpencid compounds) in alfalfa meal were
responsible for reduced feed intake. Rations
containing more than 10% alfalfa meal or’
purified diets conraining saponins reduced feed
intake in rats (4), chicks (19), pigs (4, 9, 12),
and .rabbits (4). Although saponin-urilizing
bacteria have been isolated from marure rumi-
nants (5, 11), rumen function may not be
sufficient in the 6- to 11-wh-old calf to degrade
saponins. ’

The amounrt of nitrogen retained and excreted
in feeces and wrine did not differ (P>.05) for -

TABLE 3. Udlization of nitrogen by pogtweaned cglves fed 3 rarion based on corn and alfalfa pmt:m and in-

fused abomasally with incremental methionine, Trial 1.

merthionine infused (Table 3). The percentige
of dierary nitrogen excreted in urine or retained-
and the percentage of apparently absarhed
nitrogeny rerained also were similar for all
trearments. However, infusion of .60 g L-
methionine/kg ration tended to lower excretion
of nitrogen in urine and increase "retained
nitrogen. Excrerion of nitrogen in urine de-
creascd 14% and rerained nitrogen increased
13% as compared o the negative : conwmol
infusate, These apparent changes of urme and
retained nitrogen are similar to those observed -
by Schwab et al. (22) in calves fed a ratlon".

based on cercal by-products and infused abe-,

masally with' the same percent of methionine:
Concentrations of metabolires in serum ind
plasma are in Table 4. Total protein, alburain, -
urez mitrogen, -and ghicose in serum were not
affected by infusion of incremental mcthmmn: .
Concentrarion of total cssential amino' acids
(EAA) in plasma r:spundcd in @ cubic fashmn-_
(F<.005) whereas histidine in plasma (33 1% of
tota! EAA) responded in both a linear (P<.05) . -
and quadratic (P<.05) fashion wirh incremenral
methionine. There are no apparent’ biological -
explanations for these responses, Concentratmnﬂ

-of ‘total nonessential amino acids (NEAA) in®

plasma was depressed in a lincar fa,shlpn (P{._95 ).
Infusing incremental methionine into the

_abomasum in (22) and in Trials 2 and 3 of r_hls

study did not affect plasmia toncenrrarions of

‘total EAA or toral NEAA, The linear decredse

Infusqre (g L-merhionine/kg rarion)

60 1.20 sE!

Irens 0 ..30

n -7 T8 -] -]

Dry marrer intake, g/day 979 982 241 972

Nitrogen, g/day -
Intake 223 224 214 222
Infused . ) 0 .03 .05 S | ,
Fecal | 2.0 8.9 9.3 4.8 "
Urine 7.0 . 7.5 6.0 7.0 5
Rerajned ) 6.3 50 71. S A4 7

Nitrogen, % of intake . . . ) -

Urine , 3.7 34.3 27.7 32,3 24
Retained 271 . 258 30.4 T20.7 - Y
Nitrogen, % absorbed y ) ’ ' R

52.6 . 42.5 +63 -,

Retajned : 45.5 R ¥

! Srandard error for n = 8.

Journal of Dairy Science Vol. 88, No. 3, 1985
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TABLE 4. Concentration of selected components in scrum, and amine acids in plasma of postweaned calves
infused abamasally with ineremental methionine, Trial 1. - "

oL Orthogonal
[nfusate (g L-methionine/kg ration) contrasty
Metabolites 0 .30 &0 1.20 ~°  SE! L q c
Serum? - )
Taoral protein, g/100 m! 6.83 6.76 6.73 6.74 .08 NS N§ NS
Alburnin, g/100 mi .32 3.25 1.26 3.19 04 WN§ N5 NS
Urea N, mg/100 ml 6.93 525 7.36 663 71 M§ NS MS
Glucose, mg/100 ml - 74.1 74.4 76.7 72.8 16 NS N5 N5
Plasmg," pmoles/100 ml . ) SRR
Total EAA® ' ) 94,7 81.7 4.1 - 838 - 25 = NS NS -F7F
Total NEAA® 1664 1598 1611 11477 4.1 - ME NS
Plasma, % of roral EAA . : o . : - ,
Merhionine -, - : 2,05 237 2.74 314 14 **t NS NS
Arginine 11.44 1217 11.81 12.05 46 NS NS MN5T
Hisridine ) 5.43 6.40 6.22 .. 628 B * . N§
Isolencine 897 8.73 830 8.71 A7 NS NS NS
Leucine g . 17.2% 16.42 16.76 17.03 49 NS NS NS
Lysine - .t L 1108 10.88 10.33 9.23 50 ¢ NS NS
Phenylalanine o, 7.01 6.90 6.92 6.81 22 NS NS NS
Threonine . . 274 10,19 10.83 10.46 46 NS N§ N5
Tryptophan oL z8 2.594 2.73 210 ~ 39 NS NS NS
" Valine . 2419 23.00 2336 24.22 4B NS NS N3
Plasm, % of toral NEAA C . B . ) - L
Cystine - o 123 127 1.37 147 1T NS NS
Plasma, % of total EAA and NEAA o ’ ’ oo
Cystathionine =~ T 128 140 147 175~ o006 """ NS NS
Taurine : ‘240 2.42 ‘2,92 3.03 28 NS . NS NS .

! Srandard error for'n = 8 (serum) and n = 4 (plusma).

21inear (L), quadraric {(Q), mél_cubic (l.;Z)_ effects, d h o

3 Analysis on compasite sample from 0, 2, and 4 h postfeeding for cach calf. '

* Analysis on pocled sample from 0, 2, and 4 h poestfeeding for each pair of calves.

’Emnﬁa] amino acids include arginine, histidine, igoleucing, lysine, methionine, phenylalznine, threonine,
wyptophan, and valine. . :

tNonassential aming acids include alanine, aspartic acid, eystine, ghiramic acid, gluramine, glyzine, proline, -
serine, and tyrosine. T . e
?Nonsignifigant (P>>.05). ' : o L e
P05, : ' ’ ’
e pal 0.

veup 005,

(P<.05) of plasma c¢oncentration of lysine tive to toral amino acids in plasma increased

relative to other EAA with increasing meth- (P<.005) with inereasing amounrs of abomasal

- ionine infusion may indiczte that lysine is methionine; coneentration c:fA cystine relarive to

limiting following methionine when the de- total NEAA also increased (P<.01). Elévated
scribed ration is fed. Lysine would be expecred  cystine and cystathioning in plasma in response

to be sccond limiring in a ration comprised to incrcased methionine availability indicates

primarily of corn and'alfaifa protein for growing enhanced catabolism of methionine, Taurin¢ in

cattle (21). Concentrations of methionine plasma. was not affected significantly by mech-
relative to total EAA and cystathionine rela- ionine infusions. :

Yournel of Dalry Sciene# Vol. 68, No. 3, 1983
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Trial 2

This trial replicated Trial 1 except that 90 g
L-methioninc/kg ration wes infused in place of
1.2 g L-methionine. Trial 1 was replicared
because of rthrec missing observarions and
variability In nirtogen balance that we areribured
largely o poor fecd consumption. Further,

there were no indieations in either Trial 1 orin

(22) thar calves would respond positively o
1.20 g of supplemental Lemethionine/kg rarion
via abomasal infusion. Therefore, .90 g L-
m:thlonmc/kg ration was infused in this trial to
detcrmme if this infusate would be cxcessive,

"Results of the nitrogen balance study are in
Table 5. There were scven missing observations
in this trial because of poor consumprion of
feed by two calves and death of one caif by
bloat. In contrist to Trial 1, quadraric responses
(P<.05) in exerction of uring nitrogen and in
retained nitrogen occurred w:th infusion . of
incremental methionine. The decrease of daily
exererion of urine nitrogen and the increase of
retained nitrogen were maximized ar .30 [
L-m:thlonin:/kg ration, The abomasal infusion
of .30 and .60 g L-mcthionine/kg ration de-

pressed excretion of nitrogen in urine 12 and
9% as compared ro the negarive control infusate.
These responses are similar to the response with
infusion of .60 ¢ L-methionine in Trial 1 and
suggest that methionine s the . firse- hrmtmg
amino acid for ealves fed rhe described ration
under the imposed cxperimental conditions.
However, improvemnent of nitrogen urilization
with .30 ¢ L-methionine in this trial and lack of
such an effect in Trial 1 is uncxplained as
rations and zll other experimental condmons
were as similar as possible,

As in Trial 1, toral protein, albumm ur:a
nitrogen, and glucose in blood serum wére not
affécted by methionine treatments (Table
6). Concentrations in plasma of total EAA and

. total NEAA also did not differ with methionine

infusion (Table 6). Plasma methionine 1ncrea5ccl
in linear fashion (P<.05) 1o incremental infusion
of merhionine. No orthogonal contrasrs .were
significant for other plasma amino acids.
lowever, the abomasal infusion of .30 and .60
[ L-me:hmmne/kg fation tended to. depréss
lysine in plasma similar to Trial 1. Cysta.thmmm:
was not measured in this rrial, s

TABLE 3. Utilization of nitrogen by postweaned walves fed 2 ration based on corn and nlfllfa Pl'D'I:t:lI!l and

infused abomasally with incremeneal methionine, Trial 2.

Orthogonal
Infusate (g L-methionine/kg ration) contrasts?
ltem .0 .30 40 90 SE! L Q C
n 7 [] [ &
DM intake, g/day . 922 . 929 921 924
Nitrogen, g/day . oY
Intaka 1.1 1.3 - 21,1 21.2
" Infused 0" 03 .06 .08 .o
‘Feea] B.5 8.5 9.1 9.3 3 N§* NS | N§ |
Urine 7.0 6.2 5.4 7.8 & NE& . . N5
Retained 53 X 5.6 4.2 & N5 b NS -
Nitrogen, % of intake . : : T
Urine 33,2 0.8 30.9 7.5 2.7 NS NS NS
Retalned 23.6 10,0 255 17.2 3.3 N5 N& . NS .
Nitrogen, % of absorbed i
- Retained 397 . 49 442 0.4 5.7 5 NS NS -

! Srandard error forn = 7 .

*Linear (L), quadratic {Q), ahd cubje (C) conrrazrs,
* Nonsignificant (P>.05).

"P< 05,

.
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TABLE 8. Concenrration of sclected components in serum., and amine acids in plasma of postwenned culves
infused abumﬂ-ﬂ!}f with incremenral metkionine, Trial 3. .

Infusare (g L-methionine/kg ration)

Membolites | - 1} B 1 I .60 . 20 SE!
S-El."l.'l.l'l'l’ . . p—— . — - femame mm o mma - . .
Taoral protein, g/100 ml 6.92 6,87 7.06 7.04 10
| Albumin, g/100 ml .38 : 3.37 3.40 J.as 03
' Urea N, mg/100ml . 12,50 11.43 12.07 11.87 . Al
‘ Glucose, mg/100 m) . R2g 80.7 4.4 856 2.3
Plasms,” umoles/300 ml . ) ’
Total EAA* ‘ 8s5.2 86,0 90,5 97.0 6.7
Total NEA'A? 140.2 149.5 151.8 152.5 3.6
Plasma, % of toral EAA : :
- Mcthionine* © 78 3.26 .64 . i D Jr
‘ Arginine 15.29 1536 15.04 "15.5% 52
; Histidine . 647 6.37 6.95 6.07 0
' Isoleucine®’ 1672 - 12,78 10.21 12.04 LIS
Leucing - ‘ 14.81 1401 14,99 14.05 .70
Lysine 1008 - . 10.53 10.73 10.44 43
Phenylalanine . . e oen - "5.57 - - 1.87 - 557 T 575 23
Threonins® B.31 10,09 9.96 1084 . . .32
Tryptophan 2.76 2.80 245 (2.63 47
Valine 18.49 18.87 ° 243 18.49 . TR0
Plasma, % of toral NEAA . o
Cystine - 2.94 2.70 2,83 oo . 17
Plasma, % of roral EAA and NEAA o :
Taurine 2.80 205 4,27 4,13 63

! Standard error for 0 = § {scrum) and n = 4 (plasina). '
2 Analysis on compaosite sarnp]e from 0, 2, snd 4 h pogtieeding for each calf.
**Analysis on pmlcd sample from 0, 2, and 4h pustfccdmg for sach pa.]r of calves.

_} “Eggential imino acids 1nr.-lude nrg:mne h]stldmc |snlu:ucme. leucine, Jysine, me:hmmne phenyla]nmmi.,
threonine, and valine. - - .

~*Nonessential amm‘n ac!ds :nclude nln.mnc aap:u-tlc acid, cystine, glu:amn: aeid, glu:nmm: g]ycmc prullm:,
serine, and tyrosine. .

tLinear effact of treatment (P%?.‘Iﬁﬁ). "
" "Quadratic effect of weatment (P<.05).
. !Linear effect of treatment (£.005).

TABLE 9, Effect of advancing ag_'e‘;ui??:_:a.lves ori methionine and lysine in plasman,

, .Period of rials

- Drthdgnnal
-Ttem . T I 3 4 JBE' contrasts |
(% of total essential aming acids)

Trial 1 o .
Methionine 231 . . 264 2.54 2.81 14 I
Lyzine o 11.66 10.62 . 9.56 9.68 50 Lingar, P<.05
Merhionine 221 -, - 224 2.14 239 15 M5,

) Lysine 12,80 . 10.8% 11.67 9.89 53 Linear, P<.01

Trial 3 ‘ . - o
Methionine 2.84 T 342 3.54 3.58 22 NS . )
Lysim: .13 0s 10.64 9.35 8.74 43 Linegr, P<.005

! Srandaed error t'o: n=4
INonsignificant (P‘.‘:,Qs‘).__...-. .
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young calves, relative to methionine, must
increase with advancing age. '
The fundamental reason for supplementing
the sbsorbable amino acid pool wirh the
firstlimiting amino acid is to enhance the
pattern of amino acids for protein synthesis and
thus spare dierary protein. Alrhough  the
interaction between levels of dietary protein and
abomasally  infused methioninc on growth or
feed cificiency was not cxamined in this study
and (22), the amounr of distary crude protein
thay gpparenzly was spared with the optimum
infused merhionine ranged from 1 to 4 per-

" centage units (Table 10, column 9).Ir is un-

certain  whether these estimates represent
maximums for calves under described experi-

mental ¢onditions because it is not known

whether content of ration protein was low
enough not ro exceed their requirement for the
sccond limiting EAA. Although ration merhi-
onine was lowest in Trial 3 (Tahle 2), crude
protein (14,8% of DM) probably was sufficiently
high to alleviste part of the methionine de-

ficiency. Oprimum supplemental methionine.

supplied abomasally in (22) and in Trials 1'znd
2 of our study ranged from .30 to .60 mg/kg
ration consumed. These amounrs are in 2 to 4
percentage units of crude prorein in the rations
described and agree with estimates in Table 10
for those tials. ‘ .

In summary, methionine limits urilization of
dietary and absorbed nitrogen in early-weined
calves fed complere pellered starter rarions as
described in this smdy and (22), at leasr until
11 wh of age. Whether or not sufficient dietary
protein would be spared under conventionzl
rearing practices for consideration to be given
0 commercial supplementation of starrer
rations with ruminally protecred methionine
remains to be determined.
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