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REPORT ON
XVITI CONFERENCE ON RUMEN FURCTION
held at
Americana Congress Hatel, Chicago, Tllinois
November 13-14, 1985

For the purpose of discussion, the program was divided into four panels. The
identity of the panels and the chairman of each follows:

GENERAL CHATRMAN —— M, J. Allison --- ARS, USDA

fa)} Physiopathology W. M. Wass

(b) Agronomy J. C. Burns

{¢} Microbiology J. B. Russell

{d) Nutritionm J. T. Huber
PFYSTOPATHECLOGY

Rlood, Urine, and Rumen Fluid Changes Induced by Duodenzl Obstruction - T. B.
Avery, T. (. Nagaraja, ard R. A. Frey, Kansas State University, Manhattan, KS.

Three rumen and dundenal-cannulated cattle were used to study acid-base and
electrolyte changes agsocisted with metaholiec alkalosis induced by duoderal
obstruction. Obstruction was induced distal to the pylorus but proximal to
the common bile duct entrance. Rumen fluid, blood, and urine samples were
collected before and after obstruction. DNuedenal obstruction resulted in
severe hvpochloremia with a marked increase in bloed pF 2nd bicarbonate
concertratinn., Packed cell volume, serum total protein, creatinine, and urea
nitrogenr increased while potass*um and to & lesser degree sodium decreased.
Urinary changes followed & biphasic pattern. Renzl excretion of sodium and
potasaium increased initially but declined later. Wrine pP increased
initially but decreased later. Reral chloride loss reached near zerc in 24
hours. Rumen pH decreased and chloride concentration increased indicating
reflux of abomasal contents.

Efficacy of Activated Charcoal in the Trestment of Acute Grain Overload -
¥W. B. Buck, University of Illinovis, DUrbana, IL.

Girain engorgemrent toxicosis in ruminarts probably invelves not onlv a lactic
acidosis but, more importantly, an endotoxic shock syndrome. The endotoxemia
results from toxins released hv the destruction of large numbers of gram
negative microorgarisms in the rumen. This results in a temporary
disappearance of circulatory svstem vwhite blood cells, rumern atony,
circulatory collapse and CNS depression. Activated charccal appears to be
effective in the treatment of grain overload by adsorbing the endotoxins.
Field reports by veterinarians to the NAPCC indicate that grain engorged
animals in a recumbent pos!tion and near a comatose state have recoverad
within a 24-hour period after being given activated charcoal srd bicarbonate.
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Rumen Moti1litv and Aflatoxin Metabolism in Acute Fovine Aflatoxicesis - W. O.
Cook and J. L. Richard, Ccllege of Veterinary Medicine, Tniversity of
Illirecis, Urbara, IL, and National Animzl Disease Center, ARS, USDA, Ames, TA.

The effects of aflatoxin on bovine rumen motility were irvestigated with the
aid of radiotelemetry. Aflatoxin altered amplitude and/or frequency of rumen
contractiors in steers given 0.2 to 0.8 mg of aflatoxin/kg EW. Alterations in
rumen nmotllity were detected 24 hours after aflatoxin adminigtration.

Evidence of normal rumen motility was pregent within 2 to 3 davs after
alteratione eppeared. Decreased elimination of aflatorin from rumens was
observed in steers given 0.4 to 0.8 mg of aflatoxin/kg BW. Effects of
aflatoxin cn rumen motility appeared to be dose dependent, Changes in ruvmen
motility coincided in time with clinical obgervations of snorexla and severity
of liver darage detected by clinical patholegy. Aflatozipn M, was detected in
relatively high concertrations in rumen contents 2 hours afté@r aflatexin
aedministration. This suggested intraruminal metabolism of aflatoxin B] to H].

Structure of the PReactive Intermediate of 3-Methylindole Respensible for Acute
Lung Iniury - !. R. Carlson, M. R. Nocerini, G. 5. Yost, D. J. T.iberato, Dept.
of Animal Sciences and College of Pharmacy, Washington State University,
Pullman, WA, and WIH-NICHD.

3-Methylindole (3MI) is a ruminal fermentation product of tryptophan that
causes acute lung infury in ruminants, horses, and some other animals. The
effects of 3IMT are organ, cell and species specific. The lung i= the tarpet
organ and injury reaults from cytotoxic effects to the Type T alveclar epithe-
lial cells and nonciliated bronchiolar epithelial (Clara) cells ir ruminants
while cenly Clara cells are damaged in horses. Cytotoxic affects are mediated
through mixed function oxidase metabolism of 3MI which causes the formation of
a highly reactive intermediate that covalentlv binds to cellular macromole-
cules. The amount of covalent binding cf the reactive intermediate is propor-
tional te dnse and the severity of Jung injury. This reactive intermediate
can be detox’fied by conjugation with gluthathione to form a 3MI-GSH adduct
which has been lanlated uging HPLC techniques. Conjugation aof 3MI with
gluthathione is inversely propertional to covalent binding and the severity of
lung injury.

Studies were undertaken to identify the structure of the reactive intermediate
using thermespray liquid chromatography/mass spectrometry along with leznd
NMR spectrometry. Geat lung microsomes were incubated for 1 hour with ~ C-
3MI, glutathione, and a NADPH generating system. The adduct was isolated from
the incubation supernatant by reverse phase HPLC. The adduct was identified
by UV absorbance and radioprofiles zs previously reported. UV spectral analy-
21s indicated an absorption maximum at 216 and 280 nm suggesting that the in-
dole ring was intact. Using mass spectroscopy, a molecular ion of m/z 437 was
obtained corresponding to the molecular weight of a GSH-3IMI adduct. Fragments
of the adduct appear at 147 and 130 correspanding to cleavzge of amina acid
fragments from the tripeptide. INMR results demonstrated that coniugation
occurs at the methyl group of 3MI and the 3MI-GSH adduct was shown to be 3-
(glutachion-5-v])-methyl indole., The most likelv structure of the reactive
Intermediate of 3MT responsible for acute lung injury is the imine methide of
JMI. These firdings are consistent with formation of known end products of
3MI metabolism.



Feed Aversion Induced in Cattle by Rumen Infusion of Larkspur Extract
or Lithium Chloride

Jy De Olsen and M, H. Ralphs, USDA, Agricultural Research Service,
Poisonous Plant Research Laboratory, Logan, UT

Cattle poisoning by larkspur on rangelands could be greatly reduced if
persistent aversion to the plant could be induced.

In a preliminary experiment, we induced a strong feed aversion to alfalfa
pellets by pairing feeding of the pellets with infusion of larkspur extract or
Tithium chloride solution into the rumen of cattle.

Twelve Hereford heifers were surgically prepared for infusion via a rumen
catheter and were randomly assigned to 3 conditioning treatments (I Larkspur
extract; II Lithium chloride solution; IIl Saline control). A1l heifers were
given a basal ration of meadow grass hay throughout the persistence phase of
the experiment. After 3 weeks of basal ration all heifers were offered a
novel ration of alfalfa pellets in a 2-Phase, one-day feeding regimen. In
Phase 1, amount eaten within 45 minutes was measured by weigh-back of uneatean
pellets. In Phase 2 all heifers having eaten > 150 g of pellets were offered
the balance of uneaten pellets and given infusions of one of the solutions
listed above. Five single-day feedings of pellets were given at 2- or 3-day
intervals to induce feed aversion. All animals in Groups I and Il developed
aversion to pellets by the 5th single-day feeding.

Persistence of aversion was tested by measuring alfalfa pellets eaten
during a 45-minute period (Phase I only) at intervals up to 35 weeks. The
mean intake of pellets by the Tarkspur group (356 g = 398) and lithium group
(415 £ 651) was still significantly less than the control group (2360 + 1258)
at 35 weeks after the aversion was induced. Twa animals in each of the
lTarkspur and lithium groups began to show some extinction of the aversion by
12 weeks after the induction pericd One control animal had a marked varia-
tion in consumption of alfalfa pellets which reached a low of 530 g at 35
weeks.

This study confirmed that cattle have a neurophysiologic mechanism for
forming a strong feed aversion. Intraruminal infusion of larkspur extract or
lithium chloride induced a strong aversion which persisted for at 1east 35

weeks. Extinction of the aversion began in some animals by 12 weeks after the
induction period.
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J. G. BUCHANAN-SMITH, Dept. of Animal and Poultry Sci., University of
Guelph, Guelph, ONT,, NIG 2Wl

It is appreciated that potential forage intake is reduced through the en-
siling process. Taste and smell of silage constituents may be partially
responsible. Given 3 choice, ruminants generally prefer to eat silage with
lower rather than higher levels of constituents. However, ruminants fed
silage, in common production systems, don't have a choice. The objective of
this research was to determine if silage constituents can induce feed re-
jection when no cholice is given, Four or five mature wethers fitted with
esophageal cannulae (1) were usec. Each experiment consisted of offering
the wethers, starved for S h, silage (30-60% DM) and water and/or silage
extracts (1:1.5, w/w) and measuring sham intake over a 30 min. period. The
water contained pure silage constituents or was mixed with extracts in
differing proportions. Eight studies testing different constituents or
levels of extracts, 1in 4x4 or 5x5 latin sguare designs, were conducted.
BEach study was preceded by adaptation of sheep to each constituent or ex-
tract over 10d. The following summarizes results of these studies:

Study No. Item_and Maximum Level Tested Result
1 Silage extract, good quality, to full amount No effect (P>0.1)
2 Silage extract, poor quality, to full amount No effect (P>0.1)
3 Lactic and acetic acids to 5.2 and 3.6g9/100
g silage DM, respectively No effect (P>D,1)
4 Acetic acid to B.Bg/100g silage DM Linear inhibition
of intake (P<0.035)
S Butyric and acetic acids to 5.4 and 3.6g/100
g silage DM, respectively No effect (P>0.1)
6 Armonia to 0.39g NH4-N/100g silage DM No effect (P>).1)
7 Free amino acids to 1.38g NH2-N/100 g silage GBuadratic inhibi-
DM tion of intake
(P<0.1)
8 GABA, putrescine and cadaverine to 1.11, Buadratic enhance-
0.67 and 0.67g NH2-N/100g silage DN, ment of intake
respectively (P<0.03

It was concluded that ensiling should not inhibit intake by oro—pharyngeal
mechanisms apart from any instance where a silage contains extremely ele-
vated levels of acetic acid, without lactic acid being elevated also, or
extremely elevated levels of free amino acids.

1. Chapman, H. W. and Grovum, W. L. 1984, Esophageal fistulation of sheep
for sham feeding studies. Can. J. Anim. Sci. 64(Suppl.):106-107.



AGRONOMY

Animal and Plant Productivity as Affected by Globally Synchroncus dnnuzl
Changes in Available Soil Minerals - C. H. Mullenax, Univ. Coop. Extension
Prog., University of Misscuri, Columbia, MO.

Current research ard an on~going retrospective review of world literature (n =
220) provide strong evidence that, independent of the traditiorzl climatic
variableg except at their extremes, there occur svnchromeusly around the globe
marked decresses in seil, plant, and animal productivity parameters each year
during the perind May to August. These include: (1) Decreases, modified by
501l type and depth, iv available (extractable) soil nutrients fellowed in
September-November by an "efflux" of these nutrierts: (2) Decreases in dry
matter production and in foliar and root uutrient content of physialegically
voung (e.g. continuocusly grazed) forages; (3} Decreases in grzinm produced by
cereals planted in June vg. May ir the Northern Hemisphere, or May/Tune vs.
October /November where the climate permits successive plartings; and (&)
Decreased productivity and health status of pastured livestock. Secondary
decreases of lesser magnitude may be seen during December/January in geo-
graphlc areas climaztically szuitable for plant growth at this time.

In both the Southern and Northern Hemispheres, whether causally or colnci-
dentally, these decreases cccur synchronously with the down phases of the
equatorial electrojet, the seasonal variations in the Sg current system, and
the global atmospheric electric cireuit.

Other agricultural consequences of these phenomena include marked proliferas-
tion of fungi associated with the debilitated plants, the mycotoxins of some
of which exacerbate pre-existing nutritional deficiency/imbalance syndromes in
grazing animals. This 1s exemplified by a beriberi-like, thiamin-respomsive
syndrome in cattle pastured on wet tropicsl savannag in South America.

Soil and forage analyses guide the application of means fer modifying the
affacts of the down phase, some of which are: (1) Precise formulation (ip-
cluding of the fungistatic elements) and application of complete fertilizars;
(2) Exploitation of newlr planted and/or shallow-rooted species of plants
(e.g. in pasture "renovation"); (3) Early planting of crops im the Forthern
HAemisphere; andé (4) Use of growth (production) promoting agents in grazing
livegtock. Some which have been found to be effective under various condi-
tions include flavofosfolipel, thiamin, movensin, and zeralancre.

Other biorhythms functioning on similar cyeles in animals and their psrasites
are mentioned as points of potentlal confusion to be avolded in data inter-
pretation.



Ionophore Effects in Spring-Calving Beef Cows Grazing Tetany-Prone Tall
Fescue. J. A. BOLING, N. BAY, G, M. DAVENPORT, L. D. BUNTING, K. A. DAWSON
and K. M., MEEKINS, Department of Animal Sciences, University of Kentucky,
Lexington, KY 40546.

Thirty-two spring-calving beef cows of Hereford, Angus and Hereford x
Angus breeding were used to study the influence of lasalocid on selected blood
and rumen constituents when grazing tetany-prone tall fescue pasture. The caws
averaged 6.2 years of age and were allotted to four groups by age and breed.
tach group was randomly assigned to one of four tall fescue pastures of 5.66
ha each. Cows in the control treatment were fed 0.91 kg of supplement per head
daily which contained 56 g steamed bone meal, 42 g trace mineral salt, 30,000
[.U. vitamin A and the remainder ground shelled corn. The lasalocid treatment
was fed 300 mg lasalocid per head daily in a supplement of similar compasition.
Both supplements analyzed 0.13% magnesium. The study was inijtiated March 6 and
terminated May 1. Blood samples were taken by jugular puncture and placed in
heparinized tubes on days 7, 14, 28, 42 and 56 of the trial. Forage samples
were taken from four sites within each pasture on these same dates. Rumen
fluid samples were taken by stomach tube on day 42.

Forage composition was similar in pastures grazed by the control and
lasalocid-fed cows. Tall fescue forage throughout the trial (5 sampling times
and 16 samples per time) averaged 0.19% magnesium, 21.2% crude protein, 3.1%
patassium, 0.77% sodium, 0.62% calcium and 0.33% phosphorus on a dry matter
basis. Rumen fluid constituents measured on day 42 for control and lasalocid
cows, respectively, were: Mg-4.28, 4.24 mg/dl; K-24.8, 22.7 meq/1; Na-133,

136 meq/1; NH3-N-7.98, 8.96 mg/d1. Plasma constituents measured across all
sampling times for control and lasalocid cows, respectively, were: Mg-2.05,
1.87 mg/d1; Ca-9.48, 9.36 mg/dl; P-5.07, 5.49 mg/dl; urea-N-20.3, 19.4 mg/dl;
K-6.20, 6.09 meg/1; Na-181, 182 meq/1. Two cows in the control group deve-
Toped hypomagnesemic tetany {collapse). The dates of tetany were April 3 and
April 11. Even though plasma magnesium concentrations were slightly lower in
lasalocid-fed cows than in controls, none of the cows fed lasalocid develgped
hypomagnesemic tetany.



Use of Tethered Steers for Estimating Intake of Fescue Pasture,

R. A, HIIgﬂgQggl, R. B. MUNTIFERINGL, W. W.BBRADLEYI, A. WAHARZ, P. J.
BALLERSTEDTZ, C. T. DOUGHERTYZ, R. B. RAZOR™ and E. M. SMITH3, Departments
of Animal Sciencesl, Agronomy“ and Agricultural Engineering~”, University of
Kentucky, Lexington, KY 40546-0215.

We have developed a simple experimental grazing system using tethered
steers which eliminates or greatly minimizes error duve to variables

other than the forage(s) under study, possesses desirable and efficient
experimental design characteristies, and provides reliable quantitative
informarion regarding the animal-forage interface. In the first of a
series of experiments conducted during the summers of 1984 and 1985, six
half-sib yvearling Angus steers (init. wt., 281 kg) were assigned to graze
on two Kentucky-31 tall fescue pastures (three steers/pasture) for 5 wk.
Pastures were clipped in sections to establish a system in which grazing
could be continued for 1 wk at an approximately uniform stage of vegetative.
regrowth., Each wk thus represented a specific regrowth (7, 14, 21, 28 and
35 d) stage. Grazing time was limited to two periods/d beginning at at
0800 and 1400 h. On the average, satiety was achieved after 2 h of con-
tinual grazing in each period. Torage availability was controlled by
adjusting tether length, which was set at approximately twice the esti-
mated daily dry matter (DM) intake. Fecal DM output was measured by
Cr203 cancentration in grab sample composites. Across all regrowth
periods, forage DM digestibility estimated by reference to lignin ratio
(63.4%) and IVDMD (59.7%) differed (P<.05). Daily DM intake (kg, g/BW-’2
and % of BW) across all regrowth periods differed (P<.05) between lignin
ratio and IVDMD methods (9.1, 125.9 and 3.0 vs 7.7, 107.4 and 2.6, re-
spectively)., Coefficients of wvariability associated with estimates of
digestibility and intake were lower far IVDMD than lignin ratio. Overall
daily liveweight gain for the trial averaged 1.1 kg. Use of tethered
steers represents a labor-efficient and cost-effective methad for deter-
mining the intake potential of forage. Its application has since been
extanded to inmclude intensive study of intake compenents (biting rate,
bite size) as a function of physical/chemical aspects of forage, forage

species and availability, and level of energy supplemencation.



Digestion of Normal and Brown Midrib Sorghum, D. E. Akin, L. L, Rigsby, M. E.
Snook, D. S. Hipmelsbach, F. E. Barton, II, and W. R. Windham, ARS, USDA,
Ruesell Research Center, Athens, GA; and W. W. Hanna, ARS, USDA, Coastal Plain
Experiment Station, Tifton, GA. :

Reduced lignin contents of the brown midrib (bmr)} mutation in Sorghum
bicolor L. Moench results in improved cell wall digestibilities compared with
normal plants. A collaborative effort was undertaken to elucidate biological
and chemical characteristics altered by the bmr mutation in line 12 (Porter et
al., 1978, Crop Sci. 18:205). No differemces occurred in the lignin histology
or in the proportion of tissues in leaves between plants types. Scaunning
electron microscopy showed that the adaxial sclerenchyma and the parenchyma
bundle sheaths in the non midrib portion of leaf blades was more readily
degraded by rumen microorganisme in bmr compared with normal plants. In the
midrib portion, the parenchyma cells were more readily degraded in bmr leaf
blades, 1In vitre dry matter digestibilities showed that the midrib
digestibility wae 55X and 771 for normal and bmr plants, respectively, and the
pon midrib portion was 73% and 76X. The more rigid and lignified tissuves (e.
g., xylem) were not degraded in either plant type. Leaf blades of bmr plaats
were lower (P<.05) in neutral detergent fiber and permanganate lignin (PML)
and leaf sheaths were significantly lower in PML. Solid-state nuclear
magnetic resonance (NMR) spectroscopy suggested that bmr had lower amounts of
bound syringyl moieties, which may relate to the improved digestibility of
midrib parenchyma in bmr leaves. Six phenolic acids were identified in
extracts (1 N NaOH) from each plant type, and the predominant acids were
p-coumaric and ferulic. p-Coumsric acid, which is the most toxic scid in in
vitro systems, was sigrificantly lower in bwr leaves. Data suggest that
reduced levels of phenolic acids, especially p—coumaric acid, and reduced
levels of etherated syringyl moieties in conjunction with reduced lignin
levels result in improved degradation of marginally digested tissuee in bmr
plants, but the highly lignified tissue types are not degraded in either plant
type.



Dry matter intake by sieers and apparent digestion coefficients for dry
matter and cell wall constituents of subtropical grasses with similar NDF
concentrationa. J. C. Burns, R. D. Mochrie and D. H. Timothy, USDA, ARS and
Departments of Crop Science and Animal Science, Worth Carolina State
University, Raleigh, NC 27695.

Coastal bermudagrass [Cynodon dactyleon (L.) Pers.] has served a2 an important
forage in the scuthern USA. However, its use as a growing or conditioning
forage for yearlings has not been satisfactory. Gemnerally, steer daily gains
have averaged less than 0.5 kg. Other subtropical perennials as flaccidgrass
(Pennisetum flaccidum Griseb.) and switchgrass (Panicum virgatum L.) have
given steer daily gains of about 1.0 kg. The objective of this study was to
compare dry matter intaks and apparent digestion coefficients for dry matter
and cell wells and constituent cell wall fractions of Comatal bermudagrass
(CB) with thoae of flaccidgrass (FPG) and switchgrass (SG) when cell wall
concentrations were gimiler. Tall fescue {Featuca asrundinacea Schreb.) was
included for comparison to a temperate forage. The hays, fed to Holstein
heifers in two 4 x 4 Latin squares, had NDF concentrations for CB, 3G, FG and
tall fescue {T%¥) of 74.2, 75.3, 71.0 and 62.1 %, respectively. Dry matter
intake (kg/100 kg body weight) averaged (n = 8) highest (P < 0.05) for CB
(2.70), lowest for SG (2.09) and similar to TF (2.25) with 7T and FG inter-
mediats and similar {2.29). In vivo digestion coefficients obtained following
only the fourih period of the intake phase averzged (n = 2) lowest for CB
(0.435) and similar for the others (0.587). Respeciive valuezs for acid
detergent fiber, hemicellulose and cellulose of CB were $.435, 0.537 and
0.517. These were each lower than obtained for the other three forages which
had similar valuss averaging 0.587, 0.722 and 0.67%, respectively. The higher
dry matter intake for CB but lower digestion coefficients for dry matter and
fiber fractions (at similer NDF concentrations) suggests that CB is appar-
ently reduced more in the mastication and rumination process than are the
other faorages, but the resulting particles are less well utilized by rumen
organisms.
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Inhibition of cellulose digestion by esterified cinnamic acids. H. G. JUNG and
T. SAHLU, USDA, ARS, Clay Center, NE 68833

Cinnamic acids commonly found in forages were esterified to cellulose and tested
for their inhibition of cellulose degradation by mixed cultures of rumen
microorganisms in vitro. Concentrations of cinnamic acids used in the cellulase
esterification procedure were 20-100 g-kg'l, but measurewent of actual ester
cancentrations by alkaline extraction were not possible for solxa floc cellulose
and ranged from 0 to 9.5 g-kg'l for Whatman No. 54 filter paper cellulose.
Cinnamic acid esters significantly depressed cellulese digesticn. For both
cellulose sources, caffeic acid was the most inhibitory compound. Solka floc
cellulose digestion was also inhibited by sinapic acid, whereas p-coumaric and
ferulic acids also depressed digestion of filter paper cellulose. The fact that
the linear model of cellulose digestion as a function of original treatment con-
centration gave a better fit to the data than the model of digestibility as a
function of measured alkali-labile ester concentration implies that alkali
extraction does not accurately quantify cinnamic acids in forages. The propor-
tions of volatile fatty acids produced by fermentation of filter paper were not
altered by c¢innamic acid esters. Esterified cinnamic acids depressed cellulose
digestion to a significantly greater extent than did free cinnamic acids. The
data suggest that the natural form of cinnamic acids (ester-linked to cell wall
fiber) are inhibitors of microbial digestion at concentrations reported to occur

in forages.
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Comparison of Rumen-Fistula with Stomach-Tube Collected Ruminal Fluid Tnocula
in Batch Culture Fermentation - M. L. Ogilvie, J. A. Z, Leedle, R. C. Greening
and D, DN. Kratzer, The Upjohn Company, Kalamazoo, M7,

A study wes conducted to compare the in vitro fermentation characteristics
from inocula taken by stomach tube via the esophagus nr through the rumen
cannula of fistulated heifers fed a 70% concentrate--30% corn silazge diet.
Ruminal contents, obtained {rom each of six animals on two separate days, were
squeezed through two layers of cheesecloth, diluted 10 fold with buffer and
ircubated in batch culture with .5 g ground feed. Charactericstics measured
after 0, 6, 12 and 24 hours of fermentation were: pH, drvy matter, ammonia-N,
Tactic acid and veolatile fatty acids (VFAs). Total pas and methane production
were monitored hourly,

The proportions and concentrations of individual VFAs together with the
patterns of total gas and methane productior demonstrated that typical in
vitro fermentatione were established and msintained over the 24 hour
incubatior period. Accumulation of the fermentation products was accompanied
by a corresponding utilization of substrate dry matter and 2z decline In pRH.
Mean values of all the fermentation characteristics were not gignificantly
different (P < .05) for inocula from the two sources. Total gas and methane
production data showed exponential and sipmoldal appearance curves having
nearly identical ronlinear regression eauations for either stomach tube or
fistula ruminal fluid sowrces. A significant effect due to dav of sampling
was limited te concentrations ¢f some but not all VFAs ard was not ev!dent for
pF, dry matter, ammonia-N, lactic acid and total gas or methanre production.
These results Indicated that strained ruminal fluid taken from the same animal
either by aspiration through a stomach tube or through the czrnula of a rumen
fistula responded the same when incubated in a typical bateh culture system.
Pased upon these measuremerts, the samples of rumiral contents taken by either
of the two sampling procedures were assumed t¢ vield similar micrebial
populations,
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EVALUATION OF AN IK VITRO SYSTZY USTHRG

A WASHEZD BACTIZRIAL INCCULUM

Evaluation of an in viirs svsien using = washed nacterial inoculum.
J, Argvle, Dept. of Animal Sci, University of Californis at Davis, Davis,
CA, and R. B, Hezpell, Norithern Regionzl Research Center, AR3, USDA,

Pecoria, IL.

We wanted to demornsirate that an in vitre fermentation sysiem in which
ruminal fluid was replaced by a2 washed bacterial suspension as inoculum
and a buffer containing mest of the rumen microbial growth factore could
produce 2 rumen like fermentaticn., This system would be free from the
variability and interference seen when using ruminal fiuid as a source
of growth factors, The number of cellulolytic organisms present in

the washed cell suspensicn was snown to be lower than the number present
in ruminel fiuid, but the difference was statistically not significant.
Methane preduction in cultures inoculateg with a washed cell suspensicn
was lower than that from ruminal fluid inoculated cultures, but the
kinetics changed in both cuitures at the same time, indicating that

the difference was due to fermentation of substances in the ruminal
fluid. The methancgenic population in cultures inoculated with the
washed cell suspension was shown to remain viable for three days, and
then rapidily declined. Examination of suspension inoculated cultures
for abnormal fermentation products revealed that ethanol and succinate
were not produced. A small lactate peak was seen only zt 2 hours.
Traces of hydrogen were produced during the first few hours, but were
never significant. The VFA were produced in the expected ratiocs,
Ammonia was not produced from alfalfa until after 18 hours, but was
shown to be taken up during the first 12 hours when supplied exogenously.
In spite of a need for ammonia, the presence of a source of ammonia

in the buffer did not have any effect on CHu or VFA production, but

did increase the number of bacteria after 12 hours. Digestion of dry
matter and RDF could be shown within 2 hours e¢f inoculation. We concluded
that a washed bacterial suspension can te used in place of ruminel fluid

if more defined Eﬂ vitro conditions are desired.
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Adaptatien of a Semicontinuocus System to Test the Effertrs of Chemiecale en
Rumen Fermentatien - ¥. F. Machado, E. M. Cock, and P. Kone, Tept., of Apnimal
Science, Michigan State Universitv, Fast Lensing, MI 48824,

A semicontinucus technioue was adapted o investigate the influence of
monensin (M) and iscacids (I} on rumen fermentation. The system concisted of
a 250 ml erlemnmever fitted with a manometer fcr total gas mezsurement and
perts for culture transfer. The procedure was based on daily replacement of
30 ml of the old culture by the same amount of the new media for a2 period of
10 days. The culture wzgs establisted using ineculum from a cow fed tymethy
hay. The media contsined wheat straw, urez zrnd ammonium sulfate (1.0 g, 0.1 g
and 0.05 /100 ml, respectivelv), mirerals and vitamins. On the fourth dav, M
(400 ug/100 ml), I (equal proportions of isobutyric, 2-M-butyriec, isovaleric
and valeric acids) (4 »g/100 wl), M plus T [(M+T)/2] (200 ug and 2 mg/100 ml,
respectively) and ¥ plus T (M+I) (400 pp and 4 mg/100 ml, respectively), were
added to 8 series of three flacsks per tresntment. From the fifth to the tenth
day, only half dome of the chemicals were added. Fetablishment of rumen-like
fermentation was confirmed by low H, concentrations and normal propertions of
acetate, propionate ané butyrate throughour rhe trial. Acetate production was
increased in M+I in relation to M flasks (3.77 vs. 2.30 meq/100 ml) (P <
0.10). Methane production in relation te the contrel (14,05%), decreased in ¥
and (M+I)/? flasks, but increased in M+I (5.947, 9.48% zrd 17.85Z,
respectively) (P < 0.05), Total gas preduction, By 2rd NAs-N levels were not
influenced by chemicals.

The combination of monensin and isvacids may have resulted in outgrowth of
Bacteroldes succineogenes, leading te a higher degradation of cellulose in M+I
in relation to ¥ flasks. The combination, however, did not eliminate the
effect of monensin in Increasing propionate productien.
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Rumen Microbial Development in Early or Conventionslly-weaned Calves - K. L.
Andersomn, T. . Nagaraja, J. L. Morrill, and T. R. Avery, Department of Animal
Sciences, Kansas State University, Marhattan, FF.

Eight bull calves were rumen fistulated at 3 days of age, and allocated to one
of twe weaning programs. All calves were fed colestrum for 3 days after birth
and milk until weaning. Calves in the conventional weaning program were fed a
starter diet and weaned at 6 weeks of age. In the earlv-weaning program,
calves were fed a highly palatable prestarter diet composed of milk selids,
supplementary fat and additives until] they consumed 250 g per ¢sy and then fed
the starter diet sd libitum. Calves in this group were weaned at 4 weeks of
age. Rumen samples were collected at weekly intervals for up to 17 weeks of
age and analvzed for microbial types and fermentatlion products,

Calves in both groups had similar petterns of rumen microbial development.
Total volatile fatty acid concentrations increased progressively ir both
groupe. (Calves in the early-weaned group, however, had higher concentration
of total rumen volatile fatty acids at an earlier age than the calves in the
conventional weaning program. Thig was accompanied by & trené toward higher
concentrations of lactate and lower rumen pB in this group during their first
four weeks of age. Lactate and ammonia concentraticns decreased with calf
growth. Amylolytie, proteclytiec, lactobacilli, lactate utilizers, cellulo-
lytie, and methanogenic bacterial populations increased progressively im both
groups. Cellulelytic and methanogenic organisms were present in both groups
at 3 dave of age. The total anaerobic bacterial counts increased only
glightly as the calves developed, while Streptotoccus sp. and facultative
bacterial populations decreased with calf growth. No protcnzoa was detected in
calves of either group. 1Im general, the most significant changes in microbial
populations and metabolic products in beth groupe occurred between 3 and 4
weeks of age.

Recent Advances in Bacteroides Genetice - A. A. Salvers and N. B. Shoemaker,
Dept. of Microbiology, University of Tllinois, Urbana, IL.

Shuttle vectors which replicate In both E. coli and Racteroides and which can
be mobilized from E., coli te Bacteroides are now available (pES-2, pDP1).
Since antibiotiec resistances and replication origins of E. colil generally do
not work in Racteroides and vice versa, these shuttle vectors contain resis-
tance genes and replication origins for both E. coli and Bacteroildes., Mohili-
zasznn from E. coli to Bacteroides occurs at highest frequencies (10 ~ to

10 ) if maE%ngs are done aerobically. Frequencies are lower for anaerobic
matings (10 7 te 10 ). Recently, transfer of shuttle vectors among
Bacteroldes has been achieved. In this case, anaerobic matings give the
highest frequencies. A Bacteroides transposon, Tnd351, has been discovered
and can be introduced into Bactercides on a broad host range E. coli plasmid,
R751. Tn435]1 ingerts itself snd can also mediate cointegration of R751 in the
Bacteroides chromosomes. FR751 transfer functions appear not to work in
Bacteroides. Tn4351 insertions produce auxotrophs. Thus, Tn435]1 may prove
useful for mutagenesis of Bacteroldes. Mutarions in specific Ractercvides
genes have also been made by recombinational insertion into the Bacteroides
chromosome of a segment of a gene that was clomed into a suicide vector.
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Phenolie Compounds and Fumen Bacteria - Scott Bormemesn and D. E. Akin,
ARS-USDA, Russell Research Center, Athens, GA.

14
i

Phenolic compounds have been suggested as a limitation to forage digestibility
by bindirg with carbohydrates or exhibiting toxicity to rumen micronrganisms.
Phenolic acids =g well as partially metabolized phenaliec acide provide a di-
verse group of pheunclic compourds in the envirenment of the rumen pepulation.
Work presented hera gives the disposition of rumen microorgarisms to a series
of phenclic compounds and cencentratiens in order to acquire furdamertal in-
formation on the potential limits tc forage utilization., Ruminococcus albus
7, R, flavefaciens FD~1, Putvrivibrio fibrisalvens 49, and lLachnospira multi-
Eaf;s D-32 were tested agzinst 1, 5, ard 10 mM concentrations cf ten phenclic
compounds. Influence on growth was evalusted by compsring growth rate and
maximum absorbance of cultures grown Iv complete media with or without the
phenclic compcunds. Responses were mixed and depended upon the phenolic com-
pound and the microbial species. Compounds especially toxic {(i.e., poor
growth, effect on several species, dose response) were p-coumaric acid and p~
hydroxybenzaldehvde, Syringie, p-hydroxybenzoic, ard hvdrocivpamic acids
stimulated growth of most of the microbes tested, and the former two compounds
stimulated filter paper degradation by R, flavefaciens, MNone of the stimula-
tory compounds supperied micrebial growth in the absence of carbohydrates.
Solka Floc digestion hy rumen fluié wes net stimulated by the phenoliec com-
pounds (10 mM), hut the phenyl propanoid acids and pherylaldehydes (10 mM)
reduced (P<.05) digestion by the mixed populations 1r rumen fluid. Our re-
sults chowed that responses for these pure cultures were not always Indicative
of that for the whole population, but phenvlpropannid aclds and phenvlalde~
hvdes were especially toxic to microbes degrading Solka Floe.

Effect of 3-Phenylpropaneic Acid on the Growth and Celiulolytic Activity of
Selected Rumina] Racteria - R. J. Stack and M, A, Cotta, USDA-ARS, Kertherm
Pegionzl Research Center, 1815 K. University Streest, Pecria, IL.

Puminococcus albus strain & requires 3-phenvlpropanoic acid (PPA), a normal
constituent of rumen fluid, for optimum rates of growth in a defined medium
with cellulose as the carhon and energy source. Cells prown In the presence
of PPA produce large extracellular muralytic (cell wall-degraded) enzvme com-
plexes apparently derived from the release or sloughing off of capsular
material. These complexes contain 8-12 polypeptide components and an amine
acid/carbohydrate~containing material with covalently-linked PPA,

RPecent difficulties encountered by several workers trying to grow cellulelytic
ruminal bacteria or various detined media prompted us to examine the effect of
PPA on cellulose utilizatier by some of these organisms. PPA had no effect on
rates of cellulose utilization for Ruminococcus flavefaciens strains FD1 or
C94 or Butvrivibrio fibrisolvens strains 12, 49, or A38. With Ruminococcus
albus strain 7, however, PPA greatly enhanced rates of cellulose utiliization
while having little effact on growth rates i1f cellobiose were substituted for
celluiose in the medium. We suggest that PPA-stimulation of cellulose utili-
zation might be a useful taxonomie teol] for Gistinguishing between K. albus
and R. flavefaciens. N
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Some New Rumen Bacteria Capable of Phenolic Ceonversions. Lee R.
Krumholz and M.P. Bryant. Dept. of Animal Science, Univ. of
Illinois, Urbana, Illinois 61801.

Phenolic compounds are ubiquitous in plants and are found at
levels of up tc several percent of the dry weight in forages fed
to ruminants. A number of biological effects ¢f phenolics have
recently been proposed, which include suppressed growth of rats
and chicks, and inhibition of the growth and cellulolytic
activity of rumen hacteria.

In order to understand the effects of phenclics within the
rumen and on the ruminant, the possible conversions of phenolic
compounds have been studied and bacteria capable of carrying out
these processes isolated., Bacteria capable of modifving gallate
(3,4,5—trihydroxybenzoate) within the rumen were enumerated by
log fold dilutiaon to extinction (MPN). The phenolic products
were identified and guantitated at each dilution. Those capable
of decarboxylating gallate to pyrogallecl were present in rumen
fluid at 9.3 x 106 cells per ml. Those carrying out the
reductive dehydroxylation reaction converting pyrogallol to
resorcinol were present at 9.3 X 1079 cells per m1l and those
converting gallate to non aromatic preoducts at about 4.3 x 10
cells per ml.

Strain G41 was isoclated from the highest dilution of rumen
fluid that exhibited growth on pyrogallol (1,2,3-trihydroxyben-
zene,10-3), Strain G41 catabolized pyrogallol, gallate,
phleroglucinel (1,3,5-trihydroxybenzene) or quercetin with a
requirement for eguimolar guantities of formate or hydrogen with
the phenolic. Growth was also obtained on crotconate but none of
the other substrates tested allowed growth. Products were
acetate and butyrate in all cases and with gquercetin, dihydroxy-
phenylacetate. Strain G41 is a Gram positive, curved rod shaped
organism. It 1s strictly anaerobic and does not produce spores,
It therefore fits in the genus Eubacterium and the new species
was assigned oxidoreducens.

Organisms capable of growing by demethoxylating phenolic
compounds were enumerated by MFPN estimation. Bacteria capable of
growing on syringate (3,5-methoxy-4-hydroxybenzoate) or ferulate
(3-methoxy-4-hydroxycinnamate) are present at 10% to 107 cells
per ml. Strain 5195 was isolated from the highest dilution of
rumen fluid showing growth on syringate. It is a Gram negative
coccus that grows on sugars while cometabeolizing the methoxyl
group. The hydroxylated phenclic as well as acetate and carbon
dioxide are products. Very little growth is obtained on either
methoxyl groups or sugars alone. Either the double bond of
cinnamate derivatives, formate or a hydrogen utilizer such as
Methanobrevibacter will substitute for the methoxyl groups.

These results indicate that strain S195 uses sugars to
produce acetate, CQp and electrons. The electrons can then be
used to reduce formate cor methoxyl groups to acetate, or protons
to hydregen if a hydrogen utilizer is present. Based on its
unigue physiology, Stain S195 was named Syntrophococcus
sucromutans as it did not adhere to any of the previously defined

genera.

3
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Effect of Pentachlerophenol (FCP) Selectivity on Rumen Bacterial Species -
M. T. Yokoyama 2nd K. A. Johnson, Dept. of Apimal Science, Michigan State
Universitv, Fzst Lansing, MI.

Pentachlorophencl (PCP) is one of the most widelv used industrial and sgricul-
tural biocide in the world. Most of the PCP produced 1s used ir weood preser-
vation, but it is alsc used as a herbicide, frsecticide, algicide, fungicide
and bactericcide, Livestock are exposed to PCP by the use of FCP rreated wonod
for buildirgs, fences and feed bunks or by the use of contaminated wood shav-
ings or sawdust as bedding. Although the exact mechanism of action eof this
compound is still unclear, it is a potent uncoupler of oxidative phosphoryia-
tion and & protonophore., Previous research has showm that technical prade PCY
(t=-PCP) will elter the ruminal fermentation and depress cellulose digestion
(Shull and McCarthy, 1977). The cbjectives of this study were: (1) to deter-
mine the effect of analvtical grade {a-PCP) on the mixed rumen hacterial popu-
lation, and (2) To determine the sersitivity of predominant rumen bacterial
species to a-PCP. When examined in vitro at incressing concentrations {5-100
pg/ml), a~PCP markedly decreased propicnate, acetate and total VFA production
and increased hutyrate production. Mixed rumen bacterial growth was also de-
creased, Growth of B. succinogenes 585 was depressed at 2.5 and 5.0 pg/ml
PCP, and completely inhibited at higher concentrations. R. albus 7 was com-
pletely inhibited at 5.0 ug/ml. B. amylophilus F18 was inhibited by 507 with
2.5-20 pg/ml PCP, but 5. bovis 24 was completelv resjetant to theze concentra-
tions. 07 the saccharolytic species, B. ruminicolz GA33, M. elsdenii Bl59 and
R. fibrisolvens Dl were resistant tc all concentrations of PCP. S. dextrino-
solvens 228, §. ruminantium HD4, Treponema bryantii B 5 and B. fihrisolvens
A38 were sensitive to PCP, but showed a higher tolerafice and adaptah*lity to
increasing concentrations. The data indicates that celliulolytie species are
more serisitive to PCP than either smylolytic or sacchareclytic species, and the
sensitivity of rumen bacterial species to PCP iz depemdent on the contribution
for growth of substrate level and electron transport processes used by the
individual species.

Microbial Ecology of Protolysis in the Rumen - R. J. Wallace, The Rowett
Research Institute, Aherdeen AB2 §5B, Scotland.

Rumen bacteria with the highest activity for proteolysis in vitro are not
necessarily the most important in vivo. Fighly active isolates of Rutyri-
vibrio, Fusobacterium and Bacteroides amylophilus have enzymes mainly of the
serine protease tvpe, different tc the cysteine proteases mainly fourd in
rumen liquor. Furthermore, the most active butyrivibrios produce an exocellu—
lar enzyme, unlike the mainly cell-bound activity of rumen fluid. Bacteroides
ruminicola, Fubacterium spp., low-activity Butyrivibrio spp. and Selenomonas
Spp. are probably of greater importance, with Streptococcus bovis notable for
its very high leucine aminopeptidase activity. Synergism between different
species occurs, which makes assessment based solely on pure culture studies
particularly difficult. The anaerobilc fungus Neocallimastix frontalis has a
higher specifie activity than the bacteria, with a distinctive metalloprotease
activity. The proteolytic activity associated with solids in the rumen may
fluetunate according to the degree of colonisation bv funpi.
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Factors Affecting the Release of Activitv from Radicactive Cellulose by Eumen
Microorganisms ~ (. §. Stewart and §. H. Duncan, The Rowett Pegearch
Institute, Aberdeen, Scotland.

Cultures of the cellulolytic rumen bacterium Bactercides succinogenes and of
the anaerobic fungus Neocallimastix frontzlis were adapted to growth in the
presence of various feedlot artibiotics, then tested for their ability to
solubilise acid-swollen cellulese that had been reductively tritiated by
treatment with tritiated borohydride. Solubilisation of the cellulese was
followed by the appeararce of radicactive courts in the culture supernates.
All of the antibiotics tested reduced the rate of release of tritium by B.
succinogenes. For this bacterium the following concentrztions of antibiotics
reduced attack of cellulose to 50% of the contral rate: 5 pg/ml momerngin, 50
ug/ml avoparcin, 0.4 ug/ml lasalocié and less thar 0.1 ug/ml virginiamycin.
Comparable value for the fungus K. frontalis were 2.5 ug/ml monensin, mere
than 16 ug/ml avopsrcin, more than 64 ug/m] virginiamycin and 0.3 pg/ml
lasalecid. Both aveparcin and virginiamvein enhanced the rate of release of
tritium by N. frontalis. These results suggest that the uge of these con-
pounds is lilkely to influence the contribution of the rumen fungi to cellvu-
loze digestion.

Lactate Efflux from Selenomonas ruminantium - R. J. Wallace and J. D.
Yobertson, The Rowett Research Institute, Aberdeen ARZ 98F, Scotland.

The energy recycling model of Michels et al. (FEMS Microbiol. Lett. 3,
357-362, 1479) predicts that energy conservation may occur via efflux of lac-
tate from bacteria previded that several conditions are met. These conditions
have been investigated for lactate efflux from 5. ruminantiim. The permea-
bility of the lactate anion was insignificant compared to that of the permeant
thiocyarate, indicating that undissocisted lactic acld was the transported
moietv. TFurthermore, effluxr of lactate was inhibited by PCMR, implying that
transport was carrjer-mediated, an essential requirement of the model. The
stoichiometry ¢f A /lactate efflux (n) in growing cells was estimated from the
protonmotive farce Ap, the transmembrare electrical potential Ay and the
chemical potential of the lactate gradient Au. in these cells. n was cloge to
unity under most conditions, except during thé iritial stages of batch culture
whenr n = 2 was observed. PFence energr conservatiom via lactate efflux would
be expected only under the latter conditioms. Growth yield studies, in which
lactste was adéed to the medium to decresse Ay, indicated thar the contribu-
tion of lactate efflux tg total energy prcduci&on wag minor.
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Effect of Treatment of Dietarv Wheat Straw on Microbial Populations of the Sheep Rumen.

Larry Montgomery, Mohammad Zino and Howard Mamstieid, Dept. of Animal Sciences,
University of Illinois, Urbana, IL 6180l.

Total viable bacteria and cellulolytic bacteria were enumerated in the rumen contents of
sheep fed wheat straw as 33 or 70% of the diet (1, expt. 3). When the dietary whear
straw had been treated with hydrogen peroxide at pH 11.5 (2), the number of cellulolytic
bacteria per gram of rumen contents was increased about six-fold (P<.05). There was a
trend toward a higher cellulolytic¢ count when rcrested or untreated straw made up 70% of
the diet as compared to 33% (Table 1). The total viable count was highest with the 33%
rreaced—straw diec {P<.J5); there were no signficant differences between counts from che
romaining diets. When animals weres fed the 70%Z untreated-straw diet, Ruminococcus albus

was the predominant cellulolvtic grganism in all four znimals sampled. With the 70%
rreated-straw diec, Bacteroldes succinogenes was predominant in the three animals
sanpied. Ruminococcus flavefaclons and 3. succinozenes were each predominant in two
animals fed the 33% untzcated-<traw diet, whereas cach ot the three species was iselated
frum at least one animal fad the 533% created-straw diect. Some of the R. albus strains
LQHLdEud degraded ceiluluse extremely vapidly iuw vitro, with the B. succ11obeqes isolates

2eiug the next most 2ffective. Hix af the Ltght 3. succinogenes isolates could terment
3nLuble starch, but none could rerment maltose.

Table 1. MNumbers of bacreria (x 10°) per gram of rumen coatencs

Diet
33u Jou 33T 70T
Cellulolytic count 9. 88 .ol 5.61 10,07
Totzl viabnle countc iR.7 5.7 282410 4l.l
Percant ecellulolveic 5% 3% 2% 25%

a - . . - “
Means for four experimental periods, except that no data was available for the 70% diec
in the iast period.

Acknowledgemenrs: This research was supported by project naumber 20-032% of che
Agricultural Experimentc S$Stacion of the taivearsity of Illinis, Urbana, and by che U. S.
Department of Avriculture under agreementc 58-5198-3-1237, administered cthe XHorchern
Regional Research Cencer, Peoria, IL.

l. ferlev, M. S.. G. C. Fahey, Jr., L. L. Berger, .l. M. Gould, F. L. Baker. 1925, Alka-
iine bhydrogeun peroxide treatment unlucxs energzy availanle in agricultural by-products.
Science 230:820-822,

2, Could, M. J. 1984, aAlkaline neroxide delignification of agriculctural residues ca
enhiance enzymatic saccharification. B8iocech. 3iveng. 26:76-32,
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Protein and Amino Acid Degradarion by Rumen Microbial Enzvmes.

S. MAHADEVAN, J.D. ERFLE, F.D. SAUER and R, GOPINATH; Animal Research Centre

Agriculture Canada, Ottawa, Canada, Kl1A 0Ch.

The general information available‘On proteolveic activity of rumen organisms
is summarized. The protease from B. amvlophilus was solubilized with
zwitterionic detergent and purified bv chromatography on ion exchange and
hydrox&appatite columns and by preparative electrophoresis. The enzyme has
a mol. wt of 120,000; pH optimum 7.4; not inhibited by EDTA; does not require
metal ious; has specificitv different from trypsin for cleaving oxidized
chain of inzulin.

A mixture of proteolytic enzvmes was extracfed from organic solvent treated
rumen organisms and fractionated to get a protease preparation witﬁ little
amino acid degrading activity. The protease (rumen protease) was used for
the in vitro determination of feed protein degradability. The ranking of
different feed proteins on the basis of degradability by the protease agrees
with ranking reported in the literature based on in vive data. Substitution
of §. griseus protease for rumen protease in the assays gave results
different from that obtained with rumen protease.

Amino acid degradation was studied with cell-free extracts from M. elsdenii,

S. ruminantium and B. fibrisolvens. When single amino acids were incubated

with the extracts, ammonia was produced only with threonine, serine, glutamic
acid and aspartic acid but not from other amino acids. When a mixture of

amino acids was incubated, all amino acids were degraded rapidly by

M. elsdenii extracts. Degradation was more at pH 6.8 than at pH §.4. Threonine
degradation was maximum at pH 8.4. Addition of NAD and pyridoxal phosphate
increased amino acid degradation several fold. Hydrazine, monensin and
lasalocid did not affect the degradation. Diphenyl iodonium chloride decreased

the disappearance of several amino acids from the incubation mixture.
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Distribution of Tonophore Resistance in Bacterial Groups from the Rumen of
Calves Fed Lasalocid and/or Potassium Supplements. K. A, Dawson, W. S. Cain
and J. A. Boling, Department of Animal Sciences, University of Kentucky,
Lexington, KY  40546-0215,

On hundred and twenty eight bacterial isolates and 48 rumen samples were
collected from the rumen of 12 calves being fed rations containing 1% added
potassium (added as KCl), added lasalocid (30 mg/kg), both potassium and
lasalocid or no additives (control). During the 4-week sampling period,
greater molar proportions of propionate and lower propertions of acetate
(.17 and .64, respectively) were observed in the rumen of animals receiving
lasalocid when compared with these receiving diets without lasalocid

(.11 and ,68). The addition of potassium to the diet did not alter the
effects of lasalocid on ruminal fermentations. The logjg total wviable cell
counts determined on anaerobic habitat-simulating wedium and the percentage
of cells enumerated on media containing 10 pg/ml lasalocid averaged 9,65
and 17.0%, respectively, and were not influenced by the additiomn of
potassium and lasalocid to the diet. Approximately 60% of the isolates
obtained from animals receiving lasalocid without additicnal potassium
were gram-positive while more than 70% of the isolates obtained from
animals in the other three treatment groups were gram-negative, The
relative percentage of bacterial isclates resistant to lasalocid averaged
42.9% for all treatment groups and was not affected by the addition of
potassium or lasalocid to the diet. However, more gram-negative succinate
producers (18 of 60 isolates) were isclated from animals receiving lasalocid
than from animals receiving the control and potassium supplemented diets
(10 of 68 isolates). Of the succinate-producing isclates obtained from
animals receiving lasaleocid, 89% were resistant to lasalocid and 79% were
resistant to menensin. In contrast, only 33% of the sucecinate-producing
isolates obtained from animals receiving both potassium and lasalecid,

and only 50% of the succinate-producing isclates obtained from animals
receiving the contrel and potassium supplemented diets were resistant to
lasalocid, These data suggest that lasalocid supplementation increases the
relative proportions of ionophore resistant, succinate-producing bacteria
in the rumen and that potassium supplementation counteracts the selective
activity of lasalocid against this group of bacteria. However, it was not
possible to associate increased proportions of ionophore resistant bacteria
with changes in the relative proportions of acetate and propionate in the
tumens of animals receiving ionophores.
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Ruﬁen Racterial Heat Production in Continugus Culture

James B. Russell
ARS, USDA and Department of Animal Science
Cornell University, Ithaca, NY 14853

Bacteroides ruminocola strain B.4 was grown in continuous
culture with a medium containing salts, cysteine, yeast extract
(0.1 g/1), Trypticase (0.1 g/l), and glucose (5.5 mM), Bacterial
heat production was measured with a LKB model 2277
microcalorimeter that was equipped with semiconducting Peltier
elements as thermophiles and gold flow cells. Bacterial cells and
medium were pumped from the continuous culture vessel through
Teflon tubes at a flow rate of 40 ml/h, and total transit time
from the continuous culture vessel to the flow cell and back to
the culture vessel was apDrTximately 4 min. At dilution rates
ranging from .037 to .650 h™~ (n=20) succinate and acetate were
the primary products and the molar ratio was approximately 1.75.
The recoveries of carbon, electrons, energy, and cell dry weighg
as protein, carhohydrate, RNA, or DNA were 94.4 Z1.1, 97.7 X
1.3, 105,7 £ 2.6, and 96.0 = 3.2, respectively. As dilution rate
increased from .037 te .2 h™~, cell carbohydrate increased from
32 to 417 and protein decreased from 53 to 46%. The relationship
between dilution rate and the specific glucose consumption rate
was linear (r= .975 for dry weight and r= .937 for protein), and
the maintenance rate was .192 m mol glucose/h/g dry weight
or .468 m mol glucose/h/g protein. The relationship between
dilution rate and the specific heat pr?duction rate was not
linear. At dilution rates less than .2 h = heat was produced at a
rate of 220 mW/g,dry weight or 430 mW/g protein. At dilution
rates above .2 h =~ glucose accumulated in the culture vessel and
the specific rate of heat production more than doubled, Pulse
doses . of glucose into glucose-limited culture (.167 h ~) caused
an immediate increase (approximately 2 fold) in heat production
and little increase in cell mass. These data indicated that heat
measurements provided a more direct estimate of bacterial
maintenance energ and that bacterial maintenance was not
necessarily a constant.
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EFFECT OF SUPPLEMENTAL SACCHAROMYCES CEREVISIAE AND/OR ASPERGILLUS ORYZAE ON
RUMEN FERMENTATION. R. D. Wiedmeier and M. J. Arambel, Oept. of Animal, Dairy
and Veterinary Sciences, Utah State University, Logan, UT.

Studies were conducted to evaluate two viable fungal cultures on rumen
fermentation and apparent nutrient digestibility. Four rumen-fistulated
Holstein heifers were assigned each of four treatment rations in a 4 X 4 Latin
Square design. Treatments included: 1) basal ration; 2) basal ration plus
90 gm/day Saccharomyces cerevisiae (SC); 3) basal ration plus 90 gm/day
Aspergillus oryzae/Saccharomyces cerevisiae (A0/SC}; and 4) basal ration plus
2.63 gm/day ASpergillus oryzae (A0]. Ireatments were fed at a rate of 9.0 kg
DM of basal ration per day. Animals were adapted to treatments 21 days prior
to initiation of the collection period. Chromium-EDTA and chromium-mordanted
straw were used to determine 1iquid dilution and particulate turnover rates,
respectively. Apparent nutrient digestibilities were determined using acid-
insoluble-ash as an fnert internal marker.

Regardless of treatment, there were no significant differences in rumen
pH, volatile fatty acid concentration, or 1iquid dilution and particulate
turnover rates. Total rumen cellulolytic and percent cellulolytic bacteria
were increased with the addition of the fungal cultures in the diet.

The effect of viable fungal cultures on apparent nutrient digestibility
is shown in the following table:

MEASUREMENT CONTROL SC AQ/SC AQ SEM
DM 77.04 79.12 81.0b 79.8D .62
cp 79.5C g2 ,2de 84.4f 81.64 .63
ADF 69.3 70.0 72.6 71.0 .89
HemicelTulose 76.348 80.5b §3.3b 80.8b 1.03

ab pe.gs T

cdef pe.o1

In conclusion, the addition of viable fungal cultures in ruminant diets

affected the rumen bacterial population and increased total tract nutrient
digestion.
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Effects of Nonstructural Carbohydrate and Protein Source on Ruminal Bacterial
Protein Synthesis in Continuous Culture. M. D. STERN, M. J. ALLEN, P. M.
WINDSCHITL AND W. J. WONG. Dept. of Animal Sci., University of Minnesota,
St. Paul, MN 55108.

The effects of total nonstructural carbohydrate (TNC) and protein degradation
levels on ruminal bacterial protein synthesis and effluent flow of amino acids
were studied using eight dual flow continuous culture fermenters. Four pelleted
diets, containing B0% concentrate and 40% forage (DM basis), were formulated to
provide two levels of TNC and two levels of ruminal protein degradation. Diets
with high and Tow levels of TNC and protein degradation were attained using corn
vs beet pulp and untreated soybeans vs alcohol treated soybeans, respectively.
Treatments were arranged in a 2 x 2 factorial design with two experimental
periods. Each period was & days in duration with the first 5 days serving as a
stabilization period followed by 3 days of collection. Because interactions
were not observed for ammonia nitrogen (NH3-N), protein degradation, efficiency
of protein synthesis and effluent flow of amino acids (AA), these results are
presented in the following table as main effects:

Protein
TNC level degradation
Item High Low High Low
NH3-N, mg/100 m1d,D 17.6 8.9 15.1 11.5
Protein degradation, % 66.2 59.8 65.2 60.9
Bacterial synthesis, gﬂékg omp@ 32.0 34.9 32.3 34.7
Effluent AA flow, g/d%: 10.9 12.1 11,0 12.0

aTNC level effect (P<.05).
bProtein degradation level effect (P<.05).

In contrast to what might be expected, NH3-N concentration was Tower (P<.05) for
the low TNC diets than the high TNC diets. This effect can be due to lower pro-
tein degradation or greater microbial uptake of NH3-N with the low TNC diets.
Protein degradation was lower (P<.06), while efficiency of synthesis was higher
(P<.05) for the low THNC diets., However, total bacterial N in the effluent was
not different between levels of TNC or protein degradation. Resistance of beet
pulp in"the Tow TNC diets and alcohgl treated soybeans in the low protein degra-
dation diets, resulted in higher (P<.05) total AA flows. In conclusion, TNC was
not an effective measurement for estimating energy availability to rumen microbes.
In addition to the ability of beet pulp to supply adequate energy for bacterial
protein synthesis, it may also provide a source of protein which is resistant to
microbial degradation.
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Effects of Cobalt Supplementation on Carbohydrate and Nitrogen Utilization by
Ruminal Bacteria in Continugus Culture. M, J, ALLEN AND M. D. STERN.
University of Minnesota, St. Paul.

Eight dual-flour continuous culture fermenters were used to study the effects of
supplemental cobalt on bacterial carbohydrate and nitrogen digestion.

Fermenters were supplied with a diet containing 60% grain mix and 40% forage (UM
basis)., The diet was formulated to contain -16% crude protein and .3 ppm cobalt.
Three cobalt supplements (cobalt gluccheptonate, cobalt dextro-loc and cobalt
sulfate) were added to provide an additional 1 mg Co/kg DM intake. Structural
and nonstructural carbohydrate digestion (%) as well as crude protein degrada-
tion were not affected by addition of the three supplements at 1 ppm cobalt. In
a second experiment, cobalt gluccheptonate was supplemented to provide 0, .5, 2
and 10 ppm Co to high and low forage diets. Diets contained 40 or 70% forage
with the remaining dry matter consisting of grain. Each diet contained approxi-
mately 16.7% crude protein and .2 ppm cobalt. Supplementing cobalt at 10 ppm
increased (P<.05) vitamin By synthesis (ung/d), in both high and low forage
diets, Results from this experiment are shown in the following table:

Cobalt Level (ppm)

Digestion 0 b 2 L0
................. ¥ i-—-----------
Organic matter, true 85.6 53.9 50.0 54.5
Neutral detergent fiber 35.70 33.8b 33.2b 43,72
Acid detergent fiber 38.90 37.7b 38.4b 46.82 -
Total nonstructural carbohydrate 88.2 8g.5 87.5 88.1
Crude protein 73.1 69.4 59.4 65.0

a,bMeans in same row with uncommon superscripts differ (P<,05).

Supplementing cobalt from various sources at 1 ppm had no effect on carbohydrate
or protein utilization. Supplementing cobalt at 10 ppm as cobalt glucoheptonate
increased (P<.05) vitamin Byp synthesis, neutral detergent fiber and acid
detergent fiber digestion (%) in both high and low forage diets.
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Lactational and svstemic responses of high i ow i
of protected methionine in sovbeap meal diets. D, J. Illg, J. L. Sommerfeldt,
D. J. Schingoerthe, South Dakota State University, Brookings.

Rumen-protected methionine was supplemented to sovbean meal diets to evaluate
the response of lacrational and systemic parameters. Twenty-seven Holstein
cows (l4 primiparous and 13 multiparous) were randomly assigned to either soy-
bean meal (SBM) or soybean meal plus 15 g protected DL-methionine (SBM +) diets.
Cows were fed experimental diets wk 4 through wk 16 postpartum with pretreat-
ment milk preductien and composition (wk 3 postpartum) used as covariants for
statistical analvsis. Cows were fed mixed diets of (dry matter basis) 30%
corn silage, 15% chopped alfalfa hay, and 55% concentrate mix. Diets were
formulated to be 16.0% crude protein and 18.0% acid detergent fiber., Milk
(32.9 and 35.2 kg/day), 4% fat corrected milk (27.8 and 29.5 kg/day), and
solids corrected milk (28.2 and 30.1 kg/day) vields were higher for SBM +

cows than SBM cows, Milk protein percentage (2.99 and 3.06) was increased

in the SBM + cows, The percentages of total solids (11,67 and 11.71), fat
(2.96 and 3.00), and solids-not-fat (8.69 and 8.73) were similar among diets.
Dry matter intake (19.3 and 21.3 kg/day) was higher for the SBM + cows while
production efficiency (1.74 and 1.69 kg milk/kg dry matter) was not different.
Serum urea, ruminal fluld pH, ruminal ammonia and molar concentrations of
acetate, propionate, and butyrate were similar between diets. Milk production
and milk protein percentage were increased with the addition of 15 g of pro-~

tected DL-methionine.

Key words: protected methionine, lactating cows.



27

Influence of bacterial nitrogen contamination on in situ nitrogen
digestion of forages stored at different dry matters. J. E. Nocek
and &. L. Grant. Research and Development Dept., Agway Inc.,
Syracuse, NY 13221 -

Four forages; alfalfa (ALF}, clover (CL), erchard grass (0G)
and timothy (TIM) were sun cured to vield the following dry matter
(DM} percentages for each forage: Hay (89%), 60%, 40% and 20%
{direct cut). The 60, 40 and 20% DM materials were chopped (1-2 cm),
and approximately 30 kg of each were compacted into double lined
plastic bags and sealed for approximately 3 wk. Core samples were
air dried, and ground (5 mm). A cannulated lactating cow, consuming
50% of her DM intake from hay crop silage was used te measure in situ
nitrogen (M) disappearance. Polyester bags for in situ determinations
were 9 x 22 cm, with 5 g dry forage weight per bag (5%u pore size).
Ruminal incubaticn times were 1, 2, 3, 4, 6, 8, 12, 16, 28, 40, 52,
76 anéd 100 h. Bags were presoaked in 399 water for 15 min. prior
to ruminal suspension. Regressions were corrected for N washout, lag
and undigested residue. f no significant (P<.05) gquadratic component
was present, regression analysis was conducted on the natural lag
transformed residues. If a significant quadratic component was
present, curve peeling was conducted and, fast and slow digestion
rates were determined. Each time point residue was analyzed for
diaminopimelic acid (DAPA} to corrected for bacterial-N contamination.
The corrected residues were once again subjected to regression analysis.

Soluble and 59y filterable N increased linearly as preservation
dry matter decreased for ALF, CL and OG. Ruminal undigestible N
followed this same trend of ALF and CLO. Trends for time related
bacterial-N contamination was variable for forages and preservation
DM levels. There was a tendency for bacterial-N to peak and either
plateau or decline as a percent of total residual-N with ruminal
incubation time. Bacterial-N contamination regressed on time of
ruminal incubation yielded linear and quadratic profiles (except
for 0G) for each forage type. This suggests that bacterial con-
tamination appears to be a function of attachment site availability.

Correcting residual nitrogen at each incubation time for
bacterial=N contamination resulted in the reduction of digestion
lag times for all but four treatments. Correction for bacterial-N
contamination had a variable effect on digestion rates for forage
type and preservation DM. Some regression profiles tended tao be
described more appropriately by one linear rate after correction,
especially for 0OG.

Estimation of bacterial-N contamination should be considered
when establishing ruminal N digestibkility rates for forages
determined by in situ procedures.



Concentration and Flow of Peptides from the Rumen of Cattle
Fed Different Amounts and Types of Protein

C.J. Suniffen, G. Chen, and J.B. Russell
Department of Animal Scierice and ARS, USDA
Cornell University, Ithaca, NY 14853

Peptides were quantitated in rumen fluid using a perchloric
acid/ninhydrin method. Preliminary experiments indicated that
protein hydrolyzates and the peptide, insulin (M.W. 6000), were
recovered gquantitatively. In vitro studies {(Russell, et al.,
1983) had indicated that caSein hydrolysis was associated with
the formation of a large peptide pool that turned over slowly. It
was the purpose of these studies to examine the effect of changes
in protein degradability on peptide flow from the rumen of
lactating cattle. First-lactation, rumen-cannulated Holstein cows
were used in a series of Latin square experiments. In the first
experiment the cows were fed a blended ration containing 14, 17,
or 207% crude protein 12 times a day. Solvent-extracted soybean
meal (SBM) provided 607% of the total protein, while the remainder
of the protein was derived from corn silage, hay silage, and
barley. In the second experiment the protein content was once
again 14, 17, or 20%, however, the SBM was autoclaved for 20 min
(121 C). During the third experiment the protein content was
standardized at 17%, the cows were fed once a day, and the diets
contained SRM, 50:50 SBM, and extruded soybean meal (ESBM), or
50:50 SBM and fish meal (FM). Rumen volume and fluid dilution
rates were calculated from the disappearance of Co EDTA.

In the first set of experiments the cows were fed 12 times
daily and the _1, Tumen volumes (54 - 56 1) and dilution rates
(.163 = .172 h™ ) remained relatively constant. Peptide
concentrations were 568, 826, and 803 mg/l at 14, 17, and 20%
protein, respectively. By multiplying the concentration, volume,
and dilution rate, the peptide flow was estimated as 118, 179,
and 181 g/day, respectively. The two highest values were not
statistically different, but both of them differed from 118
(p .05). In the second set of experiments the cows were once
again fed 12 times a day, but the S5BM was heated to decrease
degradability. In this case, the peptide flows were 102, 138, and
167 g/day, respectively, and all the differences were significant
{p .05). In the last set of experiments, the cows were fed once
a day and the rumen volumes, dilution rates, and peptide
concentrations differed greatly. Peptide flow was calculated by
integration. Instantaneous volumes and dilution rates were
calculated from the 1lst derivative of Co EDTA disappearance and
concentration was estimated by regression. Peptide flow was 101,
73, and 80 g/day for the SBM, ESBM/SBM, and FM/SBM, respectively.
These eaxperiments indicated that peptide flow from the rumen is
affected by the type and amount of protein in the ration.
However, in all cases peptide flow was still significant.
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Effect of Oietary Protein Level on Nitrogen Metabolism in Sheep: Studies
Using '9N-Nitrogen. L. D. BUNTING, J. A. BOLING, C. T. MacKOWN and R. B.
MUNTIFERING, Department of Animal Science, University of Kentucky, Lexington,
KY 40544.

Six ruminally and abomasally cannulated wether lambs {30 kg)} were used
in randomized design experiment to determine the effect of dietary protein
level on nitrogen {N) metabolism utilizing isotope dflution technigues.
Dietary treatments were: High N intake (21 g N/d), and Low N intake (12 g
N/d). Lambs were fed 850 g/d of a pelleted diet (75% corn-soy, 25% cottonseed
hulls) offered in equal portions 24X daily. Single injections of 12N-labelled
compounds were introduced into the rumen NHy and blood urea pools, and non-
compartmental analysis was used to estimate the rate of flux through, and
transfer of N between these and other N pools. These estimates were compared
to N balance measurements and recovery of N at the abomasum.

Although Tambs on High N diets retained more (P<.001} N, there was no
significant (P>.05) affect on N recovered at the abomasum. Lambs consuming
Low N diets had less (P=<.05) apparent ruminal NH3 loss (BUN derived from rumen
NH2) and greater (P<.10) recapture of N from blood urea {microbial M from BUN).
This finding suggests that significant capture of N from blood urea by rumen
bacteria may occur when bacterial growth is limited by Tow rumen NHy concen-
trations. The results were as follows:

Diet
[tem High N Low N
N retained, g/d 9.5 4.2
N at abomasum, g/d 17.8 13.9
BUN derived from rumen NH:, g/d 3.1 .5
Microbial N derived from éUN, g/d 2.6 5.5
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Ammonia treatment of high-tannin peanut skins in beef cattle diets. G.
M. RILL, P, R, UILEY ang G. L. NEWION, Dept. of Amimal S5ci., University
of Georgia, Coastal Plain Sta., Tifton 31793.

Potential methods of reducing detrimental effects of peanut skin (PS)
tannins on nutrient digestibility and performance of beef cattle were
evaluated which included urea supplementation of PS diets and ammonia
treatment of PS. Anhydrous ammonia was injected into large plastic bags
at 3% of PS weight, bags remained sealed for 10 to 14 d, and ammoniated
peanut skins (APS) were air equilibrated for 7 d prior to diet
formulation. Percentages of dry matter (DM), ether extract (EE), crude
fiber {CF)}, crude protein (CP) and tannin (T), respectively, for
untreated PS and APS, were: DM 93,1, 90.4; EE 21.Q, 21.0; CF 14.7,
13.7: CP 17,7, 27.0; T 20.5, 12.0., Three dietary treatments were fed to
six metabolism steers (3x3 Latin square, daily feed restricted to 4.54
kg/steer), to 18 individually-fed heifers {ad libitum intake, 84-d
trial) and to 54 feedlot steers (ad 1libitum intake, 98-d or 147-d
feedlot period). The control diets without PS (C), urea supplemented PS
diets (UPS) and diets with ammoniated PS (APS) contained corn, peanut
skins, socybean meal, and urea at these respective percentages: C 81.5,
0, 7.7, 0; UPS 73.6, 15.0, 0, .6; APS 73.7, 15.5, 0, 0; and, all diets
contained peanut hulls (10%), CaC0, (.5%) and trace mineral salt (.3%).
Dietary DM, EE, CP and T percentages, respectively, were: C 88.9, 3.3,
13.2, 1.1; UPs 89.7, 6.1, 12,7, 4.1; APS 89.6, 6.2, 12.4, 3.2. Apparent
digestibiTity (%) of DM, EE, CP, nitrogen-free extract (NFE) and
digestible energy (DE) were: C 79.0, 76.5, 72.4, 88.4, 76.3; UPS 2.5,
90.3, 44.4, 71.3, 60.5; APS 59.0, 87.8, 37.9, 68.1, 56.4; and
digestibiTity of DM, CP, NFE and DE were higher (P<.05) for C compared
with UPS and APS. Digestibility of EE was higher (P<.05) for UPS and
APS compared with C., Nitrogen (N) intake, fecal N, urinary N and
retained N (g/d), respectively, were: C 86.1, 23.7, 34.8, 27.5; UPS
83.1, 46.2, 27.7, 9.2; APS 81.6, 50.8, 23.7, 7.2; and fecal N was higher
(P<.05) on UPS and APS diets compared with C which contributed to lower
(P<.05) urinary N and retained N for UPS and APS diets. Similar (P>.05)
84 d final weights (FW}, average daily gains (ADG)} average daily feed
(ADFD), carcass weights (CW) were recorded for individually fed heifers
on respective treatments: C 452, 1.27, 9.5, 281; UPS 441, 1.14, 9.5,
26d4; APS 447, 1.20, 9.7, 269. Rumen fluid acetic, propionic and butyric
acids (molar %), rumen fluid pH and plasma urea nitrogen {PUN mg/dl) at
3 h and 6 h postfeeding, respectively, an d 62 were: ( 49.6, 47.7,
37.7, 36.7, 8.9, 9.7, 5.6, 6.0, 14.0, 14.0; UPS 53.9, 52.4, 29.5, 29.4,
13.6, 14.8, 5.7, 6.0, 9.2, 8.3; APS 49.7, 48.8, 34.9, 36.1, 11.9, 11.8,
6.0, 9.0, 10.2. Butyric was lower (P<.05) at 6 h for C compared with
UPS; and PUN was higher (P<.05} at 3 h and 6 h for C compared with UPS
and APS., On d 98 the respective FW, ADG, ADFD (kg) and F/G of feedlot
steers were: C 495, 1.38, 10.2, 7.4; UPS 462, 1.04, 11.6, 11.3; APS
492, 1.35, 12.3, 9.1; and, FW and ADG were higher (P<.05) for C and APS
compared with UPS. After 98 d CW (kg} and percentage U.S. Choice
carcasses on respective C and APS treatments were: 295, 289; 72.2, 72.2.
Steers fed UPS remained on trial and their 147-d FW, ADG, ADFD, F/G, CW
(kg) and percentage Choice carcasses, respectively, were: 50.9, 1.02,
11.5, 11.3, 313, 100. Digestibility and N retention were not improved
in steers fed a urea supplemented PS diet or an APS diet at restricted

intake, Ad Tibitum feeding of the APS diet was effective in overcoming

ga;;imenta1 effects of PS tannins on feedlot performance of steers and
eifers,
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Utilization of nitrogen and ammonia-treated straws. J. _R. MALES and D.
DEAVILA, Dept. of Animal Sciences, Washington State University, Pullman, WA
99164-6320.

Chemical treatment of straws with anhydrous ammonia has resulted in an
increased organic matter digestibility and crude protein content of the
treated product. The amount of the added ammonia-N that can be utilized by
rumen bacteria and is thus available to the animal as micrebial protein is
not known. In vivo, 25% of the nitrogen in NH, treated straw is associated
with the acid detergent insoluble portion &# the straw. A series of
experiments was designed to determine the nitrogen availability of ammonia
treated straw diets in nitrogen balance studies irn & steer growth trial. In
a preliminary study, a 4 X 4 Latin square nitrogen balance study evaluated
70% ammonia treated straw diets supplemented with no protein, low soybean
meal, high soybean meal or dehydrated alfalfa meal plus urea. All 3 protein
supplements were forrulated to raise the dietary crude protein level to 12%.
Protein supplementation increased nitrogen retention from 2.7 to 4.25, 4.10
and 7.62 g/day for the four treatments respectively. (The response to
protein was significant (P<.05.) In a second nitrogen balance experiment,
in a 4 X 4 Latin square design using four Tlambs per square, the four
treatments were isocaloric 60% ammonia treated straw diets with 22% steam
rglled corn and 18% supplement which were: 1) no additional crude protein;
2) 1.5% added dietary crude protein; 3) 3% added dietary crude protein; 4)
4.5% added dietary crude protein. Nitrogen retention was 2.57, 3.86, 4.31
and 4.55 g/day for the four supplements, respectively. There was a linear
(P<.01) response to protein, One hundred sixty-two steer calves were
randomly allotted to 18 pens and fed in a 2 X 3 factorizl design of
treatments. Ammonia treated barley straw was compared to ammonia treated
wheat straw and 3 protein supplements (28, 39, and 50% CP) were compared.
The protein supplements were fed at the level of .9 kg/head/day. Steam
rolled barley was fed at the rate of 1.8 kg/head/day for the first 28 days
and 3.2 kg/head/day for the final 56 days. The appropriate ammonia treated
straw was fed ad libitum. There was no difference in performance in steers
fed the ammonia treated wheat and barley straw. However, gains were .57, .55
and .65 kg per steer per day for the 3 protein supplements, respectively with
the 50% CP supplement different (P<.01). Feed per gain were 12.2, 12.7 and
10.8 kg per head for the 3 supplements with the 50% CP supplement different
(P<.01). Results of the nitrogen balance studies and the animal growth trial
indicate that approximately one third of the nitrogen in the ammonia treated
straws is not being utilized for microbial protein synthesis. Therefore, a
crude protein value one third lower than the chemical analysis would indicate
should be used fur balancing rations which contain ammonia treated straws.
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Influence u Am 8 C tration on in Fractional
Degradation Rates of Barley and Corn. J., Odle, D.H. Schaefer,
and J.W. Costerton, University of Wisconsin-Madison and
Univergity of Calgary.

Reported estimates of optimal rumen ammonia concentration (RAC) vary
congiderably, ranging from a lov of 14 to a high in excese of 200 mg
HH3-H/1. We hypotheemized that a portion of this veristion could be
attributed to the type of degradable substrates provided toc the rumen
microorganises. Therefore, the objective of this experiment vas to
determine if the optimal RAC differs for barley and corn substrates.

Four ruminally cannulated steerg were feod barley and corn diets
supplemented vith graded levels of an awmoniuw acetate solution. Animals
vere fed hourly from automatic feeders, and vater consunption vas controlled
to achieve steady-state ruwen fermentations. Dacron bags containing rolled
barley and ground barley were incubated in the rumens of barley-fed steers,
vhile ground corn and autoclaved corn vere incubated in the rumens of
corn-fed steers. Dry matter fractional degradation rates for each bag
substrate vere egtimated using & single pocl exponential decay model.

Differences in degradation rate due to processing method vere not
detected; hovever, barley vas degraded at a faster rate than corn.
Furthermore, the figure belov shows that the minimal rumen RH3-H
concentration required to maximize the degradation rate of barley (o; 125
np/l) vam greater than that required to maximize the degradation rate of
corn (e; 61 mg/l). Theae results indicate that the optimal rumen HH3-N )
concentration vae different for the barley and corn diets. This is taken as
evidence that estimates of optimal rumen NH3-H concentration are '
influenced by characteristics of the degradable substrate. Transmission
electron microscopy of barley and corn particles incubated in situ
for 7h revealed a morphologically diverse and multi-layered adherent
bacterial population. The observed results may be due to differences in
penetrance of HH3-N into the adherent peopulations,
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EFFECTS OF DIET CONCENTRATE LEVEL AND SODIUM BICARBONATE ON
SITE AND EXTENT OF FORAGE FIBER DIGESTION IN THE
GASTROINTESTINAL TRACT OF WETHERS

K, J. Wedekind and R. B. Muntifering
University of Kentucky, Lexington

Four adult wethers (45 kg) with permanent rumen and abomasal cannulae
were used in a repeated measures Latin square arrangement of treatments to
quantitate the effects of diet concentrate level and sodium bicarbonate
(NaHCO3) on site and extentr of forage fiber digestion in the gastrointestinal
tract. Experimental diets consisted of mature Kentucky-31 tall fescue hay,
soybean meal and a semi-purified concentrate mixture in ratios of 95:5:0,
76:4:20, 57:3:40 and 38:2:60; NaHCO4 represented 0 or 7.5% of the concentrate
mixture. ERuminal digestion (X of intake) of neutral detergent fiber (NDF) and
hemicellulose decreased linearly (P<.05}, whereas acid detergent fiber (ADF)
digestion responded in a cubic (P<.05) fashion to increasing concentrate level;
NaHCO; improved ruminal digestion of NDF (P<.10) and ADF (P<.05), butr not hemi-
cellulose. Postruminal digestion (% of rumen undegraded) of NDF and ADF tended
to increase, whereas hemicellulose digestion responded in a cubic (P<.03) fashion
toe increasing concentrate level; NaHCO3 decreased (P<.05) postruminal digestion
of all fiber fractions. Total tract digestion of NDF and ADF showed a cubic
(P<.05) response, whereas hemicellulose digestion responded in a quadratic
(P<.05) fashion to increasing concentrate level; NaHCOy had no effect on total
tract digestion of any fiber fraction. Ruminal hemicellulose digestion was
correlated with mean pH (r=.30; P=.09) and winimum pH (r=.33; P=.07) attained
in a 24-h feeding cycle. Path coefficient analysis revealed forage hemicellulose
degradability was more pH-sensitive and less responsive to NaHCO3 than ADF de-
gradability when concentrate was fed. Results indicate that coocentrate feeding
and MNaHCOj alter the primary sites of forage fiber digestien in the gastro-
intestinal tract, but do not systematically influence the extent of total tract
utilization.
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Mineral absorption and balance in ruminants fed monensin. L. W. GREENE,
G. 1. SCHELLING and F. M. BYERS, Dept. of Animal Sct., Texas A&M Univ. and
Texas Agr. Exp. S5ta., College Station, TX 77843,

Three experiments were conducted to determine the effect of monensin
on mineral absorption and balance. ODuring experiment 1, two trials were
conducted to determine the effect of morensin on the apparent absarption
and retention of Mg, P, Ca and Zn. Eight Tambs (39 kg) were used in trial
1, and 10 lambs (37 kg) were used in trial 2: Animals were blocked by
weight and fed a high concentrate diet with or without 20 mg/kg monensin,
Trials began with a dietary adjustment period lasting 18 d in trial 1 and
21 d in trial 2. Animals were then placed in metabolism stalls for a 10 d
stall adjustment period followed by a 10 d collection period. Monensin
supplementation increased (P<.05) Mg retention 42.0%. Urinary Ca excretion
decreased (P<.05) 60.0% when monensin was fed. Apparent P digestibility
(P<,05) and retention (P<.10) increased due to monensin supplementation,
Both apparent absorption and retention of Zn increased (P<,01) 50.0 and
45 0%, respectively, with monensin supplementation. Sodium retention
decreased (P<.05) 86.2% when monensin was fed. Apparent K absorption
increased (P<.05) 16.7%, while K retention increased (P<.10) 52.6% when
monensin was fed.

During experiment 2, twelve ruminally cannulated lambs (31 kg) were
used in three balance trials in a 2 x 3 factorial arrangement to determine
the effect of monensin and potassium on Mg balance. Lambs were randomly
assigned to two groups and fed a basal diet containing .44% K with or
without 20 mg/kg monensin for an 18 d adjustment period. Following the
adjustment pariod, lambs were placed in individual metabolism stalls, fed
twice daily 450 g of their respective diet, and infused ruminally with O,
7.6 or 31.6 g K/d (egual amounts at each feeding in 158 ml of distilled-
deionized water). ODuring each trial, animals were re-allotted to K level
with the restriction that they would not receive the same level during two
trials. Each trial consisted of a 15 d preliminary period and a 10 d
collection period. Addition of monensin to the diet decreased (P<.05)
fecal and urinary Mg excretion 15.9 and 15.5%, respectively. Apparent
absorption and retention of Mg were increased (P<.05) with the addition of
monensin. Increasing K level increased (P<.05) fecal Mg and decreased
urinary Mg. Apparent absorption of Mg decreased from .93 to .80 g/d when
either level of K was infused into the rumen,

During experiment 3, eight crossbred steers (350 kg) with duodenal and
ileal cannulae were used in two trials to determine the effect of monensin
on Mg, Ca and Zn digestibility at different sites of the digestive tract.
Steers were housed in individual concrete-floored pens and fed 4.5 kg of a
cottonseed hull:concentrate diet (30:70) with or without 20 mg/kg monensin
and with .25% chromic oxide at 0BOO and 1700 h daily. Each trial consisted
of a 10 d diet adjustment, a 7 d preliminary and a 6 d collection period.
During trial 2, steers were assigned to the diet they did not receive in
trial 1. Apparent Mg digestibility increased (P<.05) when monensin was
fed. This increase was due to a 52% increase in apparent Mg digestibility
in the preintestinal region. Apparent Mg digestibility in the small
intestine was negative and greater (P<.05) when monensin was fed. Addition
of monensin did not alter apparent Ca digestibility. Apparent Zn
digestibility was increased (P<.05) when monensin was fed. These data
indicate that mineral digestibility is altered in cattle consuming
monensin,
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Relationship of rate of dissolution of magnesium oxide to excretion of magnesium in
cattle. L,J, Wheeler, C.H, Noller and J.A, Petterscon, Dept. of Animal Sciences,
Purdue University, West Lafayette, IN,

Twenty-four Holstein heifers, average weight of 376 kg, were used in a continuous trial to
compare excretion patterns in urine and feces when either a fine (A) or a coarse (B)
magnesium oxide was fed, Magnesium oxides A and B had T 5078 of 15 and 500 minutes, re-
spectively, and quick reactivities of 58 and 5% of the B+ neutralized, respectively. When
fed to ruminally-fistulated animals, the fine magnesium oxide (A) produced much higher
concentratione of magnesium in the ruminal fluid, indicating a higher degree of dissoclution
than the coarse material (B), All animals were fed 3.0 kg corn silage dry matter, .32 kg
protein~mineral supplement, and 2 g chromium sesquoxide twice daily, beginning 7 days prior
to the treatment period, During the l4~day treatment phase, animale received either 1)
control diet, 2) coatrol plus 76 g MgO-A, or 3) control diet plus 76 g of MgO-B. All
animals were returped to the control diet for days 15-21, Urine was sampled once and feces
twice daily for 21 days. Urine was analyzed for magnesium and creatinine and feces for
magnesium and chromium., Daily urinary and fecal magnesium excretions were calculated,
Control animals excreted a fairly steady rate of 3 g Mg/day in the urine and 10 g/day im -
the feces. Urinary magnesium increased to 9 g/day for treatment 2 and 6 g/day for
treatment 3, TIn the post-treatment periocd, treatment 2 decreased to control levels in less
than 7 days while treatment 3 decreased more slowly and had not reached control levels on
day 21. Fecal magnesium excretion increased more rapidly for treatment 2 tham 3, although
both reached the same level by day 5. When supplementation ceased fecal magnesium excre—
tion for amimzls on treatment 2 fell to comtrol levels in 7 days, while those on treatment
3 had not reached control level by day 21. Increased rates of dissolution of magnesium
oxides in vitro were reflected by higher comcentrations of magnesium in ruminal fluid,
higher losses via urine and more rapid excretion in feces,
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Predicting B Vitamin Supply to the Small Intestine of Cattle. R. A, Zinn, F. N.
Owens, R, L. Stuart, J. R. Dunbar, and B. B. Norman. University of California,
Davis.

Three crossbred calves (194 kg) with cannulas in the rumen and proximal
duodenum were used in a 3x3 Latin square experiment to study the influence of
B-vitamins plus ascorbic acid supplementation on characteristics of digestion.
Dietary treatments consisted of a basal diet (55% concentrate) supplemented to
provide 0, 1, or 10X the recommended B-vitamin reauirement for the growing pig
adjusted to an equivalent body size. Experimental diets were meal-fed at equal
intervals twice daily. Estimates of digestion were based on composites of
duodenal and fecal spot samples, using chromic oxide as a marker. Differences
in site of digestion across vitamin treatments were small and non-significant
(P».20). Ruminal digestion of OM, ADF, and N averaged 49, 26, and 41%, while
total tract digestion for the same components averaged 73, 38, and 69%, respectively.
Net microbial svnthesis was virtually identical across treatments. In general,
lower level vitamin supplementation caused small increases in flow of vitamin to
the small intestine (P>.20)}. At the higher levels of supplementation, intestinal
supply increased for all vitamins except Bj2 and ascorbic acid. Bjp recovery
remained constant across treatment., No ascorbic acid was detected at the
proximal duodenum at any level of supplementation. Ruminal bypass of thiamin,
riboflavin, niacin, Bg, pantothenic acid, folic acid, biotin, and Byp averaged
52.3, 1.2, 6.2, 101.0, 22,1, 2.7, 132.5, and 10%, net m1crob1al synthesis of
the same v1tam1ns averaged B 3, 15 2, 107 2, b5, 6 2.2, .42, .79, and 4.1 ma/kg
digestible OM, respectively, The usefu]ness of these estimates for predicting
B-vitamin supply to the small intestine was tested in a second trial invelving
4 steers (250 kg) while cannulas in the rumen, proximal duodenum, and distal ileam.
Treatments consisted of an 80% concentrate diet fed at levels of 1.2, 1.5, 1.8,
and 2,1% of body weight. Chromic oxide was used as a digestion marker. Pre-
dicted values for B-vitamin recovery at the proximal duodenum showed excellent
agreement (+6%) for thiamin, riboflavin, and Bi2> though flows were somewhat
overpredicted for niacin and Bg (137 and 144% ; expected, respectively).
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Proposed Mechanism of Action for Nepressed Dry Matrer Intake with Wet
Forages - J. R. Carpenter and R. Y. Niino-DuFcnte, Univ. of FI, Homolulu and
J. G. Welch, U'niv. of VT, Burlingter,

Tivestock producers and dairvmen continue te shift to forages that cor be
harvested, handled, stored ard fed automaticelly while maintaining high
nutrient qualiry. As a result, rations are becomiug tigher in meisture, and
voluntarv intake is exceedingly more difficult to predier. Wet rations are
known to limit dry matter intcoke (Beltsville, Cornell, Illirojs, Minnesota,
Ohic and Wisconszin}., Results indicate that cattle consume 0.07 ro 0,03 Kg
less DV per 100 Kg badv welight for each 1% rise in moisture content. Most
researchers suggest that the depressier ir dry matter intake with higher
molsture content dees not appear to be due tc water itself, but rather to
1imited physical capacity (energv/nutrient density), zeidity withip the
reticulo-rumen or ather chemical compeunds produced either during ruren
fermentuztion or the ensiling ¢f these wet ferages. Fhyefcal evenrs relating
to particle sire reduction of digestihle fiber in the rumen are Important ir
regulating roughzge Iintake, and hence, is the limitirng process in clearing of
indigestible fiters from the rumen. Rumination plays a major rcle in this
process. Particulate disappearasrnce in the rumer ir affected by particle
comminution, rate of hydration, change of specific gravity within the rumen,
rates of digestiﬁn and passage, and average retepticon time., 4lfalfa harvested
as hay (87.2%2 DM), havlage (58.2% DM) and silage (47,47 D¥), trts 1-2 respec-
tively, were fed ad libitum to both rams and fistulated Eteera. The avera;a
pF's_and % lactic acid of the ensiled materials was 5.35, 0.65 ; and 4,92
3.237 for trts 2 & 3, respectivelv. Dry matter and protein digestlbi]jty did
not differ but the CWC and ADT digestibilities were significantly higher for
*he hay than either of the fermented ferages (P<.0!). Rate arcd extent of
protein ard dry matter digestiom ir situ also differed (F<.05). Continucus
iaw motion recordings were taken with the Finn rams tc determine rumination
time; ond wet sheep and steer feces were seived throwgh 2400, 1200, &00 and
300 ym screens to determine fecal particle size. Sheep rum*naﬁion data fnr
trte J-2, respectively, were: rumination {mins/dav) 4108, 476 , 537°
rumination {(mine/kg of CWC) 436% . 5667, and 658 Eumen bamples were raken
from stears 1, 7, &, 6, 8 and 17 hrs after heth AM and PM feedings. Average
pH's were 6.AR, 6.62 and 6.60 for trts 1-3, resrectively. Differences were
sigrificant (P<.05) at orly 1, 2 and &4 hrs after the evening feeding.
Specific gravity of rumen fluid was lower (P<.01} at 8 and 32 hrs after the AM
feeding and 1, 2, 4, 6 and 2 hr= after the PM feeding when steers were fed
long hav. Specific gravities cf the rumer fluid were 1.0055, 1.00f7 and
1.0065 for trte 1-3, respectively, Wet gilages sank faster in the rumen, were
less efficiently ruminated, alrered rumen viscosity {atratification) resulting
in an apparent iIncressed fill factor and caused larger particles to he passed
to the feces. BRoth mestication and fermentztiom in the rumen plav a very
important role in particle s=ize reduction. The degree to which microbial
action may enhance rmumination effectiveness through increased fragility of
digesta particles and the efficiency that boluses are masticated during
rumination requires further study. Means with different superscripts differ
(a,b,ec = PL.05; x,v,2 = B<L01).
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In Situ Evaluation of Processing and Lipid Effects on Soybean Protein
Disappearance. G. M. DAVENPORT, J. A. BOLING, L. D. BUNTING, and N. GAY,
Department of Animal Science, University of Kentucky, Lexington, KY 40546.

The effects of soybean processing and soybean 1ipid on ruminal soybean
protein degradation were evaluated using in situ techniques. The treatments
were: (1) commercially processed soybean meal (SBM), (2) ground whale soybeans
(GSB}, and (3) SBM coated with 12 percent soybean oil (SBMQ). Resistance to
ruminal degradation was based on in situ rate of nitrogen disappearance. Re-
sidual microbial contamination was estimated using nucleic acid nitrogen as
the microbial marker.

The experimental desian consisted of two ruminally cannulated steers and
two sampling days. A basal diet of corn silage (6.8 kg/d) and SBM (.36 kg/d)
formulated to contain 12 percent crude protein (DM basis) was fed in equal
portions twice daily {12 h intervals}. Approximately 10 g of each treatment
were placed in individual nylon bags (7.5 x 15 cm and 50-70 micron porosity).
Twenty one nylon bags, representing 7 bags per treatment, were attached to a
stainless steel chain (.80 kg) and placed in the ventral sac of the rumen. One
bag per treatment was removed 1, 2, 3, 4, 6, 8 and 12 h postfeeding. Ruminal
fluid was collected at each sampling time to harvest microbes by differential
centrifugation. Composited microbial pellets had a nucleic acid nitrogen to
total nitrogen ratio of .21.

Disappearance rates {percent per hour) for total nitrogen and microbial
corrected nitrogen were as follows: SBM 1.4, 1.8; GSB 4.0, 3.1; SBMO 1.2, 1.4.
Microbial colonization of GSB occurred within 1 h of incubation, whereas SBM and
SBMO were more resistant to attachment through 4 h. After 4 h, colonization of
GSB decreased, while increases were observed for SBM and SBMO. SBMO appeared to
be more resistant to microbial attachment than SBM. Increases in microbial
colonization of SBM and SEMO caused the rates of dietary nitrogen disappearance
to be underestimated. The rate of GSB nitrogen disappearance was overestimated
due to Toss of dietary and microbial nitrogen.

These data suggest that solvent extraction processing methods are more
effective than soybean 0il coating in reducing ruminal protein degradation. GSB
was colonized more rapidly than SBM and SBMO, resulting in faster (P<.007} and
more extensive protein degradation., Lipid ¢oating appeared to inhibit microbial
attachment to SBM and tended to reduce (P<.14) the rate of nitrogen disappearance
when residual dietary nitrogen was corrected for microbial contamination.
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Effects of Tscacids on Rumen Fermentation and Plasma Formone Levels iE
Sheep -~ A. V. Brondani ard R. M, Cook, Michigan State University, Last
lLansing, MI.

Two trials were conducted to studv the effects of igecacids (dscbutyrate,
2-methylbutvrate, jsovalerate, valerate), urea and sulfur on rumer
fermentation of sheep fed diets based on agricultural bv-products. Basel
diats consiceted of 25% corn steover, 25X corn cobs, 49% sorghun grein, 17
mineral mix (Trial I) end 44% sugarcane bagasse, 551 sorghun grain, 1% mineral
mix (Trial ITI). Fach trial conristed of a 2x2x2 factorial crosscver conducted
in two 4x4 quasi-latin squares, Eight rumen-caunulated adult sheep were
divided in two groups according to body weight (25 and 30 kg) and randomly
assipned to the squares, Each anlmal was fed four ef the eight freatment
combinations during l4-day periods. Acetate production wag determined using a
single injection of 1-Cl4 acetate plus PEG for volume measurements on dav 14
af each period. Overall, feeding isoacids incressed the rate of acetate
production by 24% (Trial I, p<.05) and 32% (Trial II, p<.01). Tn both trials,
this increase was dependent upon the level of urea, but independent on the
level of sulfur irn the diet.

Recent reports have indicated that iscacilds affect the plasma hormone levels
in lactatirg daliry cows. In this experiment, the effact of isoacids on plasma
hormone levels in adult sheep was studied. $ix aged ewes (bw=40 kg) were used
in a 3-perind crossover design. Animals received 1200 g alfalfa hav/day fed
in two portions (0800 and 1600 h). Treatments were ( (control), 0.1 (ISO-1),
and 0.2 (IS0-2) g isoacids/kg/bw/day, placed directly inte the rumen
jmmediately following feeding. On day 14 of each period, blood samples were
collected prior to morning feeding and then every 30 minutes for the next 12
hours. Plasma Jevels of cortisol, glucose, and urea were not affected hy
isoacids. The decrease in growth hormone following feeding was less
pronounced in the IS0-2 group, but these differences were not significant
(p<.20). Animals fed ISO-I had lower mean plasma levels of insulin relative
to control (19.7 vs. 24.9 ul/ml, p<.05). The resulte of these twoe atudies
suggest that the positive effects of iscacide or animal performance are due to
2n increage in the rate of feed digestion as well as to an Improvement in the
efficiency of nutrient utilizastion,
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ESTIMATING SALIVA PRODUCTION WITH SOLUBLE RUMEN MARKERS:
EFFECTS OF INTAKE LEVEL, DIET, AND SLAFRAMINE,

K. Jacques, D.L. Harmon, T.G, Nagaraja, Kansas State University,
and W.J.Croom, North Carolina State University.

Two trials with ruminally-cannulated cattle fed bluesten hay-based diets
12 times daily were conducted to study saliva secretion and rumen water
balance., Water balance data were deternined from simultaneous use of
continuously-infused cobalt EDTA and pulse-dosed chromium EDTA with saliva
flow estimated by difference of water consumed and ruminal outflow. In trial 1,
increasing intake level of either 30% or 90% hay diets increased warer intake,
saliva flow, ruminal liquid volume, outflow and dilution rate. Increasing the
amount of forage from 50% 10 90% increased ruminal volume, saliva secretion
and ruminal outflow, but did not affect dilution rate or water consuned. Diurnal
fluctuartions were seen in water mtake, saliva flow, dilution rate and ruminal
outflow, with higher values seen during day time hours. Increasing intake,
decreased ruminal pH and increased total VFA concentration while NHB-N and
molar proportions of acetate, propionate and butyrate were unaffected. Ninety
percent forage diets had lower NH3-N levels and slightly higher ruminal pH,
total VFAs and molar proportions of acetate. Slaframine administration at
24pg/kg prompted a 29% increase in saliva flow and was accompanied by higher
ruminal liquid volume, dilution and outflow rates. Continuously-infused Co and
pulse-dosed Cr provided very similar ruminal outflow rate means in trial 1;
however the time required for a continuously-infused marker to equilibrate in

the rumen makes this procedure unsuitable for short experiments.
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INTERMITTENT FEEDING AND WATERING OF SHEFP

J.M. Asplund, A.P. Mtukuse, C. Cordes and D. Hancock

In arid pasture conditions, animals may graze for long periods of time
at a considerable distance from water sources. A study was undertaken to
determine the influence on animal performance and nutrient utilization when
feed or water were offered only at intervals. Three groups of six sheep
each were used 1n a metabolism experiment. Treatments were: 1) feed ard
water; 2) oontiruous feed, but water only every fourth day and 3)
continuous water but feed only every fourth day. In experiment 1, the diet
was Caucasion Bluestem hay of medium quality and in experiment 2, the diet
was medium quality alfalfa hay. The hay was offered free choice to groups
1 and 2 ard was offered free cholce for 24 hours to group 3 and then
withdrawn for 3 days. The animals were kept in metabolism stalls and feed
and water consumpticon measured for a collection pericd of 12 days. Feces
and urine were collected daily. Animals were weighed after an overnight
fast at the beginning of the experiment and after an overnight fast
following 3 days of recovery on full feed and water at the end.

There was little influence of intermittent water on feed intake.
However, when feed was given only every fourth day, the animals did not
even consume as much in their one meal as others did when receiving feed
and water every day. This suggests that food intake is influenced more by
factors immediate to the eating process than by long-term nutrient
deprivation. On the other hand, when cffered water at wide intervals, the
sheep drank much more than the daily intake of those watered daily. Weight
gains were not very meaningful because of the short feeding periods and the
great impact of gqut £ill, but they were not reduced by intermittent
watering but were obviously lower with intermittent feeding.

Dry matter digestibility increased slightly as total food intake
decreased for Bluestem, but decreased in sheep receiving alfalfa
intermittently. Nitrogen balance was greatly reduced in the sheep fed at
intervals but was higher in those sheep receiving intermittent water.
Rumen ligquid volume increased throughout the feeding period for the sheep
receiving intermittent water, but decreased in those receiving intermittent
feed.

From these data, it seems apparent that sheep can be managed with
widely separated drinking opportunities without injury to performance but
that failure to provide feed daily cannot be compensated for by the sheep
and results in substantial losses of performance.
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Fffect of rate of gain and end weight on yisceral grgan mass.
G, A, Varga, USDA, Ruminant Nutrition Laboratory, Belisville, MD 20705

The objective of this experiment was to determine the effect of rate of gain
and end weight on visceral organ mass after maintenance restriction. Twenty Angus x
Hereford steers (weaned at 130 kg) were used in a completely randomized design with
a 2 x 2 factorial arrangement of treatments consisting of .5 (R1) and 1.0 (R2} kg
daily gain and end weights of 260 (W) and 320-(W2) kg. Al11 steers were fed to
gain .75 kg/d until they reached 200 kg at which time they were allocated to treat-
ments, Steers were fed twice daily a diet (14.3% crude protein, 2.71 Mcal ME/kg)
consisting of 40% chopped alfalfa hay, 50% cracked corn, 2.6% soybean meal, 5%
molasses and 2.4% vitamins and minerals. After steers reached the appropriate end
weight they were restricted to a maintenance intake (tissue energy = 0) for six
weeks. Steers were then fasted for 96h, and fasting heat production measured
using indirect calorimetry. The animals were slaughtered immediately after calori-
metry measurement and weights of rumen,abomasum, cecum, omasum, small and large
intestine,liver, kidneys, heart, lungs,spleen and omental fat were recorded.

Actual rates of gain achieved were .54 and .94 kg/d (P<.01, SE = .062) for R}
and R2, respectively., No effect of previous nutrition or end weight were observed
for kg of blood, heart., kidney, lungs, rumen, abomasum, small intestine and large
intestine. A weight effect was observed for the amount of hide :20.6 vs 26.4 kg
(P<.01, SE = 1.55), Tiver was 2.5 vs 3.1 kg (P<.01, SE = .15) and omental fat was
7.4 vs 10.7 kg (P<.01, SE = .99) for Wl and W2, respectively, Steers had a greater
spleen weight (P<.01) at W2 than W1 however, on Rl spleen weight decreased while
during R2 spleen weight increased (rate x weight, (P<.01). Cecal weight was lower at
the greater end weight (W2), .62 vs .31 kg (P<.05, $E=.12), but was lower (P<.01)
for R1 compared to R2 (.26 vs .67, P<.01)., This may suggest that hind gut fermenta-
tion plays a greater role in the young animal,but proportionally the cecum decreases
as the animal grows, More importantly, the effect of rate of gain is still evident
after six weeks of restriction to maintenance intake. A similar significant trend
was observed for the omasum however, its weight decreased as rate of gain increased.
This indicates that previous nutrition may play an important role in the amount of
time feed is held in the omasum as well as effects of ‘overall absorption of nutrients.
Lean tissue as a proportion of end body weight decreased (P<.01) with increasing
body weight and was greater on (P<.05) R2 than R1. Fasting heat production
{kcal/BW**.75) was 91.7 compared to 83.3 for R1 and RZ, respectively (P<.05, SE =
2.49). It is concluded that the metabolic activity of various organs, for example
kidney and 1iver, may have changed in oxidative capacity rather than overall mass to
affect these changes in fasting heat preduction due to previous nutrition.

Present address: The Pennsylvania State University, 225B Borland Laboratory,
University Park, PA 163802
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: t X
distribution of nitrogen in the continuyous culture of rumen contents
J._ L. Jeraci, C. J. Sniffen and P. J. Van Scest, Dept. of Animal Sci., Cornell
University, ithaca, NY 14833

In this experiment the High Fiber Chemostat (HIFIC) system was used in the
cascade mode with duplicate units. Each unit included two vessels (feeding
vessels), that delivered the feed in a siurcy to the third vesset (fermentation
vessel) which contained the rumen microbes and a fourth vessel collected the
overfiow, Equal quantities of medium and timothy hay were used in all
incubations. The model developed by Fade! (1984), was used to determine
initial dosing and subsequent dosing of timothy hay (B%CP, 73RNDF on a dry
matter basis). Rumen contents (250 mi of liquid and approximately 2 g of DM)
were added to duplicate fermentation vessels which contained medium and
timothy hay. For the first 24 hr the fermentation vessels were treated as a
batch incubation. Then the inflow pump heads were engaged, which started the
continuous ftow of timothy hay slurry to the fermentation vessels. This
standardization of rumen inocula occured before each of the incubations with
4, 8, 16, 24, 32 and 38 hr retention times (RT). After four fermentation vessel
volumes were collected as overflow, the contents of the fermentation vessels
were collected, processed and analyzed. The whole slurry was filtered through
a 37y Nitex menbrane to obtain solid and liquid phases.

In the incubations with 4, 8, 16, 24, 32 and 38 hr RT, the g of timothy hay NDF
organic matter (OM) In/hr was 3.1, 1.6, .78, 52, 39 and 33 respectively.
Although the 38 hr RT had the maximum percentage of NDF OM fermented (60%)
for an incubation, the rate of NDF OM fermented was the lowest (.2g/hr). The
incubation with the 8 hr RT had the maximum rate of NDF OM fermented
(.4g/hr). Lineweaver-Burk plots were not linear and multiple enzyme-substrate
reaction rates were detected in both Hanes-woelf and Woolf-Augustinsson-
Hofstee plots for NDF, hemicellulose and cellulose. The multiple enzyme-
substrate reaction rates of hemicellulose and cellulose were dramaticaily
different.

Nitrogen distribution profiies were different for the selid and liquid phases.
The microbial-N in the liquid was very sensitive to the different RT, while the
microbial-N in the solid was relatively insensitive to the different RT. The
maximum irate of N fermented occured in the incubation with the 4 hr RT, while
maximum rate of NDF OM fermented occured in the incubation with the 8 hr RT.

These data suggest: (1) that single enzyme-substrate reaction rate models can
not be used to estimate the fermentation kinetics for timothy hay NDF,
hemicellulose and cellulose, (2) that the distribution of N in the solid and
liquid were different and (3) that the maximum rates of N and carbohydrate

fermentation are closely associated with each other.
Fadel, JG., 1984 Ph.D. Thesis, Cornell University, Ithaca, NY
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Comparison af One and Twa Compartment Models for Prediction of Fecal Dutput of
Cattle Grasing Whest Pasture. J, W. Ditien, 6. W. Horn and T. L., Mader, ~
Animal Science Department, Cklahoma State University, Stillwater, OK 74078

External markers may be used to estimate rate of passage, fecal output,
and subsequently forage intake of grazing ruminants. However, controversy has
arisen over the choice af medel used to make these estimates. Both the one
and twoc compartment models with time delays have been used with varying
degrees of success at fitting marker data and identifying model parameters.
The objective of this research wags to compare the one and two compartment
model estimates of total fecal output with observed values. Three groups of
three steers (291 kg bedy weight) were assigned three supplement treatments in
three periods in a 3X3 Latin sguare design. Supplement treatments were ad
libitum access to wheat straw and wheat pasture, ad libitum access to sorghum-
sudan hay and wheat pasture, and ad libitum access to only wheat pasture. The
three time periods were fall grazing before winter wheat dormancy (December
thrauah mid-January). winter dormancy {(mid-Januarv through Februarvl}, and lush
spring growth (March?, Each period consisted of 11 day adaptation and S day
fecal collection phases., At the beginning of the collection phase, steers
were dosed with 195 g wheat forage dry matter labelled with 1.4 g Yb and feces
were sampled &, 10, 14, 24, 30, 36, 48, 58, 72, B2, 96, 106 and 120 hours
later. One and two compartment medels (Ellis et al. 1979. Fed. Proc. 38:2702)
were fit to the fecal Yb concentration data using a wmodified Marquardt methed
to estimate rate constants and lag time. Average mean sguare error was 7531
and 2148 (mg Yb/kg fecal dry matter)? for the one and two compartment models,
respectively. Simple correlation coefficients (r) for predicted and actual
fecal outputs were .72 and .B4 Tor the 27 one and two compartment model
pbservations, respectively. The mean and standard deviation of residual
{predicted-observed}) fecal output was 003 and .383 kg for the one compartment
model and -.159 and .230 kg for the two compartment models, respectively. The
residuais were not related to either supplement treatment, period or steer
weight for either model (PF>.15). Residual fecel output was related to mean
square errogr, r=,72, for the one compartment model (F{,.001) but not for the
two compartiment model (r=-,22, P>.25). Absolute fecal ocutput was not related
to mean square error for the two campartment model {(r=.07}. In summary, the
data from this study show that use of either model has limitations. Overall,
fit of the marker data was improved by using the two compartment model. Fecal
putputs predicted for the twa compartment model were generally more precise
but lese accurate, due to a tendency far underprediction. In cases where the
ene compariment magel fit the marker data paorly, fecal output was
overestimated. No svatematic effect due ta lack of fit wac pbserved for the
two compartment wooei. Alsa, no loss of precision far estimates of fecal
putput wac observed with increasing lack of fit of the two compartment model.
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Ruminal retention time and fi11 in dairy cows: Effects of level of feed intake, forage
physical form and forage fiber content. R.D. Shaver, L.D. 5Satter and N.A. Jorgensen,
USDA, ARS, U.S. Dairy Forage Research Center, University of Wiscansin, Madison 53706

Rumen fi11 can physically 1imit intake in dairy cows fed high forage diets. Forage
particle size and level of feed consumption affect ruminal retention time and fi11, but
these factors have not been adequately evaluated in diets containing high quality
forage. Data on effects of forage fiber content on rumen fi11 in high producing dairy
cows is limited. In Trial 1, six Holstein cows were fed prebloom alfalfa hay in long
(LH), chopped (CH), and pelleted (PH) form in a replicated 3x3 Latin Square design
conducted in early and mid-lactation and during the dry period to attain high (H),
medium (M) and low (L) levels of feed intake. In Trial 2, pre- (AE), mid- (AM), and
full- (AL) bloom alfalfa hay, bromegrass (BR) hay, and corn silage (CS) were fed to
early lactation Holsteins in a 5x5 Latin Square design. A1) diets were formulated to
17% crude protein (CP) and contained forage: grain in a 60:40 ratio (DM basis). Rumen
f111 was determined by manual emptying. Chromium - EDTA and ytterbium were used as
1iquid and solids passage markers. Rumipal digestion kinetics were by the in situ
dacron bag method. Forage CP, neutral (NDF) and acid (ADf) detergent fiber were: Trial
1 - 22.4, 41.3, 30.9; Trial 2 - AE) 23.2, 42.2, 32.6; AM) 17.8, 54.3, 43.7; AL) 16.7,
56.2, 45.8; BR) 10.5, 71.8, 43.3; CS) 6.5, 44.6, 24.5 Results are summarized below:

Trial 1 Trial 2
Level of Intake Treatment Treatment
Item H M L LH CH PH AE AM AL BR cs
DM intake,
% body weight 3.75 2.93 1.95 2.89 2.90 2.84 4.03 3.49 3.43 3.08 4.04
kg/d 24.3 20.2 14.5% 19.8 20.0 19.2 23.3 20.2 20.0 17.9 23.9
Mi1k production,
kg/d 4.6 21.5 - 27.4 28.0 28.9 3.0 32.6 32.1 29.7 36.5
Ruminal fill
Wet, kg 74.6 b6.2 65.9 74.1 173.5 59.1 67.2 716.0 74.0 90.0 67.3
DM, kg 10.1 9.9 8.1 9.5 9.6 9.0 8.3 10.5 10.4 13.0 11.0
kg/kg DM
intake .42 .49 .56 .48 .48 .47 .40 .52 .52 .13 .4h

Ruminal retention
time, (1/Kq)

YB (forage), h 15,6 21.1 26.4 21.3 20.0 21.8 18.9 21.4 20.8 25.5 19.6
Cr (liquid), h 9.8 9.9 12.4 10.7 10.1 11.4 7.4 8.1 8.2 9.5 9.3
In situ NDF diqestion
Potentiaily
digested, % 52.3 49.3 54.8 54,7 53.2 48.5 58.4 44.1 43.3 61.7 42.4
Rate (k), h-1 .070  .065 .067 .074 .075 .052 .093 .073 .075 .043 .044

Forage physical farm has 1ittle effect on ruminal retention time and fi11 when low fiber
forage is fed. tow rumen fills per unit intake for low fiber forages suggests that the
point of intake limitation due to gut f111 is dependent on forage quality as well as
energy demand of the animal.
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A Survey of Particle Size Analysis Methods. M, R, MURPHY, Dept. of Animal
SCi., University of Illinois, Urbana, IL 61801

Most ruminant nutritionists agree that the physical form of a diet is an important
determinant of its nutritive value. Digestion is affected because smaller particles
have a relatively larger surface area for microbial attachment. Passage from the
rumen, which determines to a large extent both the amount and pattern of nutrients
eventually absorbed by the animal, is also affected by particle size, Although
others are being developed, many methods are now available to estimate particle size
distributions of feedstuffs. A nest of sieves, arranged so material falls from
sieves with larger pore sizes to those with smaller pores, is commonly used to
fractionate samples and the portions recovered on particular screens are reported,
This experiment was designed to compare various sieving methods based on analyses of
particle size distributions of a few feedstuffs, Ouplicate samples (approximately
60g each) of alfaifa haylage; corn silage; and a ground, corn based, grain mix were
sent to cooperating laboratories that have published particle size analysis data,

Results were received which represented a wide range of particle size methods.

Data were well fit by the lognormal distribution, Mean particle size of each feed
varied considerably depending on method of analysis. In some cases differences can
be easily explained, HNeutral detergent fiber (Lab A) of the grain mix was larger
than the untreated sample. Corn kernels were also removed from the corn silage
before NDF was prepared which decreased the mean particle size for this sample
compared to other methods. Labs B and C used a Fritsch Analysette sieving
apparatus. Although this equipment has been used for particle size analyses of
digesta samples, forage material was retained by screens with large pores which
inflated the mean particle size of alfalfa haylage and corn silage compared to other
methods. The log;, standard deviations of the distributions were larger, indicating
material was more spread out, for wet sieving methods. Relative ranking of
feedstuffs by mean particle size sugyested similar results were obtained across labs
A, H, d, M and N.

Alfalfa Hay]ageb Corn Silage Grain Mix
Lab/Method® r2 X SO r2 X SD r2 X SD Ratio?
Dry, 3-5 NOF .93 1,980 .50 .99 2,610 .48 .97 1,250 .42 .8:1.0: .
Wet, 2-3 DM .93 12,330 .96 .78 6,520 .8% .89 1,060 .77 1.0: .5: .
Wet, 4-5 .97 21,820 1,01 .99 13,060 .81 ND ND ND 1, 6 N
Dry, All

Wet, 10 DM 99 4,780 .78 .97 6,010 .74 .91 770 .49 .8
Dry, 15-40 .98 2,260 .33 .99 4,060 .42 .99 1,080 .44 .6:

8
0
0
.98 2,840 .46 .92 3,370 .38 .94 880 .44 .8:
8
6
Wet, 10-20 .96 1,860 .62 .87 4,330 .65 .93 790 .57 .4:

=X T oOomd>P

Z)ry or wet sieved, sample size (g) and treatment if applicable. Neutral detergent
fiber = NDF, dry matter = DM,

PFor each feedstuff r? applies to the line fitting a lognormal distribution to
the data, X is the mean particle size in pm, and 5D is the log,; standard
deviation of the distribution. Not determined = ND.

“Ratio is the relative mean particie size, alfalfa haylage:corn silage:grain
mix. The feed having the largest mean particle size was set equal to one,
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variance assoclated with using vtterbium as a digestibility marker.
J.M. Lopez-Guisa, W.F. Nelson, and L.D. Satter. U.S. Dairy Forage Research
Center, University of Wisconsin, Madison.

The estimation of digestibility from a particular feedstuff is commonly
used as general index of its nutritive value. The standard digestibility
trail involves accurate records of feed consumption and fecal output. To
obtain the latter, close confinement in digestion crates or use of collection
bags is required. This 1s not possible for all animal experiments, due to the
lack of facilities, inability of the animal to cope with the stress of close
confinement, or insufficient labor to properly carry out digestion trails
involving large numbers of animals, particularly cattle. Indigestible markers
have been used to determine digestible coefficients. However, little effort
has been made to quantify the variance assoclated with the technique. The
objective of this study was to quantify the variance associated with using
ytterbium as a marker for determining digestibility in cattle.

In the first study ytterbium chloride was sprayed onto the feed and the
concentration of ytterbium in the final diet was 20 mg yb/kg diet dry matter.
Forty-four Holstein heifers were divided into four groups of eleven animals
each, and fed test diets. Fecal samples were obtained from the rectum at
0600, 0800, 1100, 1300, 1500, 1700, 2100 and 2300 hours. In the second study
ytterbium chloride was sprayed onto the feed and the concentration of
ytterbium in the final diet was 23 mg yb/kg diet dry matter. Fifty-five
lactating Holstein cows were divided into three groups of 18, 18 and 19
animals, respectively. Fecal sampies were obtained from the rectum at 0100,
0300, 0700, 1000, 1100, 1600 and 1700 hours. Samples from both studies,
following drying and grinding, were wet ashed. Ytterbium content was
determined by emmission spectrophotometry.

Results from each experiment were considered as a separate population, and
variance between animals within sampling times was measured as well as
variance between sampling times within animals. Variance between cows was
Targer than variance between heifers within times. The numbers of animals
required to detect a specified difference with a given probablity were
calculated based on the variance in each population (Table 1).

To conclude, ytterbium is a good digestibility marker. 1t can be
accurately determined by several methods. More animals must be used to obtain
the same accuracy in measuring digestibility coefficients with a marker
technique campared to total fecal collectian, but often the case of using a
marker technique offsets the increased number of animals required. More
importantly, the animal stress associated with some tatal collection studies
can preclude making digestihility measurements at normal level of feed intake.

Table 1. Number of animals required for detecting a given difference in
digestibility with a probability of .9.

True difference Number of Animals
(As percent of Digestibility) Heifers Caws Sheep (a)
1.0 64 228 28
1.5 29 101 14
2.0 16 57 8
2.5 10 36 6
5.0 3 9 3

{a)from total collection studies. Raymond, W.f., Co. E. Harris and V.G.
Harker, 1953. 3. Brit. Grassland Soc. 8:301
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Effect of Feeding Frequency on Forage Fiber and Nitrogen Utilization in Sheep.
M. D HOWARD, L. D. BUNTING, R. B. MUNTIFERING, K. A. DAWSON and J. A. BOLING,

Department of Animal Sciences, University of Kentucky, Lexington, KY 40546-0215.

Four wether lambs (38 kg) with permanent ruminal and abomasal cannulae were used
in a Latin square arrangement of treatments to determine the effect of feeding
frequency on forage fiber and nitrogen (N) utilization. Lambs were fed 900 g/d
of good quality Kentucky-31 tall fescue hay in equal portions offered 2X, 4X,

8X or 16X daily. Increasing feeding frequency increased {P<.05; linear) water
consumption by lambs and tended to decrease ruminal fluid NH3-N concentration.
Feeding more frequently than 2X daily increased (P<.05; cubic) microbial N flow
at the abomasum and tended to increase fecal N excretion. Microbial crude pro-
tein (MCP) synthesized per 100 g organic matter (OM) fermented averaged 21 g
(corrected for microbial OM) across all treatments, and tended to be more
efficient as frequency of feeding increased. Ruminal digestion of acid detergent
fiber (ADF) responded in a cubic (P<.05) fashion to increasing frequency of
feeding, with higher coefficients observed for 2X and 8X than 4X and 16X daily
feeding. Total tract digestion of forage cell walls was unaffected by treatment,
although increasing feeding frequency tended to increase ruminal escape of
potentially digestible fiber (PUF); hemicellulose was more susceptib]e to ruminal
escape than was ADF. Passage of PDF to the lower tract was positively correlated
with extent (r = .42; P<.10) and efficiency {r = .71, P<.05) of MCP synthesis,
indicating that increased microbial protein supply to the lower tract was achieved
at the expense of some fermentable energy 10ss. Daily N retention was unaffected,
suggesting that frequent feeding of a good quality forage may only be beneficial
when protein supply to the Tower tract is more Timiting to performance than are
other nutrients or energy.
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Nutrition Panel (cont'd)

8:45

9:00

9:15

9:30

9:45

10:00

10:15

10:30

10:45

11:00

11:15

11:30

12:30

12:45

Lactational and systemic responses of high producing dairy cows to
the addition of protected methionine in soybean meal diets. D. I.
Illg, J. L. Sommerfeldt, and D. J. Schingoethe, Scuth Dakota State
University, Brookings

Influence of bacterial nitrogen contamination on in situ nitrogen

digestion of forages stored at different dry matters. J. E. Nocek
and A. L. Grant, Agway, Inc., Syracuse, NY

Concentration of flow of peptides from the rumen of cattle fed
different amounts and types of protein. C. J. Sniffen, G. Chen, and
J. B. Russell, Cornell University, Ithaca, NY

Effect of dietary protein level on nitrogen metabolism in sheep:
Studies using 15N—nitrogen. L. D. Bunting, J. &. Boling, C. T.
MacKown, and R. B. Muntifering, Dept. of Animal Sciences, University
of Kentucky, Lexington

Ammonia treatment of high-tannin peanut skins in beef cattle diets.
G. M. Hill, Univeresity of Georgia, Tifton

Utilization of nitrogen in ammonia treated straws. J. R. Males and
D, DeAvila, Washington State University, Pullman

Influence of rumen ammonia concentration in in situ fractional
degradation rates of barley and corn. J. Odle, D. M. Schaefer, and
J. W. Costerton, University of Wisconsin-Madison and University of
Calgary

Effect of diet concentrate level and NaHCC5 on site and extent of
forage fiber digestion in the gastrointestinal tract of wethers.
K. J. Wedekind and R. B. Muntifering, Universgity of Kentucky,
Lexington

Mineral absorption and balance in ruminants fed monensin. L. W.
Greene, G. T. Schelling, and F. M. Byers, Texas A&M University,
College Station

Relationship of rate of dissolution of magnesium oxide to excretion
of magnesium in cattle. L. J. Wheeler, C. H Neoller, and J. A.
Patterson, Purdue University, West Lafayette, IN

Predicting B vitamin supply to the small intestine of cattle. R. A.
Zinn, F. N. Owens, R. L. Stuart, J. R. Dunbar, and B. B. Norman,
Oklahoma State University, Stillwater

BREAK

Protein and energy utilization by goats. N. Singh, Natiomal Dairy
Research Institute, Karnal (Harvana), India

In situ evaluation of lipid effects on soybean protein disappearance.
G. M. Davenport, J. A. Boling, L. D. Bunting, and N. Gay, University
of Kentucky, Lexington




Nutrition Panel (comnt'd)

1:00

1:15

1:30

1:45

2:00

2:15

2:30

2145

3:00

3:15

Effects of iscacids on rumen fermentation and plasma hormome levels
in sheep. A, V. Brondani and R, M. Cook, Michigan State University,
East Lansing

Estimating saliva production using rumen water flow: effects of
intake, diet and slaframine. K. Jacques, D. L, Harmon, T. G.
Nagaraja, and W. J. Croom, Jr., Kansas State University, Manhattan,
and North Carolina State University, Raleligh

The influence of intermittent feeding and watering on nutrient
utilization in sheep. J. M. Asplund, A. P. Mtukuse, D. Hancock, and
C. Cordes, University of Missouri, Columbia

Rate of gsain and end weight effects on visceral organ masg and gut
contents of steers. G. Varga, The Pennsylvania State Univeraity,
University Park

Effect of retention time on the digestion of forapge fiber and the
distribution of nitrogen in the continuous culture of rumen contents.
J. L. Jeraci, €. J. Sniffen, and P. J. Van Soest, Dept. of Animal
Science, Cornell University, Ithaca, NY

Comparison of one and two compartment models for prediction of fecal
output of grazing cattle. J. W. O0ltjen and G. Horm, Oklahoma State
University, Stillwater

Ruminal retention time and fill in dairy cows: Effects of level of
feed intake, forage physical form and forage fiber content. R. D.
Shaver, L. D. Satter, and N. A. Jorgenson, USDA, ARS, U.S. Dairy
Forage Besearch Center, University of Wisconsin, Madison

A survey of particle size analysis methods. M. R. Murphy, University
of Illinois, Urbana

Variance assoclated with nsing ytterbium as a digestibility marker.
J. Lopez-~Guisa, W. F. Nelson, and L. D. Satter, U. 5. Dairy Forage
Research Center, University of Wisconsin, Madison

Effect of feeding frequency on forage fiber and nitrogen utilization
in gheep. M. D. Howard, L. D. Bunting, R. B. Muntifering, K. A.
Dawson, and J. A. Boling, Dept. of Animal Sciences, University of
Kentucky, Lexington



	1985 (Nov)  Report of Conference-1
	1985 (Nov)  Report of Conference-2
	1985 (Nov)  Report of Conference-3
	1985 (Nov)  Report of Conference-4
	1985 (Nov)  Report of Conference-5
	1985 (Nov)  Report of Conference-6
	1985 (Nov)  Report of Conference-7
	1985 (Nov)  Report of Conference-8
	1985 (Nov)  Report of Conference-9
	1985 (Nov)  Report of Conference-10
	1985 (Nov)  Report of Conference-11
	1985 (Nov)  Report of Conference-12
	1985 (Nov)  Report of Conference-13
	1985 (Nov)  Report of Conference-14
	1985 (Nov)  Report of Conference-15
	1985 (Nov)  Report of Conference-16
	1985 (Nov)  Report of Conference-17
	1985 (Nov)  Report of Conference-18
	1985 (Nov)  Report of Conference-19
	1985 (Nov)  Report of Conference-20
	1985 (Nov)  Report of Conference-21
	1985 (Nov)  Report of Conference-22
	1985 (Nov)  Report of Conference-23
	1985 (Nov)  Report of Conference-24
	1985 (Nov)  Report of Conference-25
	1985 (Nov)  Report of Conference-26
	1985 (Nov)  Report of Conference-27
	1985 (Nov)  Report of Conference-28
	1985 (Nov)  Report of Conference-29
	1985 (Nov)  Report of Conference-30
	1985 (Nov)  Report of Conference-31
	1985 (Nov)  Report of Conference-32
	1985 (Nov)  Report of Conference-33
	1985 (Nov)  Report of Conference-34
	1985 (Nov)  Report of Conference-35
	1985 (Nov)  Report of Conference-36
	1985 (Nov)  Report of Conference-37
	1985 (Nov)  Report of Conference-38
	1985 (Nov)  Report of Conference-39
	1985 (Nov)  Report of Conference-40
	1985 (Nov)  Report of Conference-41
	1985 (Nov)  Report of Conference-42
	1985 (Nov)  Report of Conference-43
	1985 (Nov)  Report of Conference-44
	1985 (Nov)  Report of Conference-45
	1985 (Nov)  Report of Conference-46
	1985 (Nov)  Report of Conference-47
	1985 (Nov)  Report of Conference-48
	1985 (Nov)  Report of Conference-49
	1985 (Nov)  Report of Conference-50
	1985 (Nov)  Report of Conference-51
	1985 (Nov)  Report of Conference-52
	1985 (Nov)  Report of Conference-53
	1985 (Nov)  Report of Conference-54
	1985 Report of Conference-1
	1985 Report of Conference-2
	1985 Report of Conference-3
	1985 Report of Conference-4
	1985 Report of Conference-5
	1985 Report of Conference-6

