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THE EFFECT OF SUPPLﬁMBNTATION OF ALFALFA'
HAY OR UREA ON INTAKE DIGESTIBILITY AND RUMEN F RMENTATION

N OF SHEEP FED TIMOTHY HAY
s Abstract '
Annick Delaquis ’ M.Se. . Animal Science,

The suﬁplehentation of low Quality forages with a crude

\_/‘
protein supplement or a legume hay has been shown to

L)

improve animal performance and dry’ matter intake. The

]

effects of protein supplementation are attributed to an

improved nitrogen (N) status of rumen microbes and/ or of

the animal. The causative agents in legume playing a role in °

inchased dry matter intake (DME) are‘ étill unclear but

because of itskgigh N content it may act by supplying extra

t

ammonia or amino acids to the microbes or the host. The main
) !

objectives of the present research were to investigate if

the effects of alfalfa supplementation on DMI of sheep fed
- L ‘

timothy hay were due only to the N content™of the alfalfa or

to some other nutritive factor(s), to determine if the

palatability of alfalfa plays a role in the increased DMI,

and to 'examine the effects of different Yevels of alfalfa

suppleﬁentqtion. In experiment I six ratidns were randomly

agsigned to 6 mature rams over 6 time periods. The rations
wére offered once a day and were as follows: 1- 10X alfalfa
hay 90%¥ timothy yiy jixed offered ad libitum.; 2- same as 1
but hays were offered separately; 3- timothy hay a& lib and

a urea solution isonitrogeneous (iso-N) to 10% alfalfa hay

infused in the rumen at feeding; 4- same a8 3 excepf{ tha
§

the total daily urea ‘solution was divided in 4 equal
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portiong and infused at 4 times during the day OQQO, 1200,
1800, 2400. 5—,§am¢— as 2 except tgat the é%fal£;'hay was
placed {nfb the -fumen; 6~ same as 5 excepl that the alfalfa
was placed in the rumen 4 times a day. Total DMI (TDMI) on a
metabolicu\body weight basis were significantl;ziizher when

alfalfa supplements were fed compared with 1iso-N urea

supplements. However the improved TDMI was attributed to the

.alfalfa DMI since ﬁo difference between diets was obtained

in terms of timothy- DMI. The increase in DMI was not always

"parallelled by faster rates of passage nor higher rumen
/ammonia suggesting that the increased TDMI observed when

\alfalfa was supplemented was not only mediated by a higher

supply of ammonia . Palatability was also eliminated as a

causative agent. To investigate further the respective
i

effects of urea and alfalfa as well as a potential benefit

of supplemeﬁting both simultaneously a second expériment was

. conducted having the same design as experiment I. For all

6 diets, sheep were offered timothy hay ad libitum plus one

-

Yo .
of the following supplements: 1- no supplement; 2- 150 g(as

Afed) alfalfa hay, 3- urea iso-N to 150g alfalfa; 4- 300g

alfalfa; 5- 150g alfalfa plus iso-N urea; 6- 450g alfalfa.
All aifalfa supplements resulted in higher TDMI g/W.18
compared to diet 1 specifically due to the alfalfa intake
since no difference in timothy hay intake was obser%ed. Dry
ﬂgtter, crude protein a£§ acid deterzeAt fiber
digestibilities were not affected in spite of the higher

TDMI. Digestible energy intakes were inoreaséd by alfalfa
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‘ / 'suppl.enepty and ﬁ/retentkon aithouah not pignificant tended
" to be improved. The lack.of difference between diet 2 ancivl . Y
in terms of rumen ammoniaqfugzested again that the ?fféoﬁ of J L
alfalfg on intake was mediated by factors.other thah_g per
"se. Rumen Eonoentration kof valeric and .isovaleric acids,
é;séntial growth factors for rumen micfobes, were ino;;ased
by alfalfa and may have? played a role. Aithouzh non p
significant replacement of alfalfa by iso-N quantities of -
urea tended to caﬁse decréases in TDMI as for trial I. Urea
supplementation of timothy hay did not improve TDMI over
diet I suggesting that the alfalfa effect is not due to its

N content, No benefit of supplementing urea and alfalfa

simultaneocusly were found. ' Thus the results of both trials

‘: indicated that alfalfa effect on grass DMI was mediated by
nutrienps other than N per se. In addition the second trial
demonstrated that there was no benefit in terms of DMI by

supplementing urea to timothy hay.
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EFFET D'UN SUPPLEMENT DE FOIN DE LUZBBﬁB ET D'UREE S8UR. LA
CONSOMMATION ET DIGESTIBILITE DE LA MATIERE SECHE ET SUR LA
FERMENTATION DANS- LE RUMEN DE MOUTONS OFFERST-UN FOIN DE

FLEOLE. . ,

. - ( Résumé
Anniéa‘gflaguis - M'ﬁf' “ Zootechnie
. ' . .

Suppléments protéiques et suppléments'/de foin de
légumineuses peuvent tous deux améf&orer la performance des
animau# offert. des fourrages de basse qualité
principalegent en causant une augmentation de ‘leur
consommation de matiére séche. Les effets des ‘suppléments
protéiques sont attribués & une amélioration du statut en
azote des microorganismes du rumen et/ ou de 1’animal. Les
caus;s de l'augmehtation de 1la consommation observée
lorJZu’un foin de léguﬁineuse .est offert sont encore
obscures méAis vue la quantité d'azote qu’il contient, il
pourrait augsi _ agir via un, apport supplémentaire
d’'ammoniaque ou d'acides aminég-fbur les microorganismes et/
ou 1'animal.Les objectifs' principaux de i; préseﬁié
recherche étaient donc de déterminer si les(\sff;\s d’un
supplément de foin de luzerne sur la éonsommatioﬁ chez .les
moutons offerts un foi? de fléole sont dlis seulement & son
contenu d’azote ou a d’autreg nutriments de 1la lugerne,

-

déterminer s8i l’appétence della luzerne est un facteur, et
examiner les  effets de différents niveaux de
supplénentation. Au cours de la premiére expérience six
dietes cnt été distribuées au hazard & six béliers au cours

de six périj&es. Les rations firent offertes une fois ‘par

v
o
~
B
.
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"QﬁJQur et consiag;ieqt de: 1- ;élapzé de 10% de foin de o
'luzern’et 90% de foin d.e fléole 2-mé&me que 1 sauf que les

deux foins ?ﬂrant offerts séparémént 3- foin de fléole' - T
vbloi&é\ ed une solution d’urée infusée dans le rumeng un

taux hpportant une qu*ntité d’'azote ;quivalente a la
consommation de 10% de luzerne 4- méﬁe éue 3 gsauf que la
éolui}on quotidienne d’urée fdt divisée en 4 fractions

isovolumétriques et infusées & 0600, 1200, 1800, 2400 5-

méme que 2 sauf que la luzerne fOt placée dans le rumen 6-

méme que 5 sauf -que la luzerne fQt placéé dans le rumen en 4

portions égales A 060%5 ?5200, 1800, 2400. Les consommations
totales de matiére séche firent siznificaéiyement plus

élevées avec un supplément de luzerne versus un supplément

( d’urée. Toutefois cette plus forte consommation fQt
na“;txribuée -3 la consommation de luzerne comme telle
" — puisqu’aucune différence en terme de consommation de fléole
ne fOt notée. Une plus haute consommation ne f£0t pas
toujours accompagnée pa¥ un passage plus rapide de la phase

solidé ni par une plus forte concentration d’'azote dans le |

' rumen suggérant que la plus forte consommatign observée

]

a

lorsque 1la luzerne fOt offerte ne fOt pas causée’ seulement

par un apport supplémentaire d’ammoniaque. L’appétence fQt

-

. aussi& éliminée conmme facteur causatif puisqu’aucuhe
’ différence en terme de consommation totale ou de fléole .ne
' fOt obtenue entre les didtes 1 et 2 vs 5 et 6. P&uruétudief

plus en'détail les effets de 1'urée et de diverslniVB;ux de

j @ supplémentation de éuzerne de mé&me qu’un bénéfice potentiel

~




de supplémenter les 2 ensemble, une deuxiéme expérience’ a
. été’conduite suivani: le méme modéle que la premidre. Les six ) |
didtes cette fois consisfaient du foin de fléole.d volonté
et d’'un des 6 ;uppléments sdivanps: lhaucuq)é— 150g de foin ,
de luzerne 3- quanfité d’urée apportant une méme quantité :
d’azote que 150g de luzerne 4- 300g de luzerne’S— 150g de
luzerne et le supplément d’urée de la diéte 2 6- 450} de
luze;ne. Tous les suppléments de luzerne .ont causé une.
amélioraﬁion de la consommation totalekdé‘maﬁiére séche 225

@ .

la dieéte 1 dO & la consommation de la luzerne pqisqu’aucune -
Y -

différence quant a la consommation de foin de fléole ne f(Qt

notée. La consommation d’énergie digestible fQt augmentée

par’ les suppléments de luzerne et une tendence vers’' une

=3

augmentation de la rétention d’azote fit aussi notée. La

Ay

similgrité entre les concentrations d’ammoniaque pour les
> N

N
LF

v,

diétes 2 et 1 a suggére que l’effet de 1la luzerne fQt »
. causé par des facteurs autres que son seul contenu d’azote.
Les proportions molaires des acides\ valériques et

isovalériques, facteurs de croissance éssentiels pour les

' L3
microorganismes fOrent augmentées par la luzerne et

" ?@urraient avoir joués un role. Méme s8i non significatif,

la substitution de la luzerne par l'urée a causé une
diminution de la consommation. Un supplémen’. d'urée (diéte
3) n'a po causer ﬁne augmentation de la consoqmation et
aucun bénéfice ne fQt observé lorsque urée et luzerne flirént
offerts simultanément. Les résutats des deux expériences ont

o - donc indiqué que l1l’effet de la luzerne sur la consommation
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totale de matiére séche est dO, du moins en partie A cﬂei

‘ - . » . A
facteurs autres que-son seul contedi d’azote. De plus, la f

A}
4 a

deuxiéme expérience a démontré qu'il n'y a auqunmavantaze en P

terme de consommation A donner de 1’'urée A des . béliers

. , [ ~ R « ’
+  oonsommant un foin de fléole. .
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I. INTRODUCTION

In de?eloped industrialized countries as well as in the

deveioping world, the conceptualization of the fact that
natural resources are limited and, in some cases non
renewable has, increased scientific research in areas such
as development of techniques maximizing the efficienéy of
utilization of raw products; developments of uses for wastes
from industries; and maximal and efficient uses of by-
products. A large variety of examples can be drawnkspecially
from the integrative sector of _ agriculture-food production;
regsearch in maximizing efficiency of production of cereal

grains , by controlling weeds, insects, determining optimal

planting time,etc, and research to maximize efficiency of

use of the by-products for'human consumption and or animal
[4

feeding agd to maximize utilization of wastes such as

straws, corn stovers and animal wastes. \

Focusing morg\pn the animal production industry, this
attempt to reduce the amount of wastage has renewed the
interest in maximizing the use of low quality forages such
_as cereal straws, corn stovers, corn cobs, soybean hulls and
low quality gra€s hays. The animals best-suited to consume
these fibre-rich products are the ruminants because of their
pregastriec fermentation. Maximizing forage feeding would
'also reduce some of this competition /between human and

animals for products such as barley, wheat, and corn... It

also allows the-utiliéktion of grazing of lands that are




2pt suitable for any other cultivation. , v
| Early work on forages was an attempt to characterize
their nutritive value for ruminants using in vivo
experiments and to determine the chemical(s) element(s) of
feeds by laboratory quantification that could allow the
prediction of animal performance. Héving extensively

analyzed these feeds it became ,evident that grass hays and

crop residues have a very high content of fiber and a low

content of crude protein, both of which could play a role in
limiting maximal animal performance by potentially affecting
intake and digestibility of dry matter: Subsequently,
research on low quality forage feeding took one of two major
o orientatioqs: first, try to change the fibrous compo/nents of
these feeds by altering physically or chemically their
structure or composition, to maximize their nutritive value

and animal performance; and second, was to try to improve

the performance of animals fed these diets by supplying
N L)
extra nitrogen (N) to compensate for the inherently low

content of N in these roughages.
o

It is also well recognized that supplementation of a
good quality legume hay to a basal low quality forage:- diet
results in improved animal performance mainly via an
increésed dry matter intake.  The mgchanisms triggering this
higher voluntary consumption are still not wunderstood and

o further scientific research as to what controls the dry’ -~

matter intake of low quality forages would be of great value




in order to maximize the inclusion of these prody‘xcts in-

@ I3

ruminants rations.

Although very often the greater crude proﬁeiﬂ’ (CP)

N

cont\gnt of legumes is assumed to be a major factor involwved
in increased intake when supplemented to low quality forages

it has never been demonstrated. Plant composition, animal

-

i
requirements, rumen microbial requirements must all be

integrated in order to elucidate the mechanisms involved.

A better understanding of how legume supplementation

L]

results in increased dry matter intake was the main

objective of this study.
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.méariékiond' in the number of protozoa as well as types are

common, and this effect on the nutrition of the host is
unknown.
A f .
The complexity of the population’ of rumen
microorganisms due to the diversity, number and interactioﬁé
among microorganisms for substrates as well as the
interdependency of certdin strains upon end products of
-. others is now evident. Because of this, it is very difficult
when studying the host-microbe system to predict the effects .
of varying the characteristics of a diet such as composition

and/or physical form, and/or feeding frequengy on the rumen
@

microorganisms to subsequently predict the changes in end

produéts of ferhquation available to the host. Thus, most
0 of the time researchers direct‘ly measure the end products

/ of ferméntation such as VFA'’s, NH; and microbial cell yield

that are the main determinants of animal performance.
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II LITERATURE REVIEW )
2.1 NUTRITIVE VALUE OF FORAGES

2.1.1 Chemical Analysis : .
- : ¢

'The chemical combosition of a forage or any feed is the
first limiting factor determining the overall availability
of nutrients +to the animal (Van Soest 1982). Knowing the

anatomical components and their respective chemical

, composition different laboratory methods have been developed

that: can be used routinely to evaluate the general
composition of specific feed ingredients or rations. Such
analyses have been designed to meet several objectives,
among which there are two important ones; the formulation of

rations according to animal requirements, and development of

a

"methods and equations to predict animal performance based on

the composition of the feeds offered. The proximate analysis

andQ detergent analysis systems and infrared analysis are

the three major analytical systems presently used.

2.1.1.a Proximate Analysis
The Weende: system of proximate analysis has been
developed more then 100 years ago (Van Soest 1967) and
divides the total components of a forage into s8ix main

categories (Van Soest 1982):

+ dry matter content (DM) determined by drying at 100 C ~

- crude protein (CP) obtained from the quantitative
determination of nitrogen (N) multiplied by 6.25
© i

- ash content determined by ignition

<

¢

- lipid fraction (EE) determined by ether extraction of
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| ‘e originate from the assumptions made in A~ )
the development of the system. First, the determination of,
the CP content by the measuggnent of total N considers
: nucleic? acid-N and watgr'soluble non;protein N (NPN) (eg
ammonia as true protein—N when it has been qs?imated that in
forages only 60-80% of the N is present as protein-N ZVan
Soest 1982)). 1In aédrtion, multiplying N content by the
factor 625 assumes that all feeds including forage proteiné
contain 16% N. Part of the carbohydrate contained in the
sample are contaf§ed in the CF fraction. This anhlysi; is
intended to recover the cell wall components (lignin,
hemicellulose, cg}}uloﬁe); the remaining carbohydrate is
contained in the NFE fraction, which should include the cell
contents or water soluble carbohydrate and starch. The
attempt to develop a system that would allow the
quantification of the different tyﬁes of carbohydrates
present in structural or cell wall tissues. the intracellulaf
carbohydrateis based on the fact that most of the components
or nutrients unavailable to both ‘animall_ enzymes and
bacterial enzymes are located in the cell walls of plants
(Van Soest ‘197f). .However, in -analyzing fof CF some

cellulose, hemioellu%ose and lignin are solubilized
resulting in an overestimation of thg NFE fraction. The
problem of partitioning plant carbohydrates between CF and
NFE had been recognized by Crampton et al. (1938). This

partial solubilization of certain cell wall components is
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not uniform among various plant species partly due to the
Q

fact that' CF is not a chemically . uniform substance. For
instance, when comparing grasises and legumes 53 to 90% c:f
the~ total +lignin in grass vs 8 to 62% of the 1lignin in
legume andQS to 29X of the cellulose lin grass vs 12 to 30%

of the cellulose in legumes are lost in the CF defermination

(Van Soest 1977), resulting in a much greater error
E ' agsociated with the NFE for grasses vs legumes. Thus, the CF
] \ N

. 7
method of analysis does not meet its goal of evaluating, the

amount of indigestible carbohydrates The inaccuracy of the

method ig clearly shown by experiments in which the
j& digestibility figure obtained for CF exceeds the NFE

digestibility value (Van Soest 1977). Not only are losses

(: of lignin, hemicellulose and cellulose variable among plant AN
species but so0 are their digestibilities (Van Soest 1977,

1967) rendering the evaluation of the nutritive value of

forages from such results even more difficult. Note that in
addition, because NFE 1is obtained by substraction 1its
accuracy is affected by all the analytical errors associated

with the CF, CP,- ash, DM and EE determinations.

2.1.1.b Detergent System

Van Soest attempts to minimize ¢the problem of CF

(

snalysis developed the detergent.system of analysis, which
diyidea components of a forage into 2 or 3 major fractions
depending on wether or not water 1is considered as a

( fraction. The two major fractions are cell contents that
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have a very high dizentibility and include lipids, puzarj,
organioc ascids, water soluble compounds, pectin, starch, NPN
(Van ‘.Soest 1982), and cell d;ll gonstituents  whose
digestibility is mucK™ lower and ‘are affected by
lignificatjon (Van Soest 1982, Cullison 1982) and include
hemicellulose, fiber-boundt proteins, cellulose, 1lignin,
lignified N (Van Soest 1982), silica (Cullison 1982).

These 2 major fractions are isolated by boiling a

sample in a neutral detergent solution composed of 3% lauryl

sulfate and EDTA, in which the cell contents are soluble.
The neutral detergent insoluble fraction is commonly
referred to as neutral detergent fiber (NDF). This portion

of a forage can be subdivided further into acid detergent
fiber (ADF) containing cellulose, 1lig€nin, lignified-N and
silica, and fiber soluble‘;n acid detergent solution, whach
includes hemicellulose and fiber-bound protein. This
separation is accomplished by boiling a sample in a solution
of 49.04% sulfuric acid and 20% cetyl +trimethylammonium
bromide (Cullison 1982). It is often recommended that a
sample be treated with a neutral detergent prior to ADF
determination in order to minimize the error introduced by
© N

pectins, tanqins (Van Soest and Robertson 1977, 1980) and
biogenic silica (Van Soest 1977).

%}nce the degree of l?gnification affects the
digestibility of cell walls, %bé/quantification of lignin is

often accomplished by digesting the ADF in 72% sulfuric acid

and ashing the resulting residue (acid detefgent lignin or

4
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acid ina&luhlelliznin) or, by oxidation of ADF with acetic
acid bufferedﬁ;otassium permanganate solution (permanganate
liénin). The hemicellulose content can be evaluated by
substracting ADF from NDF.

The laboratory method used in this case to quantitate
lphe cell wall componeq&p (NDF) is more precise than the CF
methodology of the proximdte analysis; less lignin and
hemicellulose are lost resulting in a higher NDF value vs CF

value for a forage (Cullison 1982).‘

2.1.1.c Infrared Analysis

This system offers several . advantages over the
previous ones namely: rapidity, automation, non destruction
of the sample (Brown 1987, Van Socest 1982, Shenk et al 1979,
Norris et al 1976) and oft?n less sample ©preparation as
only drying ;nd grinding are required (Shenk‘et al 1979).
Thg principle behind this system is as for any
spectrophotometric method based on the fact that different
compounds such as starch or proteins will absofb different
amounts of 1light at different wavelenghts (Isaac et al
1984), thus each one has a specific absorption band, the
intensity of which being related to the concentration.
Yowever the system does not eliminate the need for wet
chemistry analytical methods because to determine the
chemical entities and their concentrations in unknown
samples standard curves have to be constructed using samples
of kncwn composition (Van Soest 1982). The samples used as

standards must be similar to the unknown samples in order to

oo
E‘T'i‘;
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obtain good preoiQion because factors such as particle
size, meégod of preservation of the samples, and grinding
time can interfere with the analysis (Norris et al 1976,
Shenk et al 1979, Hymowitz et al 1974, Barnes and Marten
1979). In addition, different proportions of nutrients

present may alter the spectra of the compound studied, fdr

example, in forages the large absorption peak of cellulose
tends to mask the peak of protein, in othegr circumstances
the peak could also bz shifted (Shenk et al 1979). Another

example to underline the importance of the correct choice of
standards resides in the fact that individual &amino acids
have different specific spectra and the spectra obtained\\
from a dipeptide or a protein is completely different from
the sum of the spectra of its individual amino acids (Shenk
et al 1979). However, despite thé high selectivity required
N

to construct the standard curves researchers have generally
obtained good correlation between wet chemistry analygia and
infrared reflectance analysis (Brown 1987, Isaac et al 1984,
Marten et @al 1984). Hymowitz et al (1974) obtained a
correlation of .98 between CP values determined by both
methods for a variety of feeds. ii

Thus, although Near Infrared analysis can be useful to
determine the ,chemical composition of large numbers of
samples it does not eliminate or 'improve wet chemistry
methocs of analysis.

ﬁ}l the analytical systems presented so far have had

as only purpose the qualification and quantification of

™y
©0




a
ELY)

{nutrients pres\?r:t in forages. This is obviuosly the first
step in the evaluation of the nutritive value of a forage
since as said by Van Soest et al (1978) "The nutritive
vaiaf of a forage is limitéd by composition”.

2.1.2 Evaluating the nutritive value of forages

P ..

Not eliminating the importance of the chemical
composition as the first limiting factor to the nutritive
value of a forage, the presence of a~ _nutrient does not
automatically imply that it is available to the animal
consuming it, the proof being tha; many forage co;stituents
have digestibility figures below 100%. Thus, when trying to
establiggtthe nutritive value the other factors to consider
are voluntary intake and digestibility, not excluding any
interactions among these two, and chemical composition. 1In
fact, the 1links between nutritive value, intake and
digestibilty have been recognized'in the late 1950's early
60’ by Crampton, Donefer and Lloyd who developed the concept
of the nutritive value index (NVI) for forages (Crampton et
al 1960)# At that time the researchers focused more
specifically on the importance of the energy digestibility
rather than on proteina‘br other nutrients assuming that if
a forage was consumed in amounts adequate to meet the energy
requirements of the animals the requirements for other
nutrients would also be met (Crampton 1957, Crampton et al

1960). It is now recognized that this conéept of meeting
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dixegzﬁble energy requirements may not always apply even for
forages since Seoane et al (1981) demonstrated that Bounty
timothy was adequate in energy but not in CP. By knowigg the
nutritive value of forages, an estimation of their intake
and digestibility would be of great benefit to animal
producers trying to design ;feeding programs to attai?
maximal production efficiency. Evaluating the nutritive

value of forages by in vivo feeding and digestibifity trials

9 in

for every forage is an enormous, if not impossible, task,

as such experipents require much time, labour and
important feed quantities (Aerts 1877). Thus, to simplify

the task researchers have first tried to develop i vitro

and in situ laboratory methods that could reduce the time

needed to determine digestibility and that would produce

) J
results similar to in vivo measurements and second, to

establish or determine chemical components .of a forage that
would be highly correlated with voluntary intake and/or
digestibility and thus be used as predictors of nutritiye
value, eliminating the need for in vivo digestibifity

trials.

2.1.2.a In Vitro techniques

Although a variety of in vitro téchniques have been
developed tojtry to predict digestibility (eg solubili;y of
cellulose and DM in cupriethylene diamine
(Dehorit,s and Johnson 1963), treatment of cell walls with

celluiolytfﬁ enz&mes (Hartley et al 1974)), one is commonly

k4
7
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used presently in studies related to ruminant nutrition and

will be presented: in vitro rumen fermentation. QY/

-

The principle of this method is basically the
incubation of forage samples or feed in general with some
rumen contents obtained from a fistuldted sheep or steer
undervlaboratory controlled conditions (Czerkawski 1976). A
sample of forage ground and of known weight is incubated
with a rumen inoculum in a defined buffer-nutrient medium of
composition similar to ruminant saliva for different
periods of time (Van Soest 1982, Marten and Barnes 1980,
Donefer et 51'1960). To establish fermentation over time
different samples of a same forage are prepared, incubated

the fermentation is terminated at different times: 3, 6,
12,) 24...hours after initiation (Donefer et al 1960). With
this method one can also establish the lag time before the
initiation of fermentation of g;y of the forage components.
One o{ the first in vitro rumen fermentation methods was
deyeloped at the Ohio Agricultural Experimental Station
(Donefer et al 1960) and was subsequently modified by
several -researchers” such that today different systems are
available. These can be divided into three general
categories; 1- bulk incubation, 2- cont%ﬁuous flow system,
and 3- semipermeable %ype (Czerkawski 1976). Depending on
which measurement needs to be made, each of these systems
can be opened or closed; closed ones allowing gas exchanges

to be monitored. The continuous flow system simulates more

closely in vivo rumen conditions since end-products of

A :

P
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fermentation ocan be removed, some of whioh, particulariy
volatile fatty acids (VFA), causing a reduction in the rate
of fermentation when allowed to accumulate (Ewart 1974). The
semipermeable type simulates the permeability of the rumen
wall thus also allow removal of VFA, however with no change
in the microbial population. For all these systems aggerobic
conditions, temperature, redox potential, pH must be
controlled (Czerkawski 1976). The source of inoculum or
rumen extract can represent a large source of variation 1in
the results obtained depending on the breed of the donor
animal, the animal inherent characteristics as well as the
ration it is consuming (Marten and Barnes 1980). However, it
is common practice to obtain rumen content from a fistulated
sheep or steer fed a good quality alflalfa hay twice a day
specially when the objectives to be met are,to compare the
digestibility of different forages (Done{ér,et al 1960,
Hensberger et al 1969). Depending on the goals the inoculum
could be obtained from an animal fed a different diet or
different animals fed different diets as pointed out by
Orskov et al (1980) for in gitu incubations. The rumen
sample obtained is filtered; the s8olids collected are
resuspended in a phosphate buffer solution, repressed, and
refiltered with the resulting liquid being wused as the
inoculum (Johnson et a101958). More recently, researchers
suggested that the dnoculum be enriched with particle-

associat2d microorganisms (Craig et al 1984). Sometimes

glucose and urea are supplemented (Marten and Barnes 1980).

13




After fernéntation is completed, cgntrifuzation is ocarried
out and diff;rent chemiocal anal}ses can be performed on the
residue: DM, organic matter (OM), cellulose, CP, etc, and on
the supernatant: carbon dioxide (COi), VFA, ammonia
(NHy ) ,etc. The digestibility of different nutrients can be
calculated ag well as rates of production of different end-
products and intermediate metabolites be identified.

In 1863 Tilley and Terry suggested that a classical
rumen fermentation be followed by a 48 hours digestion of
the residue in an acid-pepsin solution to try to more
closely simulate an in vivo ‘"whole tract" digestion
condition. |

Realizing that in vitro fermentation could not  exactly

reproduce all characteristics of in vivo rumen conditions

{Orskov 1980), especially the dynamics of such a biological
system and that the maintenance of anaerobic conditions
and appropriate temperature requires very careful monitoring
when manipulating the inoculum as well as during the
fermentation per se (Marten and Barnes 1980, Van Soest
1982), researchers develqped a more simple method of
estimating digestibility that does not require an extensive

feeding trial and simulates in vivo conditions better than

in vitro fermentation (Nocek and Hall 1983) nam€ly:
incubation of feed saﬁples in nylon bags suspended in the
rumen of fistulated animals.

o
2.1.2.b In situ incubation

14
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o Orskov et al (1980) pointed out that the _:_l_r_x_’ situ ;

incubation method also has some limitations. The samples by-

pass two steps of the digestion process of a ‘normally

ingested feed, namely chewing and ruminaxégt. The sample,
once broken down or digested, cannot escape ‘the rumen before
the particles are small enough to leave the bags. This does
\N//// not imply that at this point digestion is completed and e
since the results are obtained from analysis of the residue
in the bagg, interpretation should be done with care (Orskov

1980). Similarly, the s8oluble components of the forage or

the feed incubated freely flow in and out of the bags but
are definitly washed out during post incubation

i
manipulations. Consequently, nylon bags cannot be used to

H

T

study digestion of the soluble components and could

§

potentially affect results obtained for the digestibility of
the other parameters studied (Nocek 1985). It was suggested
that to remove this confounding factor, bags containing the
samples ready for incubation be socaked or washed (Orskov
1980, Nocek 1985, Nocek and Hall 1984). Although it has been
cesigned to eliminate a source of variation presoaking
introduces another one; the non uniform removal of soluble ,

entities across sample weights and particle sigzes (Nocek

1985). In situ incubations of different feeds can be done

v
under similar rumen conditions with animals used consuming a
standard ratiop, allowing a comparison of the rates of

disappearance of different feeds or, samples of a specific

QE’ feed can be incubated under different rumen conditions with

15
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animals - consuming different diets thuslallowinx the study of

different ,fernentation environment on the digestion of a

certain feed (Orskov et al 1980). The choice depends on the

objectives of the experiment. As for in vitro methods, the
times of incubatiogpcan be varied and different chemical
analysis performed on the residue. Since the waghing step
after removal of the bags from the rumen ha% been ghown to
cause much of the variation in the results (Noggk 1985,
Weakley et al 1983, De Boer et al 1987) two alterndtives
have been prOposeq to reduce this effect. Placing the bags
in the rumen in a sequential pattern so as to remove them
all at the same time and consequently wash them all at once
{Nocek 1985), and second, washing the bags in an automatic
machine (De Boer et al 1987).

Other factors have been identified that affect results
obtained from nylon bag incubation: pore size of the bags,
which should be large enough to allow entry of organisms but
small enough to prevent excessive losses of feed particles,
sample particle size, sample weight/bag surface ratio, site
of incubation in the rumen, and diet of the animals
(Nocek 1985, Weakley 1983, Orskov 1980)

With the methodology and limitations of these
techniques being known it is now possible to examine some
of the results obtained in an attempt to estimate the

nutritive value of forages as wéll as results obtained from

simple correlation with chemical components and see how they

—

relate to in vivo feeding and digestibility trials.

16
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2.1.2.0 Prediction of the putritive value

Crampton (1957) atudied the voluntary intake of sheep
fed five different types of hay an attempt to find which
chemical component(s) of the proximate analysis system would
predict voluntary intake (VI). The only sfznificant
correlations he could establish were between forage VI and ﬁ
lignin in the forage, and, between digestible energy (DE)
and X% CP, with no correlation between VI and DM
digestibility (DMD), or % CF and.VI. In contrast Dulphy et
al (1980) studied six grasses and demonstrated that for a 60
Kg sheep, a 1% increase in CF leads to a decrease of 38gd-1!
in VI. 8Seocane et al (1981), working with varieties of
alfalfa, bromegrass and timothy could not establish any
correlation between any ?f the chemical components measured
(CF, CP, EE, NFE, NDF, ADF, cellulose) and VI, however,
subsequent experiments yielded significant correlation
between DM intake (DMI) &and ¥ cell wall. No definite
conclusion could be made. ‘

The lack of correlation between intake and apparent
digestibility of DM observed by Crampton has been supported
by Van Soest (1982, 1977) and Hovell et al. (1986). Van
Soeat and Mertens (1977) and Van soest (1977) reported
large variations in correlations between chemical. components
of the detergent system and VI and /or digestibility. Van
Soeat (1977), however observed tendencies for parameters

0
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:;ch a8iNDF, cell wall and cellulose to be better cbrrelated

with DMI vs DMD ghereas lignin and ADF were better
correlated with DMD, suggesting that different parameters
affect DMD and DMI. It is therefore possible that ﬁo
correlation ‘exists between DMD and DMI latter in every
cases. It must be mentioned that in certain circumstances
positive correlations between digestibility and intake of
forages have been established (Baile and Forbes 1974, Balch
and Campling 1962). The question is still' not resolved and
no assumption about digestibility and VI correlation should
be made.

Regarding °~ cellulose, Van Soest et al (1978)
demongtrated that cellulose intake was correlated to
digestibility only when simuitaneously correlated with
lignin, which is not always the case. A good example being
the tropical grasses. The lack of association between lignin
and cellulose in aftermath forﬁges also explains the lack of
correlation between ADF, NDF and digestibility in each case
{(Van Soest et al 1978). It can therefore be concluded in
trying to evaluate digestibility and/ or intake of a fo?age
that not only must the overall chemical composition be
considered but also do their relative structural
arrangement. This fact is very well illustrated comparing
grass and legume species where, for a similar digestibility,
grasses will have higher cell wall and lower lignin content
compared to legumes ( Van Soest 1977, 1982) indicatirfzithat

, c
ligniﬁ, which is indigestible, does not always reduce

A
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digestibility. Rather, its effect depends upon its
-agsociation with the other structural carbohydrates. In

legumes lignrh'is more highly concentrated in cell walls of

4

the stems. As stated by Crampton (1967) to emphasize the

importance of structural arrangement of chemical

constitgehts:

"Extensive but slight lignification may hamper
the rate of digestion of the total forage more
than heavy lignification of restricted portions”

More recent histochemical studies revealed éLat in
fact, lignin in grasses f;as not only confined to the
schlerenchyma cell walls but also present in cell walls of
certain 1living cells and that none of these lignified cells
could be degraded by rumé&n microorganisms; and consequently
were . indigestible. This raises the whole problem of
antiquality factors or refragtory or inhibitory substances

that may be present in forages but are not specifically

deteQQZH by proximate analysis or detergent system 'of

analysis, thus confounding the interprtation of correlation.

or non—correlation between chemical composition and
nutritive value (V;n Soest 1982). '

These antiquality factors include such compounds as
phenylpropanoid ( lignin, flavenoids, coumarins, tannins,
isoflavones), terpenes ( oils, séponins, steroids), cutins
and suberins, and alkaloids. The first class is the most
important in forages and includes‘phenolic acids such as
benzoic aﬂé‘ hydroxycinnamic acids that are thought to be

crosslinking agents between lignin and structuraf

19
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carbohydrates (Burritt et al 1984). In fact, thege authors

obtained a significant correlation between the p-coumaric
acid/ ferulic acid ratio (PCA/FA), and in vitro DMD (IVDMD)
and, a s8ignificant negative correlation between PCA and
IVDMD when studying three grasses: lignin was positively
correlated to the PCA/FA. Jung (1985) using pure cellulose
and hemicellulose demonstrated different effects of wvarious
benzoic. and cinnamic acids on in vitro digestibility of
these cqmpounds by mixed rumen bacteria.

Lignin 1is part of these antiquality factors with
however no standard method of analysis. }E 18 as8 mentioned
before associated with lower digestibility in certaln
circumstances. The IVDMD of different tissues of grasses can
be 1mproved by delignification but the response 1s not
consistent, suggesting that cell wall polysaccharides could
somehow be inherently resistant to degradation (Barton and
Akin 1977 ,Akin and Burdick 1981). A potential effect of
other ©phenolic compound has not been examined and ‘thus
cannot be eliminated. The authors also reemphasized
Crampton’s proposal that that when studying digestibility
the type, site and extent of lignification are not to be
neglected. Van 8ovest and Moore (1965) suggested that ratios
of lignin to cell wall or CF or ADF be established. Such
ratios have been shown to be highly correlated to cell wall
digestibility by the samé.authors.

In addition to the presence of 1lignin or other

antiquality factors in plants and to the importance of -their

20




0 relative structural arrangement the nonuniformity of the
basic chemical makeup of the gross entities ( lignin, cell
wall, CF measured in ;he laboratory) also contributes to the
variability of results observed t;ying to correlate
digestibility to chemical composition (Van Soest 1982, Van
Soest _and Robertson 1977,Reeves 1985). Reeves (1986)
demonstrated that lignin composition best predicted DMD and
Fell wall digestibility vs fiber components

All these results lead to the following conclusions:
1- the interrelationship between 1ntake, digestibility

1

and chemical “composition &re highly species-oriented (Van
C

Soest 1965)
2~ estimating nutritive value from a simple proximate
}
analysis or detergent analysis component is too variable to
N\

)

-
i
HED;

¢

be dependable acléss a variety of conditions and forage
species. It i thus logical that fermentation procedures
result i1n more reliable estimates and it will remain as such
until all the factors involved in determining digestibility
and intake are known. ‘

Researchers working on the \estimation of nutritive

valae from in vitro fermentation have focused mainly on the

correlation between in vitro cellulose digestion and in vivo

cellulose digestibility or DMD. In wvitro cellulose

digestibility has been shown to be similar to in vivo

cellulose digestibility (Hershberger 1959, Johnson et al
1962, Dorefer et al 1960, Quicke et al 1959). It  was

0 observed however that legume yielded highly‘ variable
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results. In vitro cellulose digestibility -also appears to

‘‘be highly correlated with in vivo energy digestibility in

grasses (Hershberger 1959, Johnson et al 1982, Donefer et al
1960), with in vivo DMD in grasses (Johnson et al 1962), VI
and NV]I in grasses (Johnson et al 1962, Donefer et al 1960).
Note that Johnson et al (1962) also examined , such
correlations between in vitro cellulose digestion and in
vivo DMD, DE, NVI for alfalfa and obtained lower
coefficients than for grasses specially for NVI . Vogel et
al (1984) obtained similar figures for DMD of three strains
of Switchgrass in vivo vs in vitro. Good prediction of
organic matter digestibility (OMD) of grass hays 1s also

possible from in vitro results of OMD (Aer'’s et al 1977). In

fact these authors obtained higher correlation between in

vdvo and in vitro then when trying to establish

correlation with components of the proximate analysis or

detergent system. The correlation was however further
7

improved by wusing in situ nylon bag incubation. The

introduction of this nylon bag technique has permitted the
demonstration that hay degradation‘in the rumen was better
rglated to VI than in vivo digestibility (Hovell 1986,
Chenost 1%70).

The variability and non-consistency cf the results

trying to predict nutritive value of forages, and especially

the intake component , from chemical composition or im vitro

[ 4

or in situ techniques indicate that not all factors playing
a role in wultimately determining NVI have yet been

-
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° ident{:%{fied, and/or that interactions among them may be as
inpogéant as their individual presence.

Trying to integrate various chemical components in
order to predict animal performance or the nutritive value
of a forage some researchers developed summative equations.
The earliest ones have been established by Van Soest, Wines
and Jones (1957, 1968) to calculate OMD from NDF, lignin,
ADF and sometimes SiO, and in vitro digestibility of NDF;
these equations are summarized 1in Aert; et al (1977).
However, ten years later Aerts et al (1977)working with 42
grass hays demonstrated that in vitro and in situ technique
vielded much better estimates of in vivo OMD than Van Soest
summative equations, %ﬂ situ being superior to in vitro.
The same ranking applied when 56 si1lage samples and 39

A\\pellets samples were studied. More recently, Seoane et al

{1981) established a summative equation based as previous

ones on chemical analysis of cell wall components that could

A
predict DMD of alfalfa, 3 varieties of timothy and 1 of
Bromegrass grown under similar management conditions. In a
subsequent experiment Seoane (1982) formulated regression

equations able to predict digestible energy and CP inEakes
for similar forages. However, as Seone and coworke;;
themselves emphasized that these equations are applicable to
the forages studied and not necessarily to others grown

under different conditions or of very different ochemical

composiiions. -

0 Seoane et al. (1981) while constructing summative
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;quations also observed significant correlation between
physical characteristics of the hays namely packed cell
volume and water retentioﬁ and VI. In addition, the
development of the in situ technique and its marked
superiority to the others, the fact that particle size of
samples incuba£e§ and the diet of the animal used affect
the results obtained all these observations indicate that
rumen environment in terms of its micréorganis&s and
fermentation produé?s and its dynamic characteristics: rate

-~

of breakdown, rate of passage as well as interactions with )
Y

the host are to be considered in evaluating DMI and/ or DMD

of a forage (Mertens and ELY 1979). As stated by Mertens and

2 ~

Ely (1982):
( ",..both digestibility and intake of a forage are the

result of the dynamic interaction of the plant, microbe and

-

"

animal
Mathematical mod;}}ﬁm* of all these p}ocesaes and

interactions may become useful tools to predict nutritive

(v,_.a——...._

value of forages as long as they include all factors

involved; for now, they help to conceptualize and verify the

Lo gbeories proposed for the control of intake and

digestibility. Under most feeding conditions and especially

for low quality forages, DMI is the key factor determining
animal performance (Waldo and Jorgensen 1981). “

In fact DMI accounts for 70% of the nutritive wvalue

index developed by Crampton et al (1960). As stated by

ﬁ Worrell et al (1986):
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Before intake can be predicted from these" referring
to physical characteristics of forages "and other ruminal
models, / individual parameters that influence intake must be
ident ed and estimated".

dVér the years several strategies have been adopted to

&

improve DMI and animal performance of ruminants on high
forage diets ; mechanically treating the forages ( grinding
and pelleting) treating the material with chemicals (sodium
hydroxide {NaOH) , hydrogen peroxide (H20:), sodium
bicarbonate (NaHCO;) o;fammonia (NHs)) , and supplementing
the forage with a CP source. The two first points mainly
"attack"” the fiber components of the forage whereas the last
one deals with the N status or protein status of the animal-
rumen microflora complex. The CP content of the grass hays
and crop residues 1is usually very low and often below

National Rsearch Council Requirements for growing or

lactating animals. Note that the CP aspect has never been

considered 1in the development of summative equations nor in

Fr dvn B O S a2 4 L7

vitro method, nor chemical composition correlations in
trying to predict the nutritive value of forages. 3

Although the main objective of most of these studies

was to develop feeding regimes and/ or processing methods
of forages that would lead to improved animal performance,
the changes they provoke in  rumen-host metabolism

parallelling changes in intake are a mean of +trying to

determine the parameters that are of impoftance in
controlliny the voluntary consumption of ruminants. It
o should also be understood that nutrition is a critical and

primary factcr involved in intake control, whereas sciences

-
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such as ejrocrinolozy, neurology should eventually be

integrated.

' Before the effects of chemical and physical treatments,
CP supplementation can be discussed, a general understanding
of rumen metabolism and how it relates to its host is
necessary. Since forages are being studied the brief
overview of rumen metabolism to be presented will focus

mainly on carbohydrates and protein fermentation and

digestion.

2.2 RUMEN METABOLISM IN RELATION TO FORAGE FEEDING

2.2.a Rumen microorganisms

L

The rumen offers a site of fermentation prior to the
true gastric and intestinal digestion and absorption
distinguishing ruminants. anatomically from non-ruminant
herbivores and monogastric animals (Hungate 1966). Despite
the almost continuous input of a variety of feeds and their
acid producing fermentation, acids, do not accumulate in
the rumen because of the buffering effect of saliva, acid
absorption through the rumen wal}, passage to the lower
gastrointestinal tract (GI) (Van Scest 1982), and
“interactions between rumen microorganisms where one microbe
utilizes end-products of others (Hungate 1966). The rumen
microorganisms include principally a mixture of small

bacteria (Selenomonads and Oscillospora) , ciliate protozoa
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and fungi (Van Soest 1982). More then half of the metabolic
work accomplished in the rumen can be attributed to the
rumen bacteria emphasizing their importance eventhough they
represent about half of the total rumen Eiomass {Van Soest
1982). The rumen bacteria are often classified according to
the substrate they attack, albeit some may be able to use
several different substrates depending on availability.
Hungate (1966) had divi ed/“;;;Ln bacteria into the
cellulose digesters including rod shaped cellulolytic

- -
bacteria (eg.Bacterﬂﬁdes succinogenes, B fibrisolvens), the

cellulolytic cocci (eg. Ruminococcus albus, R flaveciens),

the starch digesters or amylolitic bacteria (eg.

Steptococcus bovis, B ruminocola Selenomonas ruminantium)

the hemicellulose digesters, most of which are cellulolytic
bacteria, the sugar fermenters, the bacteria using acids,
the methanogenic bacteria, the proteolytic bacteria of which
only a few are non saccharoclastic, and\vlhe lipolytic
bacteria.

The nutritional.requirements of these bacteria have not

been clearly defined yet, the task being complicated by the

fact that some bacteria can fulfill their requirementg from

compounds from the diet but some use fermentation products
of onther microbes., However, it is well known that
carbohydrates are the major energy source of rumen

microbes. As noted by Hungate (1966) the intermediate state
of oxidation of the carbon renders carbohydrates the most

efficient energy source for anaerobic organisms. Although

27




some microorganisms are facultative anaerobes, the majority
a;e obligate anaerobes (Van Soest 1982{. In some instances
proteins or amino acids can be used and will be used as
sources of energy, but, very few bacteria are totally
dependent on protein. (Hungate 1966). Energy derived from
carbohydrate fermentation as adenosine triphosphate (ATP) is
required for growth and maintenance of the bacteria. As ATP
is generated from carbohydrates, so are volatile fatty acids
(VFA) such as acetic, propionic, formic, butyric, isovaleric
and succinic acids. Some of these compounds become an energy
source for the host (Orskov 1982) while others are reused
and transformed by other bacteria. The energy from synthesis
of acetic, propionic and butyric acids is thought to be 2
ATP mole-! of acetic acid, 3 ATP mole-! of propionic acid
produced via the succinate pathway, 3 ATP mole-! of butyric
acid and 1 ATP mole-! methane (Van Soest 1982).

The interdependence of rumen bacteria has long been
recognized; 60% of' the rumen microbes utilize as energy
sources end-products of other microbes (Van’Soest 1982). A
good example of bacterial interdependency 1is the
decarboxylation of succinate to propionate and CO: such that
succinate 1is8 not often found in rumen fluid (Wolin 1983 ) .
In addition to energy, rumen bacteria also require a N
source in order to synthesize proteins. The N sources
available are non-protein nitrogen (NPN) from the forage
itself, ammonia (NHs) from urea in\Fhe diet or saliva,

amino acids from endogeneous sources or from the feed,

28




)

¢

, 3T T, s g tape LR i N MRL T 2
ATV ST A AR, T T 8 R B T R R R R A R
P H - ' ' - %, T TN
.

’ B

protein from the feed or endogeneous sources.
Cellulolytic, methanogenic and some amylolytic bacteria
use NHs-N preferentially and in fact some bacteria are

unable to survive if given N as amino acids-N only (Van

Soest 1982, Hungate 1966). However, amino acids can be
assimilated by Streptococcus bovis, Bacteroides

succinogenes, Butyvibrio ruminicola, B. fibrisolvens . Some

strains of B. ruminocols, Butyvibrio fibrisoclvens and

succinivibrio appear to require preformed amino acids

(Hungate 1966). Thus, the fact that ruminants can survive on
a diet containing only urea does not imply that microbial
production will be optimal (Orskov 18982). The presence of
amino acids Cﬁ? increase the efficiency with which energy
sources are used fgr microbial protein synthesis (Cotta and
Russell 1982).

Branched-chain VFA (BC-VFA) (isovaleric, isobutyric and
2-methylbutyric acids) are also required by rumen bacteria
especially cellulolytic bacteria, for maximal growth
(Rungate 1966, Orskov 1982, Gorosito et al 1985). The
presence of these BC-VFA in an in vitro culture system have
been shown to increase cell wall digestion - and ammonia
utilization by mixed rumen bacteria (Gorosito et al 1985).

The growth promoting effect of BC-VFA for cellulolytic

bacteria has been demonstrated by Mir et al. (1986) who
obtained higher diges%ibility for barley straws when
supplemerited with BC-VFA. Supplementation with the

corresponding BC-amino acids yielded variable results
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suggesting that the requirements are for the BC-VFA’s,

For ammonia to be used for microbial protein (MCP)
synthesis, a source of sulphur must also be awvailable
(Hungate 1966, Orskov 1982). For ammonia to be efficiently
utilized energy must be simultaneously available, enhancing
the importance of adequate timing of energy release for
protein synthesis (Hungate 1966). In addition to energy, N,
and BC-VFA, bacteria also need minerals that, if not
present in adequate amounts may 1limit growth and/ or
efficiency (Orskov 1982). Heme protein and B vitamins may
also be limiting in some instances (Van Soest 1982).

All rumen bacteria can be subdivided further according
to their physical location: the predominant bacteria are
found free in the rumen environment, some are attached to
feed particles, about 38%, and, a third population is found
attached to the epithelium of the rumen (Baldwin and Allison
1983, Cheng and Costerton 1981). The attachment of bacteria
to the feed ©particles, which is thought to be via the
glycocalyx, is the major reason for the 1lag time of
digestion observed when forages are studied in vitro or
incubated in nylon bags. The requirement for attachment
before any digestion can occur could be related to the fact
that some of the enzymes required are located in the
polysaccharide glycocalyx or that they need this association
in order to remain stable (Cheng and Costerton 1981). Akin
and Barton (1983) also observed that different "attaching

bacteria” have different affinities for various plant cell
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wall tissues. Also hypothesized was that some bacteria may
first break down cell wall allowing other ones to come in
and digest the material.

The bacteria adhering to the rumen epithelium, in
contrast to the rest of the rumen microflora, do not seem to
be affected by variations in diets (Cheng and Costerton
1981). Between 25 and 50% of these are facultative anaerobes
and may play a role in maintaining anaerobic conditions by
scavenging oxygen that could diffuse in from <the blood
{(Cheng and Costerton 1981). These epithelium adhering
bacteria have another «critical role especially on poor
quality forage diet as they produce urease, the enzyme
required to split urea into ammonia and CO:.

The general 1location of the rumen bacteria is of
primary importance in determining their rate and extent of
passage to the lower GI tract as well as if they will leave
the rumen with the solid or liquid phase, the liquid phase
moving much faster than the solid phase (Prins and Clarke 19
., Cheng and Costerton 1981). Note that the tissue adhering
bacteria will eventually leave the rumen since they will Dbe
released upon sloughing off of the rumen epithelium.

Aside from the bacteria, another important group of
rumen microorganisms in terms of its biomass is the ciliate
protozoa population (Veira 1986) of which two major
categories exist; the Holotrichs that assimilate soluble
sugars very rapidly and, the Entodiniomorphs able to ingest

starch especially from small grains and digest cellulose
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(Hungate 1966). Fermentation products by protozoa results in

compounds similar to fermentation by hacteria: COz, hydrogen
(He ) and'the VFA's (mainly acetate and butyrate) (Van Soest
1982). The protozoa have also been demonstgated to have’high
proteolytic activity and are able to ufilize bacteria as
their protein source. They may also use proteins to obtain
energy subsequently releasing some NHs; (Hungate 1966, Van
Soest 1982). The fact that protozoa recycle bacterial-N may
cause a reduction in the amount of bécterial-N.leaving the
rumen, thus of potential use to the host. Note that protozoa
do not leave the rumen as extensively as bacteria (Veira
1986), and their higher retention time may be a condition
for their survival (Orskov 1982). Bacterial-N recycling also
reduces the efficiency of microbial cell production s8ince
this assimilation of bacterial~-N is an energy requiring
process (Van Soest 1982). A major problem is encountered
when trying to understand better the role of protozoa in the
rumen: their jin vitro culture without any bacteria is very
difficult (Van Soest 1982). Consequently, their roles are
assessed from comparing faunated animsNs vs defaunated ones.

Their possible functions in rumen metabolism have been

extensively reviewed by Veira (1986): uptake of rapidly

¢ o
———

fermentable sugars preventing drastic drops in rumen pH,
regulation of lactate metabolism, digestion ?f cémplex CP
and carbohydrates. As mentioned by the author care must be
taken in interpreting the results from faunated vs

defaunated animals since in naturally faunated animals large

»
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. variations in the number of protozoa as well as types are ¢
common, and this effect on the nutrition of the host |is
unknown.

The complexity of the population of rumen
microorganisms due to the diversity, number and interactions
among Aicroorganisms for substrates as well as the
interdependency of certain strains upon end products. of
others is now evident. Because of this, it is very difficult
when studying the host-microbe system to predict the effects
of varying the characteristics of a diet such as composition
and/or physical form, and/or feeding frequency on the rumen
microorganisms to subsequently predict the changes in end

products of fermentation available to the host. Thus, most

5.
M,
=~

of the time researchers directly measure the end products |

és

of fermentation such ag VFA’'’s, NHs and microbial cell yield

that are the main determinants of animal performance.

2.2.b Relationship between fermentation products and

host metabolism P

The digestive patterns in the rumen have been reviewed
in details by Baldwin and Allison (1983) and Russel and
Hespell (1981) and will not be discussed here.
Carbohydrates, which are the major fraction of forages and
the major source of energy, are ultimately transformed to
VFA methane and CO;. Methane is a major "Hy sink”

o preventing accumulation of H: produced from intermediary
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metabolism. Increased acetate production leads to increased
methane produqtion. The VFA's are absorbed through the rumen
‘wall,\ some of them being metabolized by rumen epitheliuni
before entering the blood ciraulgtion, especially butyrate
which is tfansformed to acetoacetate and DB-hydroxybutyrate
{Annison and Armstrong 1975 ). Acetate can enter the Kreb

v

cycle\ and furnish some ATP’s or be channelled into fat

synthesis. The i1mportance of propionate resides in the fact
/
/
that 1t is the major precursor of glucose in ruminants
(Annison and Armstrong 1975 ). Propionate can also be used

as an energy source or for fa% synthesis.

Since the fermentation 1n the rumen is not complete the
indigestible residues will pass to the lower GI tract where
some post gastric fermentation in the la~ge 1ntestine and
colon ¢an occur. Some unabsorbed monosaccharices may also be
absorbed at the duodenal level as in monogastric animals as

well as some carbohydrates derived from the digestion of

microbial cells passing out of the rumen.

4

NPN entering the rumen can lead to the formation of

NH,, CO; and acetate. The NHi; can subsequently be

incorporated into micro?%al cells as proteins or other N

compounds provided ‘QPergy, BC-VFA and S afe available

(Baldwin and Allison 1983 ) or diffuse in the Dblood.

Proteins entering the rumen can either first be cleaved to
'amino acids that can directly be incorporated into

microbial cells or be deaminated with the NH; entering the

rumen NH; vpool and @he carbon skeleton used as enegrgy or,
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directly pass out of the rumen for potential absorption in

w,1:he duodenum. Alternatively, the amino acids can remain

undegraded and by-pass the rumen (Chalupa 1984). When amino
acids are used as energy sources some VFA’'s and CO:; are also
generated. Thus, the host is supplied by various sources of
N: ammonia, which may be absorbed from the rumen or post
ruminal fermentation and be used for subsequent synthesis of
non-essential amino acids or be detoxified in the liver to
urea; some protein and/ or amino acids from the diet
reaching the duodenum intact; some microbial proteins which
especially appear to be the major N source for ruminants on
forage diets, reaching the duodenum and undergoing normal
gastric digestion and duodenal absortion; N absorbed from
the lower GI tract as end product of fermentation.

The amino acids absorbed from the diet or via the
microbes enters the host’s metabolism as in monogastric
animals and c¢an be used for protein synthesis, energy
production and when biochemically possible gluconeogenesis
(Owens and Bergen 1983). Thus,the essential amino acids can
be of microbial or dietary origin and the overall supply
from these two sources will determine if the host’'s
requirements are met. The biological value of microbial
proteins does not seem to be altered much by differences in
diets varying between 66 and 87 as reviewed by Owens and
Bergen (1983). Restriction of N, however, appears to cause
increased polysaccharide synthesis vs protein (Owens and

Bergen 1983). Another point for protein of microbial or
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dietary origin is that they not only have to reach the

duodenum and have the correct amino acid profile the
protein must also be available to the host.

When forages are fed the ability of ruminants to
recycle N becomes an important factor in protein nutrition.
The rumen NHs that arises after a meal can be absorbed by
microbes, flushed to the omasum or absorbed through the
rumen wall as previously mentioned: It can be converted to
urea in the liver that can then enter the blood urea pool.
This blood wurea can be eliminated through the urine,
however, depending on rumen NH; concentration, on blood
concentration, and on the amount of OM digested in the rumen
and VFA produced, 1t can also be recycled to the rumen via
the rumen wall or saliva, where it 18 hydrolyzed to NH;
(Owens and Bergen 1983). > Recycling via the saliva is the
most important route when diets high in forage are fed. Note
that NHas can also diffuse from the gut into the blood or
urea can be recycled to the GI tract postruminalyl where
fermentation also exists, It has been estimated that between
23 and 92% of plasma urea can be recycled to the gut (Owens
and Bergen 1983). The N recycling ability of the ruminant is
an excellent example of the close asgsociati’®n and symbiosis
present between its own "mammaliam meta%plism" and its
"rumen microorganisms metabolism”. This close relationship,
however, complicates the researcher's task when trying to
understand the mechanisms by which dietary changes bring

N

about changes in types and amounts of nutrients ultimately
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available to the host as well as the time when they are
available to ultimately determine how they integrate to
control feed intake. Factors such as efficiency of microbial
protein synthesis, efficiency of growth , outflo; of
microbial cells from the rumen, microbial cell composition
will eventually affect the host, can be influenced by =a
variety of factors such as; feeding frequency, overall
chemical composition of a diet, ruminal pH, ruminal dilution
rate, nutrient solubility, degradability, timing of release
of different nutrients. The study of all these factors
independently of factors directly affecting the host would
not be very relevant when trying to determine how ruminants
control their forage intake and what Qietary factors are of
importance. They will thus be included in the subsequent
discussion with other parameters altered by mechanical or

chemical treatments or CP supplementation of forages.
2.3 METHODS TO IMPROVE DRY MATTER INTAKE OF FORAGES
2.3.1 Mechanical treatment

As mentioned earlier one of the early step in the
igestion of forages , is the attachment of rumen
microorganisms, specifically cellulolytic bacteria to the
plant cell wall, which assists in the colonigation by other
types of Dbacteria (Wolin and Miller 1983). Under high -
forage feeding conditions physical breakdown of feed

14
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particles is an integral step of the digestive process and

if accomplished by mechanical means greatly eases the task

of the rumen microorganisms. The natural "mechanical means"”
a ruminant has are mastication, rumination, microbial
fermentation and rumen contractions (Kerley et al 1985).

The development of mechanical processes, breaking down
plant particles to facilitate andgenhance all these steps,
has been the objective of several exgpriments. This
reduction in plant particle size priorm feeding would
increagse the surface area available to microorganisms
(Thomson and Beever 1982, Jaster and Murphy 1983, Kerley et
al 1985) and thus increase rate of fermentation (Blaxter
1962). However, pelleting and chopping of grass hays have
been shown to hgye a variety of other effects on the
digespive parameters in most instances ultimately resulting
in higher DMI by ruminants (Thomson and Beever 1980, Laredo
and Minson 1975, Minson 1967). Grinding and pelleting
results in increased rate of passage through the rumen or
decreased rumen retention time of the particulate fraction
({Laredo and Minson 1975, Minson 1967, Thomson and Beever
1980, Hodgson 1973), usually parallelled by a decreased DMD
(Laredo and Minson 1975, Minson 1967), and digestibility of
cell wall components (Laredo and Minson 1975) with the
effect being greater for the forages of lowest quality. To
eliminate a potential confounding factor of intake on the
digestibility measurements, pair feeding studies have also

been conducted comparing chopped v8 ground and pelleted
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grass hays. These studies confirmed a reduction in apparent
digestibility of DM (Beever et al 1981) and NDF (Firkins et
al 1986). The 1increased rate of passage could in fact
explain the lower digestibility of fiber. Pelleting and

grinding has also been shown to cause a shift in sites of

digestion from the reticulorumen to the duodenum
particularly for the proteins and carbohydrates, energy and
OM (Beever et al 1972, Coelho da Silva et al 1972). The

greater flow of N to the duodenum (Coelho da Silva et al
1972, Beever et al 1981) is due to an increase in bypass
protein from the feed not to an increase 1in microbial
progéin flow (Beever et al 1981). Overall an improvement in
N retention 1is observed when grass hay is ground and
pelleted.

All these effects seem to relate back to the increased
rate of passage through the rumen caused by pelleting and
grinding of hays; the intermediate agent between the two
being reduced particle size of forages entering the rumen.
This is supported by results obtained by another group of
researchers studying the effect of feeding forages ground to
precise and graded sizes prior to feeding on digestion
(Kerley et al 1985, Kinser et al 1985) observing different
rates of passage for different sizes with the effect often
being quadratic. Reid et al (1977) concluded that in order
for the ruminal solid fraction to be able to leave the rumen
the particles must be reduced to 1 millimeter (mm) or less.

Smith et -al (1967) opted for the .84mm. The potential
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optimal density or specific gravity favoring ruminal escape
({Ehle 1984, Welch 1986, DesBordes and Welch 1984) is also an
important factor. Although the optimal particle size or
density favoring the fastest escape from the rumen has not
been determined and could vary across different diets
(Troelson and Campbell 1968) the threshold size for the
legume particles to leave the rumen is greater than for
grass particles.

There is not much doubt that there are important
parameters affecting rate of passage that may play a role
when hays are ground and pelleted. This increase rate of
passage of solid material observed upon mechanical
processing of hays could in turn be a key factor 1in
explaining the concomittant improved DMI.

The concept of bulk or reticuloruminal distension being
a limiting factor to intake of low quality forages is not

new, Increasing the rate of passage, keeping the

~reticulorumen distension constant could allow for greater

intake. Although the concept has been challenged by Mowatt
(as reported by Grovum 1987) stating the "role of rumen
in physiologicall; inhibiting forage intake is of much less
importance than that currently attributed to it" and by
Grovum (1987) who suggested that distension of the reticulum
and cranial sacs were of greater importance it cannot be
refuted nor proven by the above results. The evidence for
the existence of some distension receptors in the rumen or

retioulo;umen came from studies of Grovum (1979) who
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observed reductions in intake as balloons filled with water
were placed in the reticulum and studied of Egan (1972) who
observed decreases in intake when balloons were placed 1in
the rumen. Laredoc and Minson (1973) observed that rumen
contents of sheep fed stems or leaves of different grasses

'

would not differ despite higher intakes of leaves. Leaves
however caused shorter retention &time. A significant
negative correlation has been established between DMI of
Panicum grass and rumen retention time (Thornton and Minson
1972) further suggesting that the rate of passage through
the reticulorumen is‘q%ffected by particle size reduction
and could, under similar levels of reticulorumen distension,
physically allow different daily intakes. The animal would
then be able to eat more to try and improve its energy
and/or N status which are often not ideal on a low quality
roughége diet. The improved N balance due to greater
ruminally undegraded proteins could inherently affect DMI as

will be elucidated in subsequent discussion.

The rate of passage or liquid dilution rate has also

been shown to be an important factor for microbial growth,
microbial symrthetic efficiency and microbial mass reaching
the duodenum. Higher passage rates increase the efficiency
of yield by reducing the proportion of energy used for
maintenance by reducing recycling protozoa being
particularly sensitive to high turnover rates (Van Soest
1982). Microbes, being an important source of protein for

the host a8 well as energy from fermentation product,
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could also affect host metabolism and intake by alteration

in their fermentation patterns.
Aside from mechanical processing to enhance intake and
digestibility, forages can be chemically treated with alkali

solutions including or not some N.

2.3.2 Chemical treatment

2.3.2.a Treatment with sodium hydroxide

Among the alkali solutions used, a major one is NaOH
whose use has been investigated for the past century (Nolte
e: al 1987).

Treating low quality forages with NaOH solutions alters
their chemical composition by decreasing the ‘relative
proportion of NDF (Levy et al 1977, Nolte et al 1987) and
ash (Nolte et al 1987). several studies demonstrated that
treating cereal straws with NaOH greatly improves 1ts DM and
OM digestibilities to levels of 55-60% (Nolte et al 1987,
Shriskandarajah and Kellaway 1984, Levy et al 1977, Lin et
al 1986, Carmona and Greenhalgh 1972), as well as NDF
digestibility (Lin et al 1986, Nolte et al 1987). DMI and
OMI are also positively affected by NaOH treathent~(Nolte et
al 1987, Shriskandarajah and Kellaway 1984, with up to 100%
increases in OMI observed. However if very high levels of

NaOH applied, some palatability problems are encountered

(Levy et al 1977).
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It was suggested that NaOH can improve digestibility of
lignin, silica and crystalline cellulose closely associated
with lignin (Levy et al 1977, Owens 1978, Lin et al 1986,
Akin and Barton 1983) by splitting ester linkages thus
solubilizing hemicellulose (Lin et al 1986) resulting in a
better exposure of the slowly and readily digested tissues,
and enhancing the attack by bacteria (Akin and Barton
1983).

While NaOH has on a few occasions been reported to
affect dilution rate or rate of passage as pelleting and
grinding ( Shriskandarajah and Kellaway 1984, Berger et al
1980), the main changes appear in rumen fermentation as
indicated by increased total N per se , microbial-N/total-N
reaching the duodenum (Shriskandarajah et al 1984},
increased rumen total VFA production with no changes in
molar proportions (Lin et al 1986, Levy et al 1977,
Shriskandarajah et al 1984), and increased OM digested in
the rumen. These changes could however be confounded with
the improvements in DMI and DMD. A better energy ’and/or
protein status of the microorganisms or the host caused by
improved availability of substrates could be involved in

determining DMI.

Treating low quality forages with alkaline solutions

]
prepared from NaCOs (Shriskandarajah and Kellaway 1984) or
from wood ashes (Nolte et al 1987 ) yielded similar results

as NaOH and appears to act in a similar manner.
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Though the exact mechanisms by which these treatments

affect DMI have nhot been eatablished yet, results obtained
to this point certainly demonstrated that rumgn metabolism
and its end-products cannot be overlooked when studying
intake. The importance of the rumen had been recognized in
1962 by Balch and Campling stating that . "the rate at
which rumen fermentation proceeds has a great influence on
both total and digestible feed intakes."

The recognition of the needs of rumen microbes %pr N
and the low inherent content of poor quality forages as well
as the limitations on fermentation imposed by certain cell
wall or fiber components all led to the development of NH;

containing solutions to chemically treat the forages.

2.3.2.b Ammoniation of forages

As demonstrated earlier, alkali treatment acts on the
cell wal} or fiber component improving the overall DMD and,
it may well be that under these circumstances the
requirements by the microbes for N can be increased (Orskov
et al 1983) and, consequently, supplying extra N by
ammoniatiyg//forages could be beneficial. Treating cereal
straws. an \iﬁﬁ/qpality grasses ?ith ammonia increases their
N content by 2 and 3 times their original value (Brown et al
1987, Paterson et al 1981, Graham and Aman 1984, Horton
1978)., Lower levels of NDF (Brown et al 1987, Paterson 1981,

Chestnut et al 1987, Buettner et al 1%82), ADF (Brown et al
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1987), and phenolic acid (Chestnut 1587) are also observed
with NH3 treatment. Ammoniation causes, as does NaOH a
solubilization of cell wall components as well as substances
inhibiting baot;rial attack probably responsible for the
highest DMD, OMD, NDF digestibility (NDFD), and ADF

digestibility (ADFD) observed in vitro and in vivo by the

same authors. Kolankaya et al (1985) studying the effect of
NH3 treatmernt on the degradation of straw by cellulolytic
bacteria observed a much higher colonization of the
ammoniated straw vs untreated straw, a faster solubilization
of the treated material and an improved growth and greater
accumulation of protein in bacteria grown on ammoniated

straw. The authors also noted higher acetate production‘by

R. flavefaciens and B. succinogenes when grown on ammoniated

straw. This enhanced acetate production was accompanied by a
higher acetate/propionate ratio in vivo when steers are fed
a 3% ammoniated tall fescue (Chestnut et al 1987). The role
of propionate in the control of intake has been suggested by
Elliot (1984) where a drop in intake was obserged by
infusion of propionate into the mesenteric véin of c;ttle.
the lower propionate here may suggest a loweﬂ%inhibition of
intake.

In vivo NH; treatment also resulted in higher rumen

ammonia (Chestnut et al 1987, Horton 1978) which is a
required N source for cellulolytic bacteria that could . also
play a 10le in better utilization of the CF fraction. In all

studies reviewed, NHs; treatment caused important increases
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in DMI.;nd OMI. Horton {1978) obtained an increase in DMI of

.41% with ammoniation of cereal straws and Buettner et al.

(1982) an increase of 32% for tall fescue. Since the effects

of NH, treatmenﬁg ;;-the kinetics of rumen fermentation and
rates of passage when studied were nil (Nelson et al 1984)
and since carbohydrate and protein intakes and metabolism
in the rumen are altered,(it is difficult to make inferences
as to what primarily affected DMI: improved energy status of
the host because of higher VFA, higher rates of degradation
reflected by higher VFA which could lead to faster rates of
passage and altered flow and form of N reaching the duodenum
as for NaOH, higher VFA due to improved microbial efficiency
due to altered ruminal ammonia concentration.

% Although the optimal level of rumen NHis for microbial
growth and/ or efficiency is still controversiaf’théfe is no
doubt that N cah be a limiting nutrient when ruminants are
fed high forage diets as demonstrated by DMI reponses to
urea supplementation (Neutze et al 1986).

In fact, when a supplement containing scme soybean meal
(SBM) and rapeseed meal (RPM) was given to steers with
ammoniated or non treated cereal ' straws, the’ beneficial
effect of NH; in terms of DMD and DMI were eliminated
(Horton 1978). 1In this case however the supply of preformed
protein and amino acids in addition to NPN does not suggest
that both types of N sources are required to promote maximal

animal response, introducing *;he importance of the N

nutrition of the rumen microorganisms and host in the
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", control of feed intake.
The variations in intake observed when a 1low quality
forage is fed with an extra protein or NPN source éill thus ~
be reviewed. Note that much of the work has also been done
on protein supplementation of grain containing or silage
;ontaining rations but those will not be considered\bécause
of different initial rumen fermentation caused by the basal
diet composition which is completely different from a basal —_
forage diet. Comparisons are therefore difficult eventhough
concepts such as ruminally degragable and undegradable, N vs
amino acids requirements of the microorganisms and the host,

altered flow of nutrients to the duodenum are still valid in

all cases. '

2.4 SUPPLEMENTATION OF FORAGES V//A\“

2.4.1 Crude protein supplementd®™fon of low quad ity
forages ‘ ‘

As mentioned earlier low quality forages are inherently

low in N and thus cannot optimally supply the N requirements

of the rumen microorganisms and/ or the host. The N status
of the ruminant that ultimately results from—a combination
of dietary N and m}crobial N has been suggested to be a
potentially important factor in contréiling intake, i,
- addition to the rate of passage. In fact, in 1965 Egan
_\ demonstrated that feeding N supplement iqproved'N balance of
o sheep on a low protein roughage diet parallelled with higher
417 v
| c . : L
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dry matter intakes which cannot “be accounted for only pr the
imcrease in rate of passage. The author obtained positive
response in DMI and DEI with urea and casein infused into
the duodenum of the sheep. With ruminants, it is difficult
to de?&rmined if the DMI effect of an extra N source occugs
via an increased availability of NH; to microorganisms
leading to an increased microbial protein synthesis leading
to more proteins avajilable to the host or if' similar
beneficial effects on microbial metabolism are brought about
by i1ncreased dietary amino acids available 1in the rumen or,
1f the extra N source supplies more ruminally undegradable
protein that would be directly available to the host at the
duodenal level. The 1ntegration of all these sources of N
for the host will at the ené determine the overall N supply
available for absorption and retention and thus directly
affect the N status of the host.

Intraruminal infusion of urea and inclusion of urea in

v

the diet have been demonstrated to improve DMI of sheep and

steers féd 1low quality forages such as oat hay (Egan and
Doyle 1985), oat chaff (Redman et al 1980), oat hulls and
/ﬁv/BG{RE‘ flock (Kempton and Leng 19789, Kempton et al 1979 ).
L} The addition of urea (11.5gNYkg-! DM) to a diet of oat hay
increased the fractional outflow rates of dietary and

microbial digesta fractions and, notably the flow of

microbial non ammonia N (NAN) to the duodenum (Egan and
Doyle 1985). However this could be confounded with the

]
c higher DMI. Kempton et al (1979) did not observe any changes

F Nl
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‘ in microbial NAN/OM digested when supplementing 25g urea kg-
1 DM of a oathulls solka floc basal diet. Consequently, the
improved DMI could have resulted from an enhanced bacterial

ﬁfermentaticn activity caused by added NH; resulting in
faster breakdown and passage as well as more microbial
protein, in absolute terms, reaching the duodenum. Increased
fermentation activity is supported by a increased VFA
production in moles metabolizable energy intake-! (MEI) when
urea 1is supplemented with no alteration in the molar

proportions (Kempton and Leng 1979).

Supplementing casein to an oat hull solka floc ration
({Kempton and Leng 1979, Redman et al 1980), or supplementing
blood meal corn gluten meal to corn cobs (Nelson 1985), or

1 supplementing cottonseed meal to prarie hay (Krysl et al

1987) resulted in higher dry matter inta s These effects
may be mediated by their N or amino agfz supply to the
microbes and/ or host.

Kempton and Leng (1973) and Kempton et al. (1979)
demonstrated the importance of meeting microbial N needs as

as host amino acid requirements to obtain maximal

performance or maximal intake by sheep. Sheep being offered

J

a supplement of‘QSg urea kg-! DM in a basa} oat hull solka

floc diet, or 75g casein kg-! of the basal diet or, 25 g urea

i
and 75¢ casein all showed similar improvements in DMI over

the basal diet (+27%) suggesting that th&§ urea was
sufficient to meet N requirements of the microbes with no

0 other benefit of supplying amino acids to the rumen.

\

'
i
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However, when 25g urea and 75g formaldehyde treated casein

(HCHO-casein) which is not degraded in the rumen, produced

a_ §7% increase in DMI demonstrating that

supplying duodenally required amino acids is also of
critical importance in addition supplying N to the rumen.
Only supplying HCHO-casein resulted in a similar response as
normal casein or urea. Both are required; N in the rumen and
amino acids for the host. A subsequent experiment further
supported this fact. When a 1508 kg-! DM casein supplement was
given or 100g casein and 50g HCHO casein kg-! the liveweight
gain of lambs were lower than when the proportion of HCHO
cagsein was 1ncreased to 100g. Even if casein and/or urea had
caused an increase in abomasal microbial N flow it was still
not enough to match the effects of the HCHO casein. Both are
thus important although each <can individually increase
intake if deficient.

Q
Supplying N to the rumen could also cause greater

" amounts of protein reaching the duodenum and in turn supply

amino acids to the host as mentioned and demonstrated
earlier.” However, the profile of amino acids supplied must
also be adequate to meet the animal requirements. Thus,
duodenal amino acid flow and profile either arising from the
diet or microbes can be considered as important factors
playing a role in determining intake.

The microbial requirements for N or amiﬁo acids and how
deficiencies can affect DMI are still unclear since some

studies did not show any beneficial effect of supplying
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o preformed protein to a urea co;lta}ninz diet ( Howell et al 2
1983 ); However, DMD seemed to be improved as well as ‘
liveweight gain of the animals. The form in which N is
supplied, the rate of passage and of degradation of feed
particles, the extent of particle breakdown and the
availability of cell wall components as the main energy
source of forages, and microbial activity and resulting
fermentation conditions (end-products and kinetics) have all
been shown to affect DMI of low qu;lity forages. These
conclusions come from experiments in which known dietary
parameters have been altered and consequently the effects
observed can be related back to these,

The situation however, is more complicated when

studying mixtures; the supplementation of low quality

(2%

forages with legume hays such as alfalfa or clover hays.
Such a practice is also commonly used to improve DMI amd
performance of animals fed low quality :forages, in many
instances less expensive than mechanical processing or
protéin supplementation and less hazardous than chemical
treatments. The reasons behind the observed increase in DMI

however remains unclear.

2.4.2 Supplementation of low quality forages with
legume

A positive response in terms of liveweight gain of

-
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animals offered legume or a mixture of low quality forages

(eg: corn cobs, grass hays, corn stovers) and legume over
the 1low quality forage fed alone has been demonstrated on
several occasions (Brandt and Klopfenstein 1986a,
Klopfenstein and Owen 1981, Moseley 1974, Cruickshank et al
1985, Paterson 1982). Although the reasons behind this
improved wutilization of low quality forage when a good
quality legume is supplemented are still unclear (Ndlovu and
Buchanan-Smith 1985) as the increased DMI almost invariably
observed could be the origin of all the positive effects
described alone. However, the magnitude of the response is
highly §ariab1e. DMI of lambs offered different ratios ad
libitum of alfalfa/ tall fescue namely 0, 25, 50, 175 and
100X alfalfa linearly increased as the level of alfalfa
increased with no effect on DMD (Hunt et al 1985). When the
intake was restricted to 4502 DM an increased DMD was
observed as alfalfa increased while NDFD decreased
suggesting that NDF from alfalfa was more resistant to
degradation then NDF of fescue or that passage rates were
higher for alfalfa allowing less time for digestion in the
rumen, Sigilarly Soofi et al (1982) observed a linear
increase in DMI and OMI when soybean stover/ alfalfa ratio
was varied from 1:0, 2:1, 1:2, 0:1, and an increase in DMD
with increases 1in alfalfa when intake was restricted.
Moseley (1974) studying ryegrass-red clover combinations,
Reid et al (1987) with alfalfa-ryegrass, Baker (1969) wi@h

afalfa and timothy all observed DMI, DMD,. NDFD for mixtures
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of grass and legumes higher than those expecte& from the
welghted mean intake of each of the forages included,
demonstrating a true associative effect, especially at lower
levels of supplementation (Reid et al 1987). The fact that
in certain cases some linear responses in DMI and DMD are
observed as legume incorporated increases and in other cases
the response is quadratic seems to depend on which legumes
and. grasses are combined. Brandt and Klopfenstein (1986a)
observed linear increases in DMI as alfalfa was added to
non-treated corn cobs and a quadratic response if the corn
cobs were treated with ammonia. Reid et al. (1987) observed
quadratic responses for alfalfa-ryegrass combinations, but
linear responses for alfalfa-orchardgrass, red clover-
orchardgrass, red clover-ryegrass. The DMD might not even
show =same response as DMI (Reid et al 1987). Different
mixtures will have different initial nutrient combinations
and nutrient availability making a comparison based on
grass legume difficult.

Although its magnitude may vary there is no doubt that
a positive intake response is observed when a legume-grass
mixture is fed vs grass alone. The understanding of the
factors responsible for it would certainly help explaining
and even predicting the increase to be expected. Simply
comparing digestion characteristics of legumes (alfalfa and
clover) and grasses or low quality forages (wheat straw and
wheat hay) Egan et al. (1975) demonstrated higher rumen NH,

levels fer legumes as well as grater apparent digesgion of
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(NAN)/OM digested post abomasally, and greater amino acid-N

/OM flowing to the duodenum. All of these observations had
previously been observed when protein supplements were
offered and/ or rates of passage and fiber digestion were
enhanced.

Ndlovu and Buchanan-Smith (1985) feeding bromegrass or
barley straw with or without 30% alfalfa to sheep under pair
feeding conditions observed higher rumen NHj; -N and BC-VFA,
no difference in total VFA nor in the amount rapidly
solubilized DM or NDF when alfalfa was present, rates of
passage of liquid and solid fractions through the rumen were
not altered but in situ rates of DM and NDF disappearance
were(\ increased. These results suggest that rates of
degradation of alfalfa being higher than grass could supply
some amino acids and /or peptides available for deamination
thus the increased NH: and formation of BC-VFA essential
factors for maximum microbial activity. Varga and Prigge
(1982) comparing alfalfa and orchardgrass did not obtain any
difference in total VFA nor passage rates but higher rumen
NHs for alfalfa supporting Ndlo&ﬁland Buchanan-Smith (1985)
regsults, The fact that rates of passage were not altered do
not infer that the total amino acid-N flowing to the
duodenum was not improved. A better N status of the microbes
and potentially host cannot be eliminated. In fact comparing
N status of steers fed legume (clover) or a grass (perennial
ryegrass) Beever et al. (1986) demonstrated an imarovement

in N retention when the animals were fed legumes despite
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greater urinary losses under pair feeding conditions. The
same authors observed higher NAN flow to the duodenum when
clover wés fed vs ryegrass with a higher % NAN reaching the
duodenum from non microbial origin on the clover diet. This
might have resulted from greater amounts of dietary-N
reaching the duodenum when clover was fed. Moseley
(1979) also showed an augmentation of the flow of N when
clover was fed with ryegrass. -

The legume effect could also be related to an increased
disappearance or faster breakdown of feed particles i1n the
rumen. This is supported by a study of Moseley (1979) who
noticed a greater proportion of smaller particles in the
rumen when a legume was added. In a subsequent study Moseley
and Jones (1984) also demonstrated a faster rate of passage
gf large particles when clover was fed. This supports the
suggestion made much earlier that the threshold size at
which particles <can leave the rumen may be altered by
dietary conditions. The authors concluded that the
beneficial effect of clover on DMI was related to improved
rates of passage. However Beever et al (1986) also working
with clover and ryegrass suggested that the beneficial
effect of the legume may relate more to the rate of
digestion as well as greater facility for wundigestible
particles to leave the rumen when originating from clover.
Such a conclusion was based on a faster OM and N
disappearance from nylon bags for clover but no

demonstration of a greater passage out of the rumen of
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undigested potentially digestible particles supporting the
conclusions of Ndlovu and Buchanan-Smith (1985).
Overall when legumes are fed alone or in combination
with a grass: rumen NHs-N, BC-VFA, N flow to the duodenum, N
retention by the animals are increased, rate of passage is
inconsistently affected but disappearance rate is increased,
and total VFA concentration is not altered nor are the molar
proportion of the major ones. The components of the legumes
~ that <cause all these changes that wultimately result in
improved animal performance are not known. Not much work has
been conducted to this point to define the key factors
involved. However, from the review of the effects of

supplementing legumes on rumen parameters altered N

metabolism (higher NH;, BC-VFA, flow of NAN to the duodenum)
of the rumen microorganisms and host seems to be the focal
peint. This is further supported by previously presented
beneficial effects of extra-N supplementation for low
quality forage diets as urea or protein. Although the extra

3
protein supplied by an alfalfa or legume hay may not be the

only factor involved, strong evidence suggests that it plays
’ an important role. Note that higher rumen NH; observed when
legume 1is supplemented could be of benefit to cellulolytic
bacteria which could in turn play a role in the enhanced
. rates of DM disappearance noted without neglecting the
inherent characteristic of the legumes - concentrated non

extensive 1lignification easing in itself the task of the

bacteria. .
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With crude protein as an important factor, it remains
to be determined how it acts and if its effects are related
to ita N supply only and or to its amino acid supply
fulfiling some deficiencies of the microbes and/ or the
host. Alfalfa has been shown to be composed of ruminally
degradable as well as undegradable proteins, 75-80% being
potentially degradable (Merchen and Satter 1983).

Research 1n this area 1s s8till limited. However if
alfalfa protein was acting only via an extra supply of N
then an NPN source could be'used. However work by Brandt et
al (1986b) with alfalfa supplementation of NHs or NAN
treated corn cobs suggested a role for the protein per se

(peptides or amino acids) since greater responses in animal |,

performance were observed when 15-30% alfalfa were
supplemented to a basal ammonia treated corn cobs diet Vs
non treated ones. This study, plus earlier work of Kempton
et al (1979) supports the fact that amino acids supplied to

the animal or to the rumen may result in inc;eased DMI and

animal performance. However more work is needed to clarify
the mode of action of alfalfa-N per se: via extra N as
ammonia only or via peptides or amino acids or, via a

combination of all these.
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III.EFFECT OF FEEDING FREQUENCY, PALATABILITY AND SOURCE OF
N SUPPLEMENTATION ON INTAKE BY SHEEP FED LOW QUALITY GRASS
HAY.

~—

3.0 INTRODUCTION

A maJér advantage of ruminants over other domestic
animals resides in their ability to convert forages into
high quality products for human consumption. Recycling of
by-products as well as maximal utilization of low quality
forages such as cereal straws, corn stover, oat hulls and
grass hays is receiving much attention. However, it has long
been recognized that the major limitation to increased
forage wutilization in ruminant rations is voluntary intake.
Attempts to establish correlation between voluntary intake
and several chemical constituents of the forages (Van Soest
1978, 1977, 1982, Crampton 1957), intake and in vitro
digestibility (Donefer et al 1960, Quicke 1959 Johnson et al
1962, Hershberger 1959) have not always been succesfull. The
establishment of summative equations (Seoane et al 1981,
1982, Van Soest 1967, 1968 as reported by Aerts et al 1977)
or mathematical models (Mértens and Ely 1979, 1982) go
predict DMI of several forages can be useful under very
restricted conditions and for selected é}oups of forages.
The lack of success in developping methods of predicting DMI
under a variety of conditions regardless of the forage
species 1is due to the lack of knowledge of all the factors
controlling DMI of forages.

Trying to elucidate the mechanisms of control

researchers have studied the effects on DMI of varying
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several physical and chemical aspects of forages .
Mechanical treatment as grinding and pelleting before
feeding (Thompson and Beever 1980, Laredo and Minson 1975,
Minson 1967) or treating forages with alkaling solutions
(Nolte et al 1987, Shrikandarajah and Kellaway 1984 ) or
ammoniation of forages (Chestnut et al 1987, Paterson e£ al
1981, Buettner et al 1982, Horton 1978) have all been shown
to improve performance and DMI of animals fed such forages
vs untreated forages.

Aside from changes in DMI, parameters such as rate of
passage through the rumen, rates of particle breakdown, the
optimal size that feed particles must reach to leave the
rumen, rumen NHj;, sites of digestion and flow of NAN to the
duodenum have been shown to be altered. A potential role has
been attributed to these 1in the control of forage intake.

DMI of grass hays and low quality forages can also be
improved by a protein or NPN supplement (Egan 1965, Egan and
Doyle 1985, Redman et al 1980, Kempton et al 1979) DMI
parallelled by increased flow of NAN to the duodenum (Egan
and Doyle 1985) and enhanced microbial activity 'due to
increased NH; availability reflected in higher VFA‘(Kempton
and Leng 1979) have lead to the confounding effect of N per

s preformed amino acid supply. Kempton and Leng (1979},

se
Kempton et al (1979) clearly demonstrated that the DMI of
animals can be improved either by a supply of NHy in the
rumen or by amino acids in the rumen or an increased supply

to the duodenum but that the combination of the latter two

59

S A

]
~{

173;?%35@5




‘E% yields the best results. Thus the ‘N and amino acid status of
the rumen‘microbes are of importance in determ}ninz DMI of
low quality forages.

The positive effects of a legume supplement added to a
basal grass hay or cereal straw diet on DMI and animal
performance are well recognized (Klopfenstein and Owen 1981,
Moseley 1974, Hunt et al 1985, Soofi et al 1982). Changes in
digestive characteristics such as faster rates of passage
apd rates of breakdown (Soofi et al 1982, Moseley 1874),
higher rumen NHs and BC-VFA concentrations (Ndlovu and
Bucha;an—Smith 1985, Varga and Prigge 1982), enhanced NAN
flow to the duodenum (Egan 1975, Beever et al 1986) with no
changes in total VFA (Varga and ‘Prigge 1982) and improved N

‘: retention (Beever et al 1986) have all been noticed. The
cause and effect relationship is difficult to determine.
Compelling evidence from the improvements in DMI observed
when forages are treated with ammonia, doubling their N
content, or when protein supplements are added, plus the
facts that low quality forages are limited in N and that
alfalfa contains some ruminally degradable and undegradable
protein, all suggest that the legume beneficial effect 1is N
mediated by their N content and most likely by their
preformed amino acid supply.

Since no work has been conducted to determine exactly
how 1legume supplementation causes increase in DMI, an

€, elimination process will be adopted and the first step is to

determine if in fact the alfalfa effect is due only to its N
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content or to some other specific protein or amino acid or
mineral effect. ‘
' In addition to trials where aléalf& and timothy were
both offered free choice to sheep the aniqals
consistently chose larger quantities of alfalfa vs timothy
hay s8uggesting a ©potential palatability effect of . the
alfalfa (Baker 1969). -These studies are supported by
observations of oesophageally fistulated .sheep grazing
swards composed of clover and ryggréss in which situation
the proportion of clover ingested was always greater than
the proportion in the sward (Milne et al 1982). Thus, it
could well be that aléalfa incre;sés DMI by improving
palatability of the ration.

" The first experiment to be presentéd was designed to
compare DMI of sheep fed a basal grass h?y diet supplemented
with either NPN or alfalfa at isonitrogeneous (iso-N)
levels, as well as to determine if pala;ability was a'factor
involved iﬂ the DMI of the grass-legumeymixture. Note that
since previous work has ghown khe responses to legume
supplementation at levels of 25% and more (Hunt et al 1985,
Paterson 1985) and not much work has been done\ at lower
levels the proposed work will study effects of supplementing
alfalfa at lower levels ranging from 10% to 25%. Since iso-N
supplement of urea will be used to try to determine if in
fact the alfalfa effect is related only to its‘N éontent low

levels will allow avoiding any risk of ammonia toxicity.

Thus for the first trial a 10% legume 90X grass (as fed)

£
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’ (‘ model will be adopted. A potential benefit of supplying N

: gources to the rumen at several time intervals rather than -

all at once will also ke invesgstigated.
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' 3.1 OBJECTIVES
Experiment I was designed to meet the following four
obJecti;es:
1- to determine- if palatability &is involved in
controlling DMI when alfalfa hay is supplemented’ to
grass hay.
2- to determine if alfalfa and urea have the same

effect on total DMI and grass DMI when added Ro grass

hay in 1is0-N amounts.

3- to determine if both N sources have the same effects )
on rumen digestive characteristics when supp%emented to
grass hay.

4- to determine if different feeding schedules of iso-N
supplements (Once per day vs 4 times a day) would
affect DMI and rumen digestive characteristips
differently. ] 3§>

B
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3.2 MATERIALS AND METHODS

3.2.a Experimental Design

;he experimental desizg\.was a 6 by 6 Latin Square
Design consisting of 6 periods, 6 diets and 6 animals. The
8ix " animals were randomly allocated to the 6 r?tions. Each
experimental period lasted 10 days : 5 days allowed for
adaptatioQ of thetani als to the die% and 5 days for sample

. .
collection and inta¥e measurements.

3.2.b Animals and Housing
Six ruminally cannulafed ‘mature crossbred rams
(averaging 50 kg body weight), were used. The rams were

dewormed 2 weeks before the beginning of the trial wusing
Tramisol at a réte of 0.05 ml per kg of body weight. After
these 2 weeks the animals were weighed agéin, put in
individual metabolic c:ges and allowed 4 days adaptation to
their new environment before the trial started. ) The
temperature of the room was maintained between 18 and 20 C.
Animals were subjected to an artificial lighting program

lights were turned on at 0530 h and off at 1730 h. Each cage
was equipped with a feeder divided in 2 individual
compartments allowing separate but simultaneous feeding of 2
different types of feed. Each cage also had an indi;idual

water supply (plastic bucket) as well as trace mineral salt

block holder. Animals were weighed at the beginning and end
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of the trial. )

3.2.c Diets and feeding schedule

The sheep were fed once daily between 0600 h and 06:30h
and offered one of the following ration:
-Diet 1. A mixture of 10X (as fed) alfalfa hay and 90%
(as fed) timothy hay ad libitum. The two forages were mixed
prior feeding. The total daily quantity to be offered was
calculated to be 10% more then the intake of the previous
day.
-Diet 2. 10X alfalfa hay and 90% timot@y hay, as diet

1, except that each hay was offered separately. The total

amount offered was also calculated based on the intake of"

the previous day.

-Diet 3. 90% timothy hay was offered in the feeder and
a solution of wurea (10% w/v) isonitrogeneous with 10%
alfalfa hay was infused into the rumen via the fistula
immediately after the grass hay was offered. The total of
both feeds was offered ad libitum. (__

-Diet 4. This ration was the same as diet 3 in terms ;2
types and proportions of ingredients included. However, the
total urea soclution to be infused daily was dividea in 4
equal amounts and infused at 4 different times during the
day at 0600, 1290, 1800, 2400h.

-Diet 5. The diet was the same as diet 2 except that

the 10% alfalfa hay was placeh directly in the rumen during

65

FELLOWTRP R WY
A A
RS




the moimir;x feeding .instead of being offered in the feeder.
-Diet 6. This treatment was the same as § im terms of
total amounts offered except that the daily quantity of
alfalfa was divided into 4 equal amounts and placed in the -
rumen at 4 different times during the day at 0600, 1200, -
1800, 2400,
It is important to note that all diets were
isonitrogeneous. Regardless of the diet all forages were
chopped to a length of 2 cm. Water and a trace mineral salt s

4

block were availasble at all times. &

3.2.d Sampling schedule and procedure

Feeds and Refusals

The collection period started on day 6 of the
experimental period and ended on day 10. From day 6 through
day 10 the voluntary intakes of the animals were recorded by

measurin§ feed offered and feed refused on a. daily basis.

Samples of refusals were also collected daily during these 5
days and pooled by diet at the end of the collection period.
Pooled samples of feed and refusals were dried for 48 h in a
forced air oven at 60 C, then stored in plastic bags at room

temperature until further analysis.

Rumen Samples

On the first day of the collection period immediately

<

6‘ prior to feeding,\\\a gample of rumen fluid (150 ml) and rumen

gsolid (100g wet we@ght) were taken. The animals were then

66




- - T ~ Al TR o MR X 4t WAl
- - > ~ o T s Te - N - v * S P TV ANy Tanr e L EE TR
b . vt ¥ o 1 o, : , B \'_ [ R ¥ . [ b N < T o ’ v ums i Mi":‘} R L l’
ey B N 5 - B . i PR |
e \ . 1 B . H W N
¥

’ given a dose of chromic oxide (0.05% of the average daily
| intake recorded during adaptation period) and polyethylene
glycol ( 25g of PEG Sigma Chemical Co MW 3350-4000 in 100 ml
of distilled water as by Clarke et al 1972). These 2 markers
were directly infused in the rumen of the animals via the
fistula five minutes prior feeding. Rumen samples, both
solid and liquid fractions were then collected at 3, 6, 12,
24/, 48 and 72h post-feeding. Note that the 24, 48, 72 h
.samples, corresponding to mornings of day 2, 3, and 4 of

collection, were always taken prior feeding. The whole rumen i

digesta samples were collected in a 1 1 plastic Erlenmeyer
connected to a vacuum pump (Gast Mamufacturing Co Model No: ‘
0211v46N G8CX). The Erlenmeyer and tubing were rinsed with
w water between each sample. After collection the solid and

liquid fractions were separated by filtration through 3

.

layers of cheesecloth. The solid fractions were dried in a
forced air oven 48 hrs at 60 C and stored in plastic bags.

The pH of the liquid fraction was immediately measured

AILLL ek ™ T W G AT,

using an Acumet pH meter after which 50 ml of the sample

e wn o bade 2V

“were transferred to a plastic bottle containing 4 or 5 drops
of concentrated hydrochloric acid ( 37.3% Baker Analyzed
reagent); the other 100 ml were transferred to a bottle
containing 15 ml of a 25% trimetaphosphoric acid solution.

All rumen samples were then stored in a freezer at -20 C.

Blood Samples

o On days 4 and 5 of the collection period 31 ml of blood
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were taken by puncture of the jugular vein, priof feeding

[ 1S 2

(and prior rumen sample collection on-day 4) and at 4 and

h post feeding. " 20 G 1 1/2 inch needles were used. For each
blogp sampling time 21 ml of blood were collected in lithium
heparin coated vacutainers and 10 ml in vacutainer
containing potassium oxalate and sodium fluoride. Whole
blood samples were centrifuged at 2500 r.p.m. at 4 C for 15
minutes immediately after collection using a Sorvall RC-3
refrigerated centrifuge. Plasma was then extracted and

transferred to disposable test tubes and stored at -20 C.

3.2.e Analytical Procedures

Feeds and Refusals

All samples of feeds and refusals were ground through a
lmm screen in a hammer mill. Their absolute dry matter and
ash contents were then determined by drying 1 g of sample in
a vacuum oven (National Appliance Co) at 100 C overnight and
then ignited in a furnace (Thermolyne furnatrol II, Sybron)
for 8 hours at 600 C. The crude proteig'content af the
samples was determined using a Kjel-Foss macroautomatic

analyzer ( Foss electric, Hillerod, Denmark), and acid

detergent fiber (ADF) content obtained according to Van

Soest procedure (1973).

Rumen Samples TS’

1. Solid fraction
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Soli& rumen samples were ground through a lmm screen in
a hemmer mill and analyzed for absolute dry matter with the
same procedure as for feeds. A wet digestion was performed
using 15 ml of n;tric acid and 2 ml of perchloric acid per g
of sample. The dig¢ested samples were then dil;ted with
deionized distilled water 1in a 1:100 ratio. A 1 in 10
dilution was then done using an 8% NH{Cl solution. The
chromium content of these digested and diluted samples were
then determined:'by atomic absorption spectrophotometry using
a Perkin Elmer Model 2380 atomic absorption

spectrophotometer with an air-acetylene flame.

2. liquid fraction

The rumen fluid samples to which hydrochloric acid had
been added were thawed, centrifuged at 20 000 G for 20 min
at 4 C using a Sorvall centrifuge. Subsequently, their
ammonia content was determined using a Fisher acumet pH/ion
meter (model 750) and an Orion ammonia electrode (model 95-
12). ;

Fluid samples to which trimetaphosphoric acid was added
were also thawed and centrifuged and then analyzed for
volatile fatty acids by gas 1iquidq‘chromatography. The
apparatus ugsed was a Hewlett Packard Gas Chromatograph model
5710 A. A glass column was used packed with 20%
neopentylglycolsuccinate (NPGS) and 2% Hj;PO, as liquid
phase on 60/80 chromosorb P. The column was conditioned

overnight before any analysis was done. After samples that

had been collected during one experimental period were
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analyzéd the column was removed and cleaned. External

standards were used in the machine after each 15 analyses.

The septum at the injector port was changed every day
corresponding to about 40 injections. The column temperature
was set at 150 C, detector and injector temperatures at 200
C. Fluid samples were also analyzed for their
polyethylene glycol content following Mallawer et al
procedure (1967).

Blood Samples

Plasma samples containing lithium heparin were thawed
and analyzed for plasma urea nitrogen using a laboratory kit
from Sigma Chemical Cie., kit #535-A, and samples containing
potassium oxalate were analyzed for plasma glucose using a
kit from Sigma (kit # 16-50). For both determinations a
Beckman spectrophotometer ( model 35 ) and 4ml 1cm
lightpath acrylic cuvettes (Sarsted 67-738) were used.

Prior to statistical analysis results of the 2 days

collection were pooled.

3.2.f Statistical analysis

The intake and rate of passage resulgg were analyzed
according to the analysis of variance of Steel and Torrie
(1980) for a Latin Square design. Main effects were sheep,
diet and period. When diet effect was found to be
significant (P<.05), least . square means were generated to
locate differences between® diets. For blood and rumen

parameters the same model was used with the data sorted by
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time of sampling . Time effect and time diet interaction

were also tested.
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3.3 RESULTS

3.3.a Forage composition

The composition of the grass and alfalfa hays are
presented in “Table 1. The grass hay had slightly higher DM
and ADF content but lower CP then the alfalfa hay. The low
content of ADF-N in both forages indicated that neither hay
had been subjected to signif}cant heat damage (Goering et al
1972). Alfalfa had higher ash than timothy hay and thus

lower OM.

3.3.b Dry matter‘intakes

Daily DMI was obtained by averaging the intakes for
each sheep for the 5 days of the collection period and
expressed as daily DMI as g day-! then corrected for body
weight (kg) and metabolic body weights (W-78). Table 2
presents ‘the least square means (LS-means) generated to
compare the diets.

DMI expressed in g consumed per day was 13% lower
(P<.065) for diets 3 and 4 (urea suﬁplement ) compared with
diets 1 and 2 when alfalfa was offered to the sheep. The
difference ?id not, however, reach statistical significance.
The effect of diet became significant when DMI was corrected
for kg of body weight (P<.025) or by metabolic body. weight .l

The DMI was not affected by the method of alfalfa
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TABLE 1 COMPOSITION OF THE TIMOTHY AND ALFALFA HAYS?

(Bxp.I)
Timothy hay . Alfalfa hay
(Phleum pratense) (Medicago sativa)
Dry matter (%) 94.47 91.87
Crude protein (%) 9.26 13.80
Ash (%) 6.64 7.73
Acid Detergent
Fiber (ADF %) 46. 44 46.32
ADF-Nitrogen .65 .74
Digestible
energy Mcal/kg? 2.65 2.34

1 All values except dry matter are presented on a
dry matter basis.

2From NRC (1985).
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TABLE 2 Least squaps means of average total daily dry matter
intakes (TDMI) expressed as g, g kg-! body weight (g kg-! BW
g kg-* of metabolic body weight (g kg-1? W-78), (Exp.1)

TDMI

Diets! £ g kg-! BW g kt.1 w18

1 1571.4 29.80 79.9s

2 1589.0 29.8s 80.1»

3 1378.9 25.98 69.60

4 1359.8 25.9¢0 69.5b

5 1475.3 28,320 75.8ab

6 1500.0 28 .50 80.7»

SE? 60.20 0.97 3.27

1 Diet 1= 10% alfalfa (A) 90% timothy (T) mixed; 2=10% A 90% T
non- mixed; 3= 90% T, wurea isonitrogeneous to 10% A
infused in the morning; 4= same as 3 except that urea was
divided in four isovolumetric portions and infused four times
a day; 5= 10% A placed in the rumen in the rumen 90% T; 6=
same as 5 except that the alfalfa was divided in four
equal portions placed in the rumen four times a day.

2 Standard error of the mean.

ab Means in a column with different superscripts differ (P<.05).
£ - ,
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feeding (per o8 or directly in the rumen) since no
significant difference was obse;ved between diets 1 and 6
nor 2 and 5. The feeding schedule of the N supplement (the
daily allowance being given all at once in the - morning . in
diets 2, 3 and 5 or, in subportions through the day in diets

1

+» 4 and 6) did not affect DMI regardless of the units of
expression. Note 1in the case of diet 1, the lalfalfa -was
mixed with the grass hay prior feeding and assuming that the
sheep consumed several meals through the day the final
alfalfa entry through the rumen should have related closely
to the 4 times a day feeding as for diet 6.

DMI of diets 5 and 6 were not significantly different
from the OMI of the urea supplemented diets when expressed

in g day-! or g kg-'. However when DMl was corrected for

metabolic body weight the DMI of diet 6 was significantly

1égeater than both urea-containing diets. Placing the daily’

allowance of alfalfa in the rumen during the morning feeding
(diet 5), did not result in different DMI kg-1W- 78 compared

to the urea containing.diets,

Regarding grass DMI, diet had no significant effect on

b

timothy hay DMI as can be seen from Table 3.

3.3.c Crude protein intakes (CPI) ‘\\,

| -

&

The CPI were calculated similarly as DMI and LS means
were generated to compare the diets ( table 4) and expressed

L
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TABLE 3 Least square means of average daily timothy DMI expressed as.
g, g8 kg-! of body weight (g kg-! BW) and g€ k-1 of metabolic’
body weight (g kg-! W-75), (Exp. I).

Grass DM}
Direts! £ g kg-1 BW £ kg-t W-18
1 « 1339.45 25.28 67.90
2 1437.40 26.96 72.52
3 1370.47 25.74 69.21
4 1351.98 . 25.77 69.06
5 . 1385.02 26.58 71.08
6 1379 33 25.985 £9.64
SE? 57 .04 0.90 2.54

! Diet 1= 10% alfalfa (A) 90% timothy (T) mixed; 2=10% A 90% T
non- mixed; 3= 90% T, urea isonitrogeneous to 10% A
infused in the mporning; 4= same as 3 except that urea was
divided in four isovolumetric portions and infused four.times
a day; 5= 10% A placed 1n the rumen in the rumen 90% T; 6=
same as 5 except that the alfalfa was divided in four -
equal portions placed in the rumen four times a day.

? Standard errors of the means.

b

- A
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TABLE 14 Least square means of average crude protein intakes

(CPI) expressed as B, g kg! body weight (g kg-1 BW)
g kg-! metabolic body weight (g kg-1! W-78), (Bxp.I).

CPI
Diets-1 g g kg-1 BW g kg-! W s
1 161. 30 3,04 8.16
2 160.03 2.95 " 7.98
3 150.57 2.81 7.57
4 153.06 2.94 7.87
5 151.75 2.92 7.81
6 147.99 2.91 7.58
SE 2 7.84 0.14 0.36

1 Diet 1= 10X alfalfa (A) 90% timothy (T) mixed; 2=10% A 90% T
non- mixed; 3= 90% T, urea isonitrogeneous to 10% A
infused in the morning; 4= same as 3 except that urea was
divided in four isovolumetric portions and infused four times
a day; 5= 10% A placed in the rumen in the rumen 90% T; 6=
same a8 5 except that the alfalfa was divided in four
equal portions placed i1n the rumen four times a day.

7
2 gtandard errors ef the means.
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as‘:verage daily CPI in g, g kg-! and g kg-1W- 78, Regardless
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of the units no difference was observed between ditts with
animals consuming an average of 7.83g CP. kg i1W- 73 or 2.93g
kg-1* day-?.

]

3.3.d Acid detergent fiber intakes (ADFI) and estimated
digestible energy intakes (DEI)

L/-t"'.‘\
N

The ADFI were <calculated according to the same
mathematical steps as cP! or DMI. The LS means generated are
presented in Table 5. Feedihg alfalfa per os or via the
fistula did not saignificantly affect ADFI regardless of the
units of expression as can be seen by comparing diets 1, 2,
5 and 6. The feeding schedule of N supplement as once daily
or 4 times daily also did not result in difference in ADFI™
as can be seen by comparing ADFI for diet 1 vgs 2, 3 vs 4, 5
vs 6. Comparing the results obtaineg)when urea supplements
were given vs alfalfa supplements, results demonstrated that
as for DMI, ADFI were significantly lower, ( 16.29 % and
18.73%) if expressed in g kg-! or g kg-1W-75 for the wurea
containing diets vs the alfalfa containing diets. There were
no difference, however, in ADFI g kg-1W:-75 between diets
containing urea or diets where the alfalfa supplements were
placed in the rumen (P>.05).

Diet had no significantr€¥¥éct on estimated DEI (Table
6).

3.3.e Rumen parameters .~

78

s
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TABLE § Least gquare means of the average daily acid detergent
fiber intakes (ADF1) expressed .as g, g kg~! body weight

(g kg-* BW) and g kg-!* metabolic weight (g kg-3 Ww.78)

)Exp.l).
e 3
ADFI

Diets! I3 g kg-t! g kg-! W78
1. 759,79+ 14.44» 38.732
2 719.29%c¢ 13.67» 39.10°
3 631.80b¢ 11.89b¢ 31.950
4 617.94°% . 11.65b 31,310
5 702.%j}bc " 13.328¢ 35.74ub
6 ’ 699.08abc 13,228¢ 35.482b
00 SV SRS
SE? 31.22 0.52 1.85"

1 Diet 1= 10% alfalfa (A) 90% timothy {T) mixed; 2=10% A 90X T
non- mixed; 3= 90% T, urea isonitrogeneous to 10% A
infused in the morning; 4= same as 3 except that urea was
divided in four isovolumetric portions and infused four times
a day; 5= 10% A placed in the rumen in the rumen 90% T; 6=
same as b5 except that the alfalfa was divided in four
equal portions placed in the rumen four times a day.

A

? Standard errors of the means.

abc Means in a column with similar superscripts are not

. gsignificantly different P>.05.

n
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TABLE 6 Least square means of the estimatedraveraze .daiiy
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n

digestible energy intake (DEI) expressed as Mcal, -
Mcal kg-! body weight (Moal kg-! BW) :and Mcal kg-t
metabolic body weight (g kg-* W-78),

-

(Exp.1). .
\ DEI

Diets! Meal Moal kg-! . Moal kg-1 W78
1 3.85 0.072 0.194

2 - 4.10 0.077 0.207

3 3.80 0.072 0.193

4 3.58 0.068 0.183

5 4.01 0.077 0.206

6 3.9 0.074 0.199

sex 0171 0.028 0.008

1

Diet 1= 10% alfalfa (A) 90% timobthy (T) mixed; 2=10% A 90% T
non- mixed; 3= 90% T, wurea isonitrogeneous to 10% A
infused in the morning; 4= same as 3 except that urea was
divided in four isovolumetric portions and infused four times
a day; 5= 10% A placed in the rumen in the rumen 90% T; 6=
same as 5 except that the alfalfa was divided in four
equal portions placed in the rumen four times a day.

Standard errors of the means.
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(3 * Rumen VFA concentr'ation
e The total ooncegtration of VFA (mmol/l) wafs obptained by
c adding the coﬁcentrétfons of the measurgd' individual VFA
_G‘v ‘ (aceﬁic. ppppionic. i‘tyric, isobutyric, valeric and
, . isovaleric). Subséduently, the molar proportions of the
acids were calculated and expressed as a percentage of total

. VFA concentration. The acetic to propionic ratio (A/P) was

- also computed. All these calculations were performed for
RS . g
individual samples and the means per time of collection and

P

f

diet were calculated and LS means generated to compare

1

diets. Rqsults are shown in Tables 7 to 10 . No significant

effect of diet was observed at any time in terms of total

n

VFA concentration or molar proportions. For none of the VFA

( was there a significant time diet interaction, however,

~

significant time effects dbqg observed ‘(Appendix A).

Rumen pH
. LS means generated to compare diets are pnésegted in
) Table ‘11 . No sifnificant diffé;ence in terms of rumen pH
was observed'between diets at any time pre or post feeding.
, As for VFA no diet time interaction wdgs noted but the effect
of time was significant (P<.0001) (Appendix A). Rumen pH was
lower at any time post-feeding vs prefeeding .v-:%
Rumen ammonia
The effect of di;t on rumen ammonia was significant at
; Q ' all times studied. the LS means generated are p.resented in

81
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TABLE -7 Least square means of the total volatile fatty acid -

d ) ) concentration (mmol L-!),molar proportion(%) of acetic, N
propionic, butyrio, isobutyric, valeric and isovaleric
acids, and ac#tic/propionic ratio(A/P) prefeeding.

' (Exp.1)
w <
) % Diets!

1 2 3 4 5 6 SEt -
Total 90.93 91.02 85.54 97.39 87.24 93.83 2.98‘
Acetic 70.84 70.69 71.81 71.55 71.60 72.88 0.89
Propionic 18.88 . 19.08 18.38 18.57 18.53 17.34 0.52
A/P 3.78 3.74 3.93 3.92 3.93 4,23 0.16
Isobutyric 0.83 1.03 D.75 0.71 0.80 0.73 0.13
Butyric 8.04 7.79 7.68 7.86 7.75 7.73 0.30

4 ¥ » . 2
§E Isovaleric 0.97 0.96 0.91 0.84 0.91 0.85 " 0.08
Valﬁrlc 0.50 0.47 0.46 0.46 0.51 0.47 0.03

\1 Diet 1z 10% alfalfa (A) 90% timothy (T) mixed; 2=10% A 90% T
non- mixed; 3= 90% T, urea 1isonitrogeneous to 10% % . '
infused in the morning; 4= same as 3 except that urea was
divided in four isovolumetric portions and infused four times .
a day; 5= 10% A placed in the rumen in the rumen 90% T; 6=
same a8 5 except that the alfalfa was divided in four
equal portions placed in the rumen four times a day. g

2 Standard errors of the means.
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TABLE 8 Least square means of the %otal volatile fatty acid .
) concentration (mmol L-1),molar proportion(%X) of acetio,
propionic, butyric, isobutyric, valeric and isovaleric
acids, and acetic/propioniqkrat1o (A/P) three houra,post
feeding. (Exp.I).

g r
Diets!? .

F 2 3 a4 5 6 . sE?

___________________________ e e
Total B4.5  91.84  83.56  87.19 91.81 87.02  8.31
Acetic 68.90  69.69  69.25  68.37 69.03  69.55  0.87
Propionic  19.72  19.34  20.08  20.47- 19.83  19.16  0.53
A/P . 3,57 3.62 3.50  3.40  3.52 3.64  0.12
Isobityric  0.68 0.67 0.70 0.70  0.68 0.73  0.03
Butyric 9.36 8.96 4 8.63 9.17  9.07 9.16  0.47
Isovaleric 0.68 0.65 0.71 0.71 0.70 0.7é_ 0.05
valeric 0.67 0.69 0.61 0.58  0.68 0.64 " 0.03

! Diet 1= 10% alfalfa (A) 90% timothy (T) mixed; 2=10% A 80X T
non- mixed; 3= 90% T, wurea isonitrogeneous to 10%_ A
infused in the morning; .4= same as 3 except that urea was
divided in four isovolumetric portions and infused four times
a day; 5= 10% A placed in_ the rumen in the rumen 90% T;. 6=
same as 5 except that the alfalfa was¢ divided in four_
equal portions placed in the rumen four times a day.

4 o

2Stan&ard errors of the means.
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TABLE -9 Least squdre means of the total volatile fatty acid
concentration (mmol L-!),moqar proportion(%X).of acetic,
. propionic, butyric, 1isob tgﬁgp, valeric and isovaleric
acids, and acgtic/propionic ratio (A/P) s8ix -hours post
feeding. (Exp.I). '

. y
. S
Diets}, 4
P s 4 s & sm

Total . 89.91 88.31  84.66  81.89 86.78 - 83.04  4.06
Acetic 70.06 69.43  70.32  68.19 68.95  69.12  0.70

Propionic  19.09 19. 14 19.02  20.58 19.96  19.53*  0.50
7, A/P 3.73 - 3.74 3.76 3.39  3.54 3.62 0.1
Isobutyric 0.66 . 0.57 0.56 0.62  0.60 0.61  0.07

Butyric 9.16 9.78  9.06 9.47  9.37 9.53  0.35
& Isovaleric 0.48 0.48 0.50 0.58 0.54 0.65 f{0.0B
Valeric 0.55 0.60 0.53 0.56  0.57 0.55 o.oa?
e e e S e ;
1"Diet 1= 10% alfalfa (A) 90% timothy (T) mixed; 2210% A 90% T :

non—- mixed; 3= 90% T, urea isoniirogeneous to 10% A
infused in the morning; 4= same as 3 except that Jrea was
divided in four ‘Ysovolumetric portions and infused four time

a day; 5= 10% A placed in the rumen in the rumen 90% T; 6= %\\
same a8 b5 except that the alfalfa was divided in four AN
equal portions placed in the rumen (four times a day.

e

vt

2 $tdandard errors of the means.
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concentration (mmol L-1),molar proportion(%) of acetic,

\\ .; ‘ - - 1 '
TA‘ 10 Leasgt square means. of the total volatile fatty acid
.propionic, butyric, isobutyric, valeric and isovaleric

acids, and acetic/propionic ratio (A/P) twelve Kours post

; feedihg. (EBxp.I). .

- Dieté!
D T s 4 s “§
T 3
Total  83.09 93.72 87.35 83.45 88.42 92.89
Acetic 69.87  69.49  69.54  69.26 69.85  72.37
Propionic  19.37 20.03  19.96 20.48 19.63 17.87
A/P 3.5678  3.49 °  3.52 3.41  3.62 4.09
Isobutyric 0.42 0.45 ~ 0.43 1 0.50 0.46 0.51
Butyric 9.05  9.18 9.15 8.93 9.13 8.33
Isovaleric 0.;0 0,32 0.40 0.34 0.40 0.43

" Valeric 0.53 0.54 0.52 0.49 0.52 0.50

1piet 1= 10% alfalfa (A) 90% timothy (T) mixed; 2=10% A 90% T
non- mixed; 3= 90% T, urea isonjtrogeneous to 10% A
infused in the morning; 4= same as ‘3 except that urea was

divided in four isovolumetric portions and infused four times

a day; 5= 10X A placéd in the rumen in-the rumen 90X T; 65
same as -5 except that the alfalfa was divided in four

equal portions placed in the rumen four times a day.
e a

23tandard errors-of the means.
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TABLE 11 Least square means of the average rumen ammonia (mg dL-!)
. and rumen. pl{ at. different times post feeding.(Bxp.I)

)
.

Prefeeding éalues
» _ Diets T SE*
N T e ——————————— e ot o e e ot e ————————
| 2 3 4 5 6
Ammonia 9.66*>  8.37°  9.63>  11.22° 8.07*-  9.302% 0,69
pH 6.50 6.51 b.46 6.43  6.53 6.45  0.05
- Y
Three hours post feeding . -
Diets - M SES®
______________ e o e e o . T - v ———— i ——— o - — ——— A" =
: 1 2 3 4 5 6
Ammonia 10.46»  11.62%  21.55b 12.77%  11.54» 12.70*  1.32
pH 6.38 6.38 6.48 6.39 6.40 6.43 0.07
i
Six hours 'post feeding
[
Diets SE*
, 1 2 3 4 5 8
Ammonia 7.308 8,032 13.09® 9,24 8.43e 7.87» 1.0
_PH 6.23 6.26 . 6.36 6.33 6.28 6.38 0.08
I o ; Twelve hours post feeding )
' v ' v Diets . . SE=
’ 1 2 3 4 5 6
I :
Ammonia 5.46ac 4,58 8.34b 7.73bc 4,93 6.43s% 0.9
S 6.06 5.96 6.08 6.14 6.04 6.09 0.0

*%c Means of a line havdng different superscripts differ P<.05
. . P




Table 11 , .Prqfeediné, no eitferenoe in rumen ammonia® was -
. , |

obgserved due to the feeding schedule of the N supplement as

seen comparing diets 1 ys 2, 3yvs 4 and 5 ys 6. No

difference was caused by per o8 vs directly in the rumen

~method of feeding of the alfalfa supplement. Diet 4, for

t

which urea was infused 4 times a day, resulted in " higher
rumen ammonia vg diets 2 and 5, for which alfalfa was given

once a day in the morning. No difference, however, was

y-]
obtained between 4 times a day alfalfa feeding vs 4 times a
day urea infusion. .

A}

'3.3.f Blood parameters

Plasma urea nitrogen (PUN)
‘LS means generated to compare differences between diets
are in Table 12 . At all times diet had a . significant effect

on PUN, Prefeeding PUN was higher for diet 4 where urea was

(infused 4 times a day compared to all other diets, No

difference was observed between any other diet. At 4 h post
feeding, both diets containing urea resulted in greater PUN
compar;d to all other diets. PUN for urea diets were similar

]
and averaged 13.9 mg dl-t* and PUN*for all other diets —were

also similar averaging 9.62 mg dl=*. No effect of method of
3 -

feeding per o8 or in the rumen nor feeding schedule of the N

supplement was noted comparing-diets 1 v8 2, 3 v8 4 and 5 vs
N .
ed diets caused a

2

greater PUN compared to all the other fdiets with , ., €he once

6. At 8 h post feeding, urea supplement

-

(r'ﬁ




TABLE 12 Least Square means of the average plasma -urea N° (PUN)
N (mg dL-1) and plasma glucose (mg ml-!) at different times
post feeding. (Exp 1). .

Prefeeding
- Diets
E 2 3 4 5 6 sEE -
PUN \\\ 8.30* 7.89»* 8.61a 11.12”\ 8&61' 7.54» 0.55
Glucose 76.59 - B80.46 78.53 77.25 77.52 76.51 2.00

Four hours post feeding

Diets
P 2 3 $ s 6 , ser
@I& '~ PUN 10.26*  9.552 ° 14.47%  13,35%  9.87s 8.81s 0.67
? Glucose 71.67  78.42  T7.50 77,20 73.51 75.33 ' 2.38

L 32

Eight hours post feeding

. o Diets
’ 1 2 3 4 5 6 SE®-
' PUN ~ 9.06*  8,86°  14.23> 11.93c¢ 9.13*  8.18% 0,55
Glucose 80.00  77.92  76.18  75.75, 78.87  2.07  2.07
ik . - / " ‘\\
's:gtandard errors of the means. ) .
~ sbc Means in one line with different letter P<.05. A

\nl
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a day infusion having the greater,galue. Note that at .8h post

feedin;, also meant 2 hrs after the second urea infusion or

alfalfa introduction in the rumen. For the alfalf diets,

however, no effect of feeding schedule of the N ai;%lement

was noticed. The route of‘ feeding effect was also nil.
Plasma glucose

LS means computed to compare diets are in Table 12 . No

effect of diet on plasma glucose at any time was noted.c'

3.3.28 Rate of passage of the sgsolid fraction

The rate of passage or rate of outflow from the rumen
of the solid fraction was obtained from the regression of
the natural 1log values of the decreasing éoncentration of
chromium (Cr) in the rumen solid samples vs trime (Aitchison
et al 1986). Note that data for one sheep‘on diet 1 was
eliminated from the AOV sgince a very poor regression
coefficient was qbtained. Average R?e for all other
regressions was .92. The concentrations of Cr preinfusion as
well as 72 h later were nil meaning that within the 5§
collection period essentially all the marker had lefit the
rumen eliminating the need for correction because of
residual Cr from the previous period infusion. The effect of
diet on rate of passage was significant and LS mean; are in
Table 13.

.

For the alfalfa diets, the feeding schedule affected

*

rate of passage, being sf?hificantly greater for diets 5 vs
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o h TABLE 13 Least square means of the average rates of passage out -
of the rumen of the solid fraction. (Exp.1). .
>
L}
Diets
1 2 3 4 5 6

% per . )

hour 4.362 3.37® 3.78¢ 3.92¢c 3.90¢ 3.260

SE* . 082 .072 .082 072 .072 .072

* Standard errors of the means.

sbec figures with different superscripts differ P<.05.
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6 and 1 g8 2. Thus when the alfalfa was fed in diets 1 and

N
2, mixing it with the grass and allowing intake throughout

the day resulted in higher rate of passage-vs feeding the
supplement once in the éorning. However, when alfalfa was
placed directly in the rumen the rate of passage was
increased by a once a day allowance vs 4 times a day. The
rate of passage of diet 2 was significantly lower than the
rate of passage for diet 5 but similar to the rate of diet
6. No effect of feeding schedule of the urea supplement was
obtained.” Rates,Z of passage for diets 3 and 4 were similar.
The latter were different but intermediate , to ra£es of
passaée obtained when alfalfa was fed mixed with the grass
or once in the morning. Urea containing diets resulted in
rates of passage greater than diet 6 where alfalfa was
placed 4 times a day in the rumen, but, similar to rate
obtained for diet 5.

The concentragiop of Cr at time 0 was obtained from the
Yy intercept of the regression line; the initial dose given
divided by the Cr concentration at time O allowed the
determinatiop of the rumen pool ;ize. The effect of diet was

significant and LS means are presented in Tablel4. The

feeding schedule had no effect for diets 1 and 2 gﬁt did for

!

diets”" 3, 4, 5 and 6. Rumen pool séze was sgreater when urea

was infused once a day vs 4 times a day, or when alfalfa was
placed in the rumen 4 times a day vs once. Once daily
alfalfa feeding resultéd in similar pool size across method

of feeding. The 4 times a day alfalfa introduction in the
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TABLE 14 Least square means of the estimated average rumen R
pool size. (Expl). ’
V.
Pad o o
Diets
—————————————————————————————————————————————— - W - - - —
1 2 3 4 5 6 SE*

Pool size : .

kg 3.632 3.58a 3.49» 3.030b 3.65» 4,22¢c 0.11
s 8tandard error of the mean.
abc Fjgures with different letter differ P<.05
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o

" rumen resulted in the greatest pool sige vs ail other diets

andykge 4 times a day urea infusion the lowest. ’

3.3.h Rate of passage of the liquid fraction )

Results obtain;d gave concentrations of thG
consistentlyj/lower than those obtained by Froestschel et al
(}987) ‘ery over 3 times the amount infused and thus
extrapolatiﬁg the data to calculate rumen volume figures in
the 30 L range were obtained. In addition, at several
occasions increasing concentrations of PEG were measured.
Because of these reasons the results obtained for this
analysis will not be presented. Several explanativons can be
proposed for the difficulties encountered :

- non adequate mixing of the marker with rumen fluid at
the time of infusion.

-~ unadequate samél? handling.

- matker moving with the solid fraction and not only
with the liquid as suggested by Neudoerffer et al (1973) and

-

McRae (1974).

AN
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3.4 DISCUSSION

3.4.a Forage Composition

{
The DM and CP content of timothy and alfalfa hays

(Table 1) were similar to values reported in NRC (1985) feed
composition tables for suncured midbloom timothy hay and
suncured full bloom alfalfa hay with DM figures being
slightly greater. The CP content of the alfalfa hay was
lower than in most of the studies thus far presented, among
which, those of Ndlovu and Buchanan-Smith (1985) and Brandt
and Klopfenstein (1986a) probably because of a later stage
of maturity. The ADF content of the alfalfa and timothy hays
were similar to the values obtained by Baker (1969) r;nging
from 43.8% to 45.2% of DM for alfalfa and 44-47.6% for
}imothy. The ADF of alfalfa was also close to the 43% figure
reported by Brandt and Klopfenstein (1986a). The ADF content
of the alfalfa hay was elevated compared to earlier cut
alfalfa hay having higher CP content as reported by Reéves
(1985) at 39.2% ADF, Soofi et al (1982) at 35.4% and Hunt et
al (1985) at 34,3%. Similarly, the ADF content offi the
timothy hay wused in this trial was higher than several
reported ‘?lues of other low quality forages such as corn
cobs (46.6% ADF) (Brandt and Kldﬁfenstein 1986a), tall
fescus (48.4% ADF) (Hunt et al 1985).

Alfalfa %OM was similar to previously reported figures
of 92.7; OM (Hunt et al 1985), and 91.7% (Socofi et al 1982).

In general,@ the range of DMI in terms of g kg-! or g

1

(: > 94
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‘s D
kg-1W. 7% observed in this trial of 25.9 to 29.8 and 69.5 to
80.7 are in the same range than figures reported by Seoane
et ai. (1981) for timothy and gifalfa fed alone, by
Cruickshank et al (1985) for ryegrass and prairie grass, by
Corbett and Pickering (1979) for alfalfa and by Reid et al.
(1987) for alfalfa and ryegrass. The DMI can thus be
considered normal for sheep consuming these forages but are

greater than figures reported for intakes of other 1low

quality forages such as cereal straws (Horton 1978) and tall

fescue (Buettner 1982).

.

ADF intakes' (ADFI) were affected by diet and the
differences observed reflected the differences obtained in
DMI. Values for ADFI obtained in this +trial are also
copparable with intakes of cell walls observed by Seoane et
al (1981) for sheep fed alfalfa or timothy. Our ADFI was
slightly lower because ADF does not include hemicellulose
The lack of difference in CPI indicates that all animals

consumed similar quantities confirming that all diets were

iBO"N .

3.4.b Palatability

! 1

The lack of difference in DMI between the éﬁthods of

feeding of alfalfa (per os vs placed directly in the rumen) -

indicates that palatability was not a factor in determﬁ%inz
DMI kg-! when a mixture of alfalfa and timothy was fed.

I3

These results might appear to conflict with those obtained
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“previdusly from conventiondl palatability tr;als (Baker

1969) or tfrom choice of animals under grazing situations

e (Milne et al 1982). However, it must be recognized that in
the present +trial the alfalfa Ray timothy hay mixture or
o combination was offered ad libitum , not the alfalfa only.
. Thus, in order for the animals to be offered more alfalfa
they also had to consume more qf the suggested less
palatable timothy hay. At this level of supplementation the
better palatability of the alfalfa hay was not enough to

cause improved total DMI (TDMI) by the sheep. Palatability
trials where both feeds are offered ad libitum and free
choice undoubtedly demonstrated that sheep selected more
Q&falfa when fed fresh o} dried, early ortfull bloom (Baker

1969); heifers also opted for alfalfa vs timothy (Pratt et

al 1950 as reported by Baker 1869). Such palatability trials

do not demonstrate, however, that only gustgtive factoqg are
involved in causing hig?er DMI of alfalfa vs timothy; \§§e
animals might be responding to some - other physiological
signals resultfng from the ingestion of these forages. This
is 'supported by the fact that although offered alfalfa free
choice (Baker 1969) or clover free choice (Milne et al 1982)
the animals still consumed in allvggsgs some smaller amounts

of the grass forage. The results of the present trial also

supported the involvement of signals other than purely

"gustative " at this level of supplementation since for a
' ’ @ i
‘j’ given amou?t of alfalfa sheep consumed similar quantities of ,
%

timothy hay even when the animals were not allowed to chew

»
N
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the alfalfa. This is in agreement with results of Weston
{1966) who noted a reduction in oral intake of DM Yhen feed
was fed intrazastrically. The magnitude of thé reduction
corresponded ! to the amount of food introduced
intragastrically. _

The 1lack of effect of method of alfalfa feeaing also
demonstrated that when alfalfa constituted 10%(as fed) of
the diet its mastication and thus initial particle breakdown
was not a limiting factor for TDMI. As mentioned before the
animals have four inherent mechanisms to physically reduce
particle size of forages ingested: mastication, rumination,
microbial fermentation and rumen contractions (Kerley et al
1985). 1In the present experiment the %irst step mastication
and ensalivation was by-pasééd but might have been
compensated by the 3 other ones.This cannot, however, be
directly demonstrated fgom the present results since time
spent eating, ruminating, degree of rumeh contractions and
particl;v\sizes in the rumen were not monitored. The
gimilarity in rumen fermentation parameters would tend to
eliminate mastication as an important factor. There were no
differences between diets 1, 2, 5 and 6 in VFA concentration
nor molar proportion, nor rumen pH and NH; at any time posf
feeding, nor was there any signif?cant interaction of diet
and time post feeding for VFA';rofiles nor pH. From the
gimilarity in rumen fermentation characteristics and the

lack of . difference in TDMI it can be concluded that the

mastication of the a%faLfa was not an important factor in .
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the control of intake not eliminating potential eéfeots 'on
the kinetic; of ruminal fermentation and subsequent nutrient.
flow to the' duodenum.

In fact, the rates of passage of the solid fraction out
of the rumen were found to be lower when alfalfa was
introduced directly in the rumen vs when it was fed mixed
with the timothy hay. ' .- \

A slower rate of passagé,of non-masticated feed is also |
suggested by results of Bailey and Balch (1961) who found
that feeding 6.4 kg day-! of a similar ration to cows via a
figtula or by mouth resulted in dreater dry matter
accumulation in the rumen postfeeding thus slower rates of
passage. Reduced rates of Bdésage parallelled by larger
rumen pool size ( ‘giet’S) at least did not/ cause any
reduction in TDMI. This certainly casts doubt on the
previously mentioned concept of rumen distension and even
reticulorumen distension pla&ing an important role in the
feed intake control of forages by ruﬁinant.~ Eventhough

)

Grovum (1987) suggested that distension threshold poin®s

causing a reduction in intake may vary’ among diets, it is
not 1likely to be the case here since diet compositions were
identical.

Railey (1962) incubated swallowed and unswallowed dried
grass thus masticated vs non masticated dried grass in’nylon
bags suspended in the rumen of steers and observed faster
rates of fiber digestion between the fourth and fifteenth

O

hours, and of protein, DM, and ash during the first hour of

-— A 98 “ 1
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incubation for the swallo‘;ed dr:l'ed. grags. The autﬁor thusg
emphasized the importance of crushing and ensalivation in
egards of rgfe of degradation in the rumen. A alg;er rate

&fj degradation when alfalfa was introduced in the rumen
instead of being ingested by mouth might thus be the cause

of the reduced rate of passage observed since it has been

demonstrated that parficles must reach a specifiq size N

before being able to leave the rumen (Reid et al 1977, Smith

et al 1967). In certaih instances, however, no link has been

E found between‘ﬁfates of degradation and rates of passage

| (Ndlovu and Buchanan-Smith 1985); the r?duced! rate of

degradation could in turn be explained E? "gmaller surface
g .

; area exposed to the rumen microbes, which is thought to be

1 c an important factor determining microbial attachment. and

g i v

; ease of fermentation of feed particles (Thomson and Beever —

198gi Jastpr and Murphy 1983, Kerley et al 1985). From the

E . lack of difference in TDMI, ADFI as well as digestibilities
I can conclude that the rate of partﬁglé breakdown was not
affected by fistula feeding due to the small amWiven.

! or, that rate of breakdown was affected but was not critiqal
for a 10X alfalfa 90% timothy mixture.

\
The possibility of particles being reduced to sizes too

small or of non-optimal specific gravity (a factor also
i suggested to be important in determining rate of passage
(Ehle 1984, Welch 1986)) due to more time spent ruminating
over compensating for the lack of mastication when the feed

@ was introduced directly in the rumen. No definite conclusion

N
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can "be drawn from the parameters monitored .ag to what

caused the lower rates of passage ﬁhen the alfalfa hay was

placed in the rumen instead of being fed. Some authors
have suggested that high rumen ammonia could reduce saliva
flow (Olfjen et al 1969) and the activity of the rumen wall
(Bueno et al 1977) which wo;ld in turn cause é decrease in
rumen turnover rate (Nikolic et al 1980). )waever, ihis
possibility must also be eliminag$d in the attempt to
explain the lower passage rates for diets 5 and 6 vs 1 since
no difference in rumen ammonia was observed at none of the
sampling time. " )
Although differences in rates of outflow of feed
particles fyom the rumen were noticed among diets, the range
of values obtained are similar to figures reported for
broqurass and barley straw with or without 30X alfalfa

\
(Ndlovu and Buchanan-Smith 1985). The latter authors

" obtained rates of passage varying from 2.54% h-! for ©barley

straw without alfa to 3.07% h-! for bromegrass without

alfalfa. The tendency for the rates of passage of the
present trial to be slightly greater may relate to
differences-in initial composition of the ration. Hunt e% al
(1985) working with tall fescue alfalfa comb%nationse'
ﬁobtained rates of disappearance of DM varying between 3.6%
and 5.1%¥ h-! depending on :he percentage of alfalfa
included. Aitchison et al. (1986) reported figures of
&

2.98% to 3.32X h-! for ryegrass at different stages of

A
maturity. Krysl et al. (1987) reported particulate matter

100 t, q
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. pagsage rate of 3.72% h-? when ewes were fed prai;ie,hay.

Y

For these 4 diets rumen total VFA ’concentration
averaged 90.56mmol L-! prefeeding, 88.82{Qm01 L-! 3h post
feeding, 87.0i mmol L-! 6 post feeding and, 89.53 mmol L-!
at 12 h post .feeding with percentake ;cetic between 68.7 and
72.4, percenfage propionic between_ 17.3 and 20.0, and
percentage butyric between 7.7 and 9.8 with .no differende
between diets. These concentrations are similar to figures
reported by ﬁdlovu and Buchanan-Smitg (1985) who fed
;iomegrass with or without 30% alfalfa to sheep at
restricted iﬂtakes, however, they observed an ‘average VFA
voncentration of 92.66 and 103.58 mmol L-!. Beever et al
{1986) repo}ted VFA concentrations ranging from 97 to
110mmol L-! in the rumen of stégrs fed perennial ryegrass at
different stages of ?éturity and at different levelsﬂ of

" f
intake with molar proportion of acetate ranging from 66 to

‘ 68%, propionaée from 20 to 30% and butyrate from 10 to 12¥%.

Panditharatme et al (1986) feeding orchradgrass to sheep
fertilized with different rates of g and S, with or without
clover observed acetic acid ranging from 63.56 tof 75.01%,
propionic acid from 15.04 to 16.77%;y and butyric acid from.
5.91 to 7.84%. Therefore results obtained in the present
trial were characteristic of rumen VFA concentrat{gﬁ
observed on high forage diets both in terms of total VFA and
molar prbportions. The VFA's corresponéq& well w%th the

classical 69:17:14 or 70:20:10 ratios.of acetic: propionic:

butyric acids reported for ?}gh forage dieﬁg,*ﬂarriaoq and

e
N
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o Mc Allan 1980, Bergman 1973). Rumen NH, in mg d(;" has been . b
reported by the same authors to range from 5.1 to. 21.8 on 1
perenniai ryegrass, from £3.02 to 24.12 for barley straw or
bromegrass with or without 30% alfalfa, and 3.26 to 30.88

- for orchardgrass plu: or minus clover and different N and 8
fertilization rates . Varga and_Prigge (1982) fed alfalfa or
orcﬁradgrags and‘rep;rted rumen ammonia varying between 13.5
\mg dL-! for orchardgrass gad 21.2-22.6 mg dL-! for alfalfa.
Regardless of the m¢thod of alfalfa feeding in the present
trial figures for diét 1, 2, 5 and 6 were within the lowz;
spectrum of the range reported above and varied from 4.58 to
12.70 mg dL-1'. Thus, figures were normal for high ' forage
diets and far below the critical level for toxicity (100mg

%gt dL-1) (Owens and Bergen 1983).

The question of ideal ammonia concentration éor maximaf
microbial yield, for maximum efficiency of micgobial gpowth,

efficiency of microbial protein synthesis and/ or for

maximum rate of fermentation is still ‘controversial,

especially because the 'ideal concentration needgg to A
maximize any one of the above parameters may not be the same
* (Mehrez et al 1977) and may vary depending on'éhe basal diet,
studied (Mehrez et al 1977, Slyter et al 1979). Using
continuous culture fermenters,and three different basal 3~“
diets (purified, concentrate, forage concentrate) with.and
different rates of urea infusion, Satter and Slyter (1974)
o demonstrated that an NHs concentration of 5 mg dL-* was
eﬂough to support m;&imuh growth rate of rumen bacteria. The W

] ES
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authors also observed that excessively highv concentrations

that were above figures usually encountered in rumen fluid
80 mg dL-t+ did not have any deleterious effect on bacterial
growth. Nﬁ; began to accumulate when the CP equivalenit of
the substrate reached 11 to 14% . Orskov et al. (1972)
supporting the optimal value of 5mg/dl 1n a study where they
observed maximal growth rate of lambs when abomasal NH;-N
ranged between 4-8 mg dL-!. Abomasal NH;-N correspondg to
rumﬁna] NH; -N (Hume 1970). However, Mehrez et al (i977)
suggested that 1n order to obtain max.mal DM disappearance
as measured with nylon bags optimal concentration of rumen
NHs must be between 20 and 27mg dL-!', which 1s substantially
higher than previously reported figures required for maximal
microbial synthesis.

Also 1mportant to note 1s that for ammonia to be wused
efficiently energy sources must be avallable and
congequently, for a high forage diet that 1s likely to Dbe
less digestible than all diets used in the previously
mentioned studies, the rumen ammonia concentration required
to reach maximal microbial syntaesis is likely to Dbe  less
(Roffler and Satter 1975). In the present traial, values for
rumen ammonia on diets 1, 2, 5, 6 that ranged from 4.58- to
12.70 ’mg . dL-' correspond to optimal NHs; concentration for
maximal microbial synthesis but are lower than

\
concentrations required for maximal rates of fermentation.

\

The non-significant effect of diet at any sampling time on

rumen NHis may be linked to the lack of effect of diet on

Q
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VFA:<~with microbes being supplied with similar quantities
of N. The simg}arity in DEI’as.well as ADFI also indica@ed
that for all these ets, similar quantities and types of
energy yielding substrates were ;:;ilabl; againjleading to
similar VFA production.

The non-significant effeét of diet on rumen pH at any
times for diets 1, 2, 5 and 6 further supports the :imllar

patterns of fermentation. Values for pH gpvaried between 5.96

%
and g.587-‘wblch are below rumen pH values reported by
"A

Ndlovu and Buchanan-Smith (1985) whose dretgs, however, were
l et TN
fed at restricted 1levels, all containing a basal urea

level . In add1;fgn when supplemented 30% alfalfa was added
\\s 10% (as fed) 1n the present trial. It 1s well recognized
that alfalfa has a high rumen buffering capacity and 1f
supplemented in larger amounts may help to maintain higher
pi (Sniffen and Robinson 1987), This may have been the case
in the present trial. As well, and urea hydrolysis to the
alkalili ammonia could/ﬂé) have also a role. However, the
rumen pH reported 1in thl? study is low for an akl forage
diet i1n which pH 18 normaly maintained close to neutrality
(Erfle et al. 1982) . But seve;;l studies suggest tbat
bacterial growth rates mre decreased by pH values of 5.5 and
lower (Rassell and Dombrowska 1980, Prins and Clarke 1980) 5
is lower than 5.5 (Erfle et al. 1981). RusselkY and
Dombrowski (1980) observed a decrease in the number of
cellulolytic bacteria when rumen pH was decreased to between

5.7 and 6.2. Thus, it is unlikely that the microbial
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populatio? had been severely affected in the present trial
\

and if so , it was affected uniformily since no differences
in rumen pH were found across diets in nor other rumen

parameters for diets 1, 2, 5 and 6.

Plasma urea N (PUN) for diets 1, 2, 5 and 6 did not

differ at any sampling time. Because NH; absorption from the
p
rumen, is related to the concentration of rumen NHj

{Chalmers et al. 1976, Leng and Nolan 1984) and to rumen pH
the lack of dietary effect on pH and”NHs; explained the lack
of difference observed between the 4 diets considered. The
absolute values corresponded well to figures reported for
sheep consuming 9.2-11% CP, for which blood urea N (BUN)
concentgatlons were 7.8 mg dL-! and 10.2 mg dL-!' (Preston et
al 1965). Cows fed a 8.9%CP or 11.3%CP diet had BUN levels

of 9.60 and 11.27 mg/dl, respectively, (Prewitt et al 1971).

In the present trial the average CP for diets 1, 2, 5 and 6

was 9.92%.

-

Although the reasons remain unclear plasma glucose

— -

concentrations wére elevated compared to reported normal

(4

values for adult ruminants usually ranging between 40-60 mg

dL-! vs 80 and 100 mg dL-! for newborn ruminants or other
L] N
adult mammals (Pergman 19 ). Bassett (1975) reported plasma

glucosegignging from 57.7 to 59.8 mé dL-!' when adult wethers
were offered a lucerne chaff pfus wheat chaff ration.
Although alfalfa hay contains more soluble carbohydrates,
the amount fed is unlikely to have increased the amount of

.
glucose supplied to the intestines to explain the high
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plasma levels., The blood glucose values elevated for all

B

diets and \the lack of difference between the diets
indicates*\that most probably gluconeogenic precursors were
never limited.

3.4.c Urea vs Alfalfa b

The aupplementaéion of the basal timothy hay diet with
an \ iso-N gquantity of u#ea instead of alfalfa significantly
lowered the daily DMI as can be seen by comparing diets 1
and 2 and 6 to diets 3 and 4 (Table 2). DMI for diet 5 glso
tended to be higher compgied to urea supplemented diets 4.
This reduction 1n DMI was also accompanied by lower intakes

) 2
of ADF for diets 3 and 4 compared to diets 1 and 2 at
similar CP and DE 1ntaké¥. Thus the 1so0-N urea supplement
was unable to support DMI §1mllar to the a}falfa supplement.
These results support the hypothesis that the beneficial
effect of alfalfa DMI when added t% a basal grass hay diet
is not entirely due to its N content per se and that some
other factors are involved. However, looking morexclosely at
the results urea-N and alfalfa -N can be attributed similar
effects in terms of grass intake. As can be seen in Table 3,
no diet effect was obtained fér grass DM intake (GDMI)
regsrdless of the units in which it was expressed.
Consequently, the higher TDMI observed when alfalfa was
supplemented instead of urea resulted from §he alfalfa
intake. It can be concluded that alfalfa and urea

™ )
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gsupplemented at iso-N levels resulted in similar DMI of a

basal timothy hay diet. The animals eating the alfalfa
supplemented rations showed higher TDMI because of the

wered proportion of df in 1 g of alfalfa vsa 1 g of urea.
In addition, the resultskshown here shade further doubts on
the reticulorumen distension theory of control of forage
intake. VUrea containiﬁg diets had the lowest TDMI but also
had slower rates of passage but similar pool sizes which

yould tend to support the theory. However, controversy is

raised when comparing urea containing diets to diet 2 and 6

in which cases the rates of outflow of the particulate

fraction was higher for the diets having the lowest intakes
{diets 3 and 4). This non consistency of rate of passage and

intake may well indicate that, as for particle 8ize and

particle density effects reported by Reid et al. (1977) and

Ehle (1984), there 1is a threshold point at which rate of

passage or rumen distension will affect intake or vice

versa, and at values above or below act similarly. Thus the

higher TDMI observed when alfalfa is fed vs urea cannot be

explained by faster rates of passge suggesting that the

initial grass intake was not limited by bulk but may be by a

" N defichency. All animals ate to a constant CP level.

However, this cannot be proven from the present results

since no unsupplemented timothy hay diet was included in the

design.

Similar effects of iso-N supplementation of wurea or

preformed proteins on DMI of a low quality forage diet had
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been demonstrated previously. ¥Wohlt et al (1978)
demonstrated that N supplied as urea or soybean meal 1in
rations for dairy cows ;ontaining 11 to 12% CP were used as
efficiently for both sources in terms of milk production.
However, such was not the case when the CP level of the
ration was inqifased between 13 to 14.5%. At‘ this point
milk production of cows receiving soybean meal was greater
)
than for those rébeiving urea. The authors also observed

)
that at the 11-12% CP level rumen NH; concentrations were

a
below 5 mg dL-! whereas with the 13-14.5% level values were
well above 5 mg dlL-?. It could be that at the 11-12% CP
level animals or rumen microbes were suffering from a N
deficiency that could be supplied by urea or soygeanrmeal as
well. Once this N deficiency 18 eliminated, at the 13-14% CP
level then benefits of preformed proteins can be observed
via supply to the microbes or increased by-pass of preformed
proteins. Shriskadarajah et al (1982) observed similar
intakes of wheat straw when heifers were supplemented with
either wurea alone, urea and casein or urea and a 70% casein
30% HCHO-casein suﬁplement. Again, supplementing preformed
protein could not result in higher intakes. However, it must
be noted that increasing the proportion of HCHO-casein
resulted in higher intakes. As pointed oufhby the authors as
well as by Van Soest (1982), the improved intake due to post
ruminal supply of amino acids could also have resulted, in

part, from increased N recycling to the rumen. The
v

suggestion that NHj and post ruminal amino acids
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requirements must be fulfilled to obtain ¥akximal DMI could

also explain the benefiofal effect of increasing HCHO
cagsein in the diet. These results %gréé with observations
previously reported by Kempton et al (1979) and Kempton and
Leng (1979) who fed to sheep a diet based on cellulose with
supplements of urea, casein or HCHO-casein and obtaineh
similar increases in intakg when these were fed
individually, but greater responses were obtained when both
HCHO casein and wurea were combined. Regarding alfalfa
supplementation, it 1is unlikely that its effect was all
mediated via post ruminal supply of N and then recycled to

the rumen since Neutze and Kellaway (1986) demonstrated a

limited capacity for this mechanism, because in the present
trial PUN values were t elevated when alfalfa diets were
fed. Beever et al. (1981} suggested that greater amounts of

N were digested in the cecum when dried legumes vs grasses
are fed. This would suggest a potential benefit of N
recycled to the rumen from legumes., Alfalfa could partly act
by supplying recycled NHj .

Orskov and Gribb (1979, 1977) could not show any
benefit of replacing urea by fishmeal in cereal based diets
for lambs. The necessity to meet the ammonia requirements of
the microbes before any further benefit of supplying
preformed protein can be observed is further supported by
the greater response in DMI by lambs when alfalfa was

supplemented to NH; treated corn cobs ys8 untreated ones

o

(Brandt and Klopfeinstein 1986a) . The fact that wurea
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supplementation is only beneficial up t¢ a limit in term
of N retention and that passed thst point further
improvements can only be achieved b ncreasing the true

protein content of the diet is also w¢ll documented (Coombe

and Triée 1963, Swift et al 1947). Thus the similar DMI for &
grass hay observed when urea or alfalfa were fed in the

present trial could be due to their supply of N as rumen
NHs . Note that rumen NH; reported rein were found to be in
the lower range of previgggiz*iigg ted figures for different
forage diets. Rumen NH; never exceeded 21 mg dL-!< which was
at 3 h post feeding on a once a day urea infusion and was
never below 4.6 mg dL-!, thus, was always higher than the 5
mg dL-! proposed to be required for maximal microbial growth
but always lower then the 20-27 mg dL-! required for maximal
DM disappearance. Requirements for NH; may have just been
met with the ;lfalfa supplement and no benefit of the
preformed protein could be observed. If NH:; requirement was

met by lower supplementation then animals may still eat more

alfalfa to benefit from other nutrients present without

affecting grass intake per se. At 3 h and 6 h post
feeding, rumen NH; were higher on diet 3 vg 1 and 2, which

was probably a reflection of the higher dose of hydrolyzable
urea given in the morning compared to the other diets.
Although non—signifi;ant, rumen NH; for diet 4 also tended
to be Ltigher vs others probably due to the wurea infusion
itself or eéenhanced N recycling to the rumen. Even if the

magnitude of the recycling of N ig s8till controversial
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(Kennedey and Milligan 1978a, b, Neutze and Kellaway 1986)

the fact it does occur leaves no doubt. Neutze and Kellaway
(1986) suggested that the capacity of this mechanism was
limited ana that that was the reason why animals respond to
increased urea supé&ementation. However, in the present case
it could be argued that basal urea secretion was too low
initially and that at any level of supplementation the
absolute quantiﬁﬁeof N recycled was the éame for different
. diets. &

E The increased rumen NH: concentrations were reflected

% . in the levels of PUN 4 and 8 h post feeding, being greater

on diets 3 and 4 with no difference among them’at <_h but

AR s

‘: gsome at 8 h, following the pattern of rumen NH;. Diet 4 had
5 \_Léwer rumen NH; at 6 h post feeding and lower PUN 8 h post

feeding. Note that rumen pH, not being affected by urea or

SRS T e
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alfalfa supplement, could not have played a role in
influencing absortion of NHs across the rumen wall.

The non-significant effect of diet on total and molar
proportion of VFA demonstrated similar fermentation patterns
which further supports the similarity between alfalfa and
Qrea supplemnts. Information on the effects of legume

supplementation on rumen parameters is limited. Hunt et al

i (1985) working with alfalfa-tall fescue combinations did not
report any effect on VFA or NH;, nor did Soofi et al (1982)
for alfalfa corn stover combinations, nor Moseley and Jones

‘:. (1979) with ryegrass clover mixtures. Varga and Prigge

(1982) reported no difference in total VFA between
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orchardgrass and alfalfa . None of the authors reported
effect of urea ys alfalfa. Ndlovu and Buchanan-Smith (1986)
found higher BC-VFA with and alfalfa supplement, however, ‘
their 1level of supplementation was higher than in the
present experiment.

Note that at all times, values obtained fr diets 3 and

%

4 for VFA total concentrations and molar proportions, rumen

Vs
apmonia, rumen pH, PUN, plasma glucose and rates of

particulate passage related to reported/values from other
studies in a similar way as did valueg obtained for diets
1, 2, 5 and 6, and thus were considered normal, except for
glucose which was slightly elevated. ’

I None of the studies mentioned when reviewing the effect
of legume supplementation had compared 1iso-N sources of
legume and urea on respective low quality forage i;take. For )
some of these studies the N content of the basal diet was

lower than the 9.26% of the timothy hay used in the present

trial and the beneficial effects of the supplemented legumes

might well have been due to N only. Generalizations across
basal diet can be risky because the protein solubility and
degradability may affect the NH; levels generated the
possibility cannot be eliminated. Similarly, it must also be
stated that not all levels of supplementation even of
similav feeqs‘act via the same mechanisms to increase TDMI
explaining the sometimes quadratic instead of linear

%]p' response in DMI and DMD seen (Brandt and Klopfenstein 1986a,

Hunt et al 1985). It could also be that within one level of
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N supplementation different sources act differently

e;peoially if several nutrients are deficient in the diet
resulting at the end in similar DMI of the basal diet. 1In
the present trial for axample if both NHy and pr;formed
amino acids had been deficient in the -timothy hay then
either supplement, urea or alfalfa hay would fulfill one of

the deficienciesy, ultimately supporting similar grass DMI.

It could also be that alfalfa supplied part of each
deficient nutrient. This hypothésis would not contradict the
results obtained previously by Kempton et al (1979) and

'Kempton and Leng (1979). However from the parameters
measured and because only one level of supplementation was

( ' used and an unsupplemented grass diet was not included in

AN
-

the present trial, no defenite conclusion can be made as to
how yrea and alfalfa resulted in similar timothy DMI.
Another possible explanation would be that the wurea
8upplement caused a certain grass DMI even though too much
NH; was being supplied; the animal could not reduce the urea
intake. This would Be supported by concentrations of rumen
ammonia over 5 mg dL-3 at all times, the( non deleterious
effect of higher levels having been suggested before. Levels
indicating ammonia toxicity were not reached either.
Sheep may have responded to the fulfillement of their N
requirement from alfalfa by consuming similar grass as when
N

c urea was fed but since more protein was supplied than was

/
deaminated the\remainder could have been used as preformed
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amino acids explaining the superior TDMI observed when
alfalfs was fed. —

These are all suggested mechanisms but the exact one
cannot be determined fron these results. Trial 2 to be
presented herein will persue the research in this area.

3.4.d Feeding Schedule-effect -

Regarding the feeding schedule of the N supplements no
effect on grass DMI, TDMI, ADFI nor CPI were observed
comparing diets 1 vs 2, 3 vs 4, 5 vs 6. Plasma glucose,VFA
and rumen pH were not affected either. Some differences were
noted, however, between the two urea-containing diets in
terms of rumen NH; concentrations at 3 and 6 b post feeding
and for PUN prefeeding dnd 8 hours after. Although the

difference did not reach statistical significance PUN tended

to be higher 4 h post feeding for diet 3.
gk

>

In 1965 Raleigh a;d Wallace showéd that calves
consuming diet of grass hay diet performed better ig/éiven
a urea- containing supplement three times a day instead o

once daily. This is contrary to the results obtained in th:>
present trial. The difference may relate to the level oé
supplementation. At no time did sheep given the urea once a
day show any sign of NHs; toxicity. If the amount ‘infused had
been enough to physiologically affect the ani%als then some
benefits of more frequent feeding would have been observed.

o

Intake was not affected by once a day infusion , which
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indieate that aq}nala were able to conserve the N given by

absorbing it into the blood and recycling it to the rumen

threafter, or, that the animals could not conserve the N
which was not deficient. The first sugg%stion is supported
by the elevated PUN for diets 3 ys 4. Owens et al (1980)
suggested the use of 8low release urea compounds and

" L
demonstrated its benefits vs prilled urea when incorporated

at“B‘iérlo% in concentrates for sheep fed cottonseed hulls

ad libitum An terms of DMI and reduced signs of toxicity in
steers. However, the levels used were much greater then in
the present trial . Mizwicki et al (1980) used 3 different
patterns of urea infusion: continuous 3.5g h-! for 24 hrs,
14.2g h-1t for‘§\h, or, 85; h-* for 1 h for steers fed
prairie hay. The authors found significant beneficial effect
of urea feeding on DMD and N retention but no difference was
observed among the rates of infusion eve% though rumen NH;
was stabilized by continuous infusion. These agree with our
results. It also doubtfull that NH; produced was badly
utilized due non availability of energy sources in view of
the high production of VFA observed. The lack‘ of
effect of feeding of the alfalfq supplement may have been
caused by a more inherent slow release of N from alfalfa vs
urea and thus, spreﬁding the alfalfa feeding throughout the
day does not affect kHa release as can be seen from rumen
NHs concentration or that recycling compensated for faster

¢

release on a once a day feeding.

The lack of effect on VFA for any diet of feeding
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schedule further supports that no benefits were ‘gained by
more frequent delivery of N to .the rumen at this level of
msupplementation. :rhe lack of diffe;'ence between rumen NHs; on
diets 4 vs 1l or, 6 vgs 1 also indicated that the 4 times
infusion of N as alfalfa or urea were succesfull in
mimicking NH; release from a 10% alfalfa 90% grass mixture
and 1hat this releage was, in fact gradual. No difference
between diet 1 and 2 further support this since alfalfa N
was réleased faster than post feeding rumen NHsy and should

a

have been greater for diets 2 vgs 1 which was not the case.
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3.5 CONCLUSION

Tée results of this expegpiment clearly demonstrated
that for a hay mixture composed of 10% alfalfa 90% timothy
hay the resulting TDMI and timothy!DMI were not influenced
by a é}eqter palatability of the alfalfa hay.

The TDMI of sheep was increased sighificantly when an
alfalfa supplement was given instead of an 1s80-N supplement
of urea difectly infused in the rumen. However, this higher
TDMI was due to the DM of the alfafa supplement per se since
no diet effect was observed on timothy DMI. The non-
consistent effect of the alfalfa supplement vs urea on rates
of passage strongly suggested that the grass DMI was not
controlled by bulk since the animals could 1ngest more DM,
which was not always parallelled by i1ncreases in rates of
particulate outflow from the rumen. Thus, the animals must
have responded to some physiological J51gnal(s) further
gsupported by the lack of difference in DMI when alfalfa was
placed in the rumen i1nstead of being fed per os.

The wurea and alfalfa supplements resulting i1n similar
grass DMI was strong evidence for N or rumen NHs to be the
si1gnal, however, it caﬁnot be clearly confirmed from the
results of this trial. The only conclusion that can be made
is that alfalfa and urea given in iso-N amounts supported
similar intakes of grass hay, but alfalfa improved TDMI.

Alfalfa could have acted via its N content, amino acids or

other nutrients.
The two different feeding shedules of the supplements
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had similar effects on grass DMI, TDMI, ADFI, DEI and CPI.
Thus at this level of supplementation no benefit was gained
from more frequent feeding of urea in terms of intake.
Although three of the initial objectives were nmet,
results of the present trial did not allow us to cle;rly
state that alfalfa-N and urea-N were equivalent since each
supplement may have acted via different mechanisms,
indicating the need for more research to try to elucid;te
these mechgnlsms of action. The experiment presented herein
concentrated on the effects of the supplements on 1intakes
but their effects on nutrient digestibility and N retention
were not studied and aould be of importance in determining
the benefit of these supplements 1n terms of overall animal

performance.
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IV. BFFECT OF DIFFERENT IVELS OF ALFALFA SUPPLEMENTATION
AND UREA SUPPLEMENTATION.ON. INTAKES BY SHEEP FED A BASAL
GRASS HAY DIET.

4.0 INTRODUCTION

The improved voluntary consumption of grass hays and
other low quality forages by s;éplementation of a protein or
NPN séurce 18 well documented (Ega& 1965, Egan ana Doyle
1985, Redman et al 1980, Kempton et al 1979). The fact that
the DMI of such forages can be 1ncreased gy a simple

supplementation of a legume hay 1s also well }ecognlzed

(Soofa et al 1982, Hyht et al 1985, Moseley 1974,

e
-

H

Klopfenstein and Owen 1981). .

However, the mechanisms by which these improved DMI are
brought about when NPN, preformed protein or legume
supplements are fed are un;lear and could also d{ffer among
levels of supplementation and basal diets. Several studies
suggest that maximal DM1 responses are observed only when
microorganisms requirements for NHi: and/ or amino acids and
host requirements for essential amino 30133 are met (Kempton
et al 1979, Kempton and Leng 1979). Thus, at low levels of N
supplementation the beneficial effects of 1ncreased crude
protein supplements could simply be mediatéﬁ by increased
availability of ammonia since iso-N supplements of urea or
protein result in similar responses (Orskov and Grubb 1979,
1977, Shriskandarajah et al 1982, Wohlt et al 1978, and
results of Experiment I).

Similarly, the increased reponse observed by previously
mentioned authors in DMI as legume supplementation increased
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could also be mediated by N only until NHs starts

accumulating in the rumen, and, then further benefit of

higher 1levels could result from preformed proteins and or
other nutrients. *

Thus this second experiment was designed to gain more
knowledge about the effects of alfalfa and urea
on grass intake, their respective mechanisms of action by
comparing different levels of supplementation to an all
grass diet. \

Since beneficial effects of increased DMI on animal
performance Eou&d be gegated by a decrease 1in d1gest1%111£

of nutrients or an altered N g;lance these parameters will

also be monitored.
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4.1 OBJECTIVES

The second experiment was designed to meet the

. following objectives:
1- to determine the effects of urea supplementation on
grass DMI and rumen parameters; -
2- to determine if urea and alfalfa at 1iso-N levels

have the same effects on grass DMI and TDMI , rumen

4
v

parameters, digestibility and N balance; -
3- to determine if there 1is any benef1t of
supplementing both N sources simultaneously on intake,
rumen parameters, N balance;

4- to determine the effects of increasing the level of
alfalfa supplementation on grass intake, TDMI, rumen

‘i parameters, N balance.
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4.2 MATERIALS AND METHODS

4.2.a Experimental Design

This trial was designed as a 6x6 latin square design
consisting of 6 periods, 6 diets and 6 animals with the s8ix
diets randomly assigned to the 6 animals. Each experimental
period was of 17 days: 8 days of adaptation to the diet and

9 days of sample collection and measurement.

4.2.b Animals and housfng

Al

S
~

Six mature crossbred rams (35-70 kg) that were
ruminally fistulated were used. Metabolic cages, lighting

regimes, temperature, deworming procedures were as 1n Trial
I. Animals were weighed at the beginning and end of each

collection period.

4,2.c Diets and feeding schedule

\

For this trial all animals were offered a basal diet of
timothy hay and one of the following supplements:

1- no supplement;

2~ 150g (as fed) of alfalfa hay;
3- a 10% (w/v) urea solution infused in the rumen. The
total amount given was calculated to be

isonitrogeneous to 150g of alfalfa hay;
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4- 3023 ( as fed) alfalfa hay;

5- 150g (as fed) alfalfa hay and a 10% (w/v) urea

so%ution isonitrogeneous to 150 g alfalfa infused in

the rumen; ¢

6~ 450g (as fed) alfalfa hay.

All hays were chopped to a length of 2 cm before being
fed. The timothy hay was offered twice daily: 2/3 of the
total daily amount i1n the mornaing (0700-0730 h), and 1/3 at
1500-1530 h. Although offered twice daily, grass hay was
always present 1n the feeder to fulfill the ad 1libbtum
feeding craiteria. For diets 2, 4, 5, 6 the alfalfa
supplement was offered during the morning feeding separately

from the grass hay (feeders were compartmented as 1n Trial

1)

L]

The wurea solution 1n diet 3 and 5 was 1nfused i1n the
morning together with a mineral mix prepared to supply the
calcium, phosphorous, magnesium and sulphur contained 1in
150g .alfalfa. To determine these quantities, a sample of
alfalfa was taken from the whole supply to be wused during
the experiment and analyzed by atomic absorption
spectrophotometry except for sulphur. For this element, a
value was taken from an NRC table. The same alfalfa sample
was used to determine the amount of urea to be infused in
order to supply the same amount on nitrogen as 150g alfalfa.
The mineral mix was prepared from calcium phosphate dibasic
(Anachemia AC-1997), calcium carbonate ( Anachemia AC- 1940)

and magnesium sulfate (Anachemia AC_ 5567). Water and trace
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mineral salt blocks were available at all times.

4.2.;>Sampling schedule and procedure

Rumen samples N )

Rumen digesta samples were collected on day 9 of each
exper%mental period. Whole digesta samples were taken at
different times through the day: within 15 min before
feeding and at 1, 3, 4, 5, 6 and 12 h postfeeding. The
digesta collected was filtered as 1n Trial 1 the solid
fraction was discarded, pH was measured on the llqu{d
fraction Subsequently, samples were processed as in Trjal
I. B&ood samples

Whole‘blood was collected from the jugular vein of each
sheep on day 10 of the experimental period prefeeding and at
1, 3, 4, 5, 6 and 12 h postfeeding. For eaéh sampliné time
10ml were collected 1n a vacutainer coated with potassium
oxalate and sodium fluoride and 14 ml 1n°® 2 vacutainers

\
Samples were then processed as

coated with lithium heparin.
in Trial I and frozen.

Feeds and refusals

Voluntary 1intakes of the sheep were recorded daily from
day 11 to day 15 of the experimental period. Samples of feed
were taken every day, pooled at the end of the 5 days and
dried .n a forced air oven for 48 hours at 60 C. Refusals
were wei,’hed and sampled every morning; samples were pooled
by diet at the end of the 5 days and dried. Samples of feeds

of
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and refusals were stored as in Trial I. .

-~

Feces and urine

During the same 5 days as intake was being recorded
digestibility and Nitrogen (N) balance gtudies were
conducted.

Digestibility was measured by total feces collection.
To <collect feces plastic bags were glued onto the sheep
using Lepage cement the day before collection was to be
started. Note that the bags were closed only after the
morning feeding of day 11. These bags were removed after the
5tbvday of collection and new ones were installed for each
collection period. The bags were emptied 3 times a dry 1n a

plastic bucket i1mmediately after the morning feeding, after

the afternoon feédlng and between 2200 and 2300 h. The E?tﬁr/

wet weight excreted was recorded daily in the morn;n@ at

pye:N —
which time a 100g sample was taken and dried infa forced air

oven at 60 C for 48 h. Samples were pooled by diet at the
end of the 5 d collection and stored in plastic bags.

Urine was <collected 1n a plastic Dbottle using the
metabolic cage 1tself. The cages were washed down with
water just after feeding on the morning of day 11. The urine
was collected in a plastic bottle to which 20 ml of
concentrated sulfuric acid were added daily. Every morning
after feeding and feces collection, the total urine excreted
on the previous day was filtered through 4 layers of
cheegecloth and the volume of the filtrate was recorded.

A

Then a sample was taken (100ml) and stored in a refrigerator

.
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in a plastic bottle. At the end of the 5 d collection,

samples were pooled by 8iet and only 100 ml were kept.

3
) .

4,2.e Analytical Procedure

Rumen samples

Samples preserved with hydrochloric acid were analyzed
for NHs; content and those containing trimetaphosphoric acid
were analyzed for their volatile fatty acids content; both
analysis performed according to the same procedures followed
in Trial TI.

Blood samples

Following same procedures as in Trial I the plasma
collected was analyzed for plasma glucose and urea-N.

Feeds, refusals and feces. 4

All these samples were ground through a lmm screen 1n a
hammer mi1ll. They were then analyzed for absolute dry
matter, ash, crude protein and ADF (same methods as in Trial
I). In addition the N was determined on the ADF residue.

Lrine

Urine samples were analyzed for CP for N retention

calculated by substracting CP excreted in feces and urine *

from CP intake.

4,2.f Statistical analysis

!
Results of this experiment were analyzed according to

the same procedure as for results of the first experiment. J

\
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4.3 RESULTS

4.3.a Forage composition

The composition of the two hays are presented in
tablel5. Alfalfa and timothy hays had similar DM content and
OM content. The CP content of the alfalfa was much higher
then the CP \content of the timothy hay whereas the ADF
content followe e reverse pattern. Alfalfa was analyzed
for calcium, magnesium and phosphorous and the results are

also included in Table 15.

4.3.b Intakes and appa}ent digestibilities of DM

Intakes were calculated for each day and diet of each
collection period , and averages per diet over one
collection period calculated. Chemical analyses were
performed on the pooled samples and means per diet over the
whole experiment were then calculated. LS means were
generated to compare differences between diets and- results
are shown in Tables 16 to 18 for legume grass and total DM
intakes. Alfalfa intake was significantly affected by diet
(P<.0001) regardless of the units in which it was expressed
as were grass DMI (P<.02) and TDMI (P<.025).

The alfalfa intakes for diets 1 and 3 were O as
expected. Intakes of alfalfa for diets 2 and 5 were similar,

intake on diet 4 was higher vg diets 2 and 5 and lower than
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TABLE 15 Composition of the alfalfa and timothy hays?
(Exp.11)
Timothy hay Alfalfa hay

_____-_________:; _____________________________________
Dry matter (%) 87.717 < 87.35
A Y
%
ckude protltein 9.95 17.60
Aczz\detergent !
fiber (ADF) 44 .60 Q 34.46
Ash 6.11 9.17
ADF-Nitrogen 0.59 0.72
Calcium 1.34
Phosphorous 0.20

x Magnesium 0.25
Digestible
Energy Mcal/kg? 2.47 2.65

! All values except dry matter are presented on
a dry matter basis.

2 From NRC (1985)

v
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Least square means of the average daily dr} matter intakes

TABLE 16
(DMI) of alfalfa hay expressed as g, g kg-! body weight
(g kg-* 3v¥), g kg~! of metabolic body weight (g
kg-1 W.18) (Exp.II).
Alfalfa DMI
Diets? g g kg-! BW g kg-1 W78
1 0» 0a Qa
2 131.03® \ 2.16b 6.01b
3 Qs Qa Os
/
4 262.06¢ 4,36¢ 11.92¢
5 131.03® 2.200 6.100
6 393.094 6.664 18.24¢
SE2 .40 .18 .38
)
___________ ;_-__-____-______-___-__________1____-____---___-_____
1 diet 1=grass ad libitum; 2= grass ad libitum and 150g

alfalfa; 3= grass ad libitum and urea iso-N to 150g
alfalfa; 4= grass ad libitum and 300 g ad libitum; 5=
gragss ad libitum and 150g alfalfa and urea igo-N to 150g
alfalfa; grass ad libitum and 450g alfalfa.

2 Standard errors of the means

abcdMeans in one column with same letter do not differ

P>.05.
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TABLE 17 Least square means of the average daily dry matter intake
(DMI) of timothy hay expressed as g, g kg-! body weight,
(g kg-? BW) and g kg-* of metabolic body weight (g
kg-1 W-78), (Exp.II).

Timothy DMI

A o —— ———— - S —— - —— A D Y M= MR e e e R T e e . . -

Diets! g g kg-1 BW g kg-! W78

1 1450.28%® 22.8920 64.492bc ’

2 1553,773 . 24.38ab 68,23

3 ©1480.4020 25,103 - 69.46°

4 1355.64¢b¢ 22.23bc¢ 61.99b¢

5 1338.11b¢ 22.19v¢ 61.74c

6 1255.33¢c 21.23¢ 58.72¢

see 4.0 o.78 2.3

! diet 1=grass ad libitum; 2= grass ad libitum and 150g
: alfalfa; 3= grass ad libitum and urea iso-N to 150g
@@ alfalfa; 4= grass ad libitum and 300 g ad libitum; 6=
grass ad libitum and 150g alfalfa and urea iso-N to 150g

alfalfa; grass ad libitum and 450g alfalfa.

2 Standard errors of the means.

. abc Means in one column with same superscripts do not differ P>.05
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TABLE 18 Least square means of the average daily total dry matter
intakes (TDMI) expressed as g, g kg-! body weight (g kg-! BW]

1™\ and g kg-! of metabolic body weight (g kg-! W-78), (Exp.II)
TDMI
Diets! £ g kg-! BW g2 kg-1 W. 78
1 1450.28» 22.89a 64.49»
2 1634.80Y 26.53bc¢ 74.33¢vd
3 1487.853¢ 25,820 69.813b¢c
4 1617.70b¢ 26,59b¢ 74.10bcd
5 1476.600 ¢ 24.51%0 68.18b
6 1648.42° 27.88¢ 77.14¢
see 4816 0.8 2.8
' dict l-grass ad libitum; 2- grass ad libitum and 150g
alfalfa; 3= grass ad libitum and urea isa N to 150g
alfalfa; 4= grass ad libitum and 300 g ad libitum; 5=

grass ad libitum and 150g alfalfa and urea iso-N to 150g

alfalfa;

grass ad libitum and 450g alfalfa.

t Standard errors of the means.

abc dMeansg

5

in one column with same superscripts do not daiffer P>.05.
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diet 6.

Grass DMI showed that none of the levels of- alfalfa
supplementation (150, 300 or 450 g d-!) improved grass DMI
(P>.05). However, a trend can be seen toward an improved DMI
at the lowest level of supplementat;on. A trend toward a
reduced 1ntake vs grass given alone when alfalfa supplement

;gs increased was also observed. The 450 g d-' supplement
s

ignificantly reduced grass DMI/W:- 75 compared to the 150g

supplement. Supplementing the basal timothy hay diet with \

urea (diet 3) did not alter grass DMI regardless of the
units of expression, and there was no difference 1n grass
DMI  between the 150 g d-' alfalfa supplement and an 1so-N
supplement of urea. Similarly, replacing half of the alfalfa
supplement by an 1so-N source of urea did not alter DMI of
grass (diets 4 ys 5) both yielding results similar to the
control and 450 g d-! supplement. Grass DMI (g kg-t! W 78%)
was 51gn1f1§antly reduced by adding some alfalfa to urea as
can be seen by comparing diets 5 and 3, or urea to the
alfalfa as can be seen by comparing diets 5 and 2.

Although grass DMI (g kg-! W-75) of diets 2 and 4 were
not si1gnificantly different there appear to be a trend for
lower N supplement as alfalfa or urea to result in highest
grass DMI. *

Fegarding TDMI, regardless of the units of expression
diet had a significant effect. TDMI expressed in any unit
was improved by any level of alfalfa supplementation with no
difference among them, although the 450 g d-t level tended

{
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to have a greater éffect then the 2 others. Urea
supplementation of diet 3 did not cause any increase in TDMI
vs the non supplemented diet 1 and although it did not reach
significance (P<.15) an iso-N supplement as éifa}fa tended
to result in higher TDMI g kg-! W-75. Adding an iso-N amount
of urea to 150g alfalfa supplement (diet 5) tended to
depress DMI vs the alfalfa supplement given alone diet 2 or
300g alfalfa diet 4. The TDMI of diets containing urea were
gsimilar with or without 150 g alfalfa and a tendency was
observed for a slight i1mprovement 1n TDMI Vs the
«nsupplemented diet but lower TDMI wvs any alfalfa
supplement.

Regarding apparent dry matter digestaibility (DMD) no
effect of diet was observed and similar dlgestlblé DMI
(DDMI) resulted for all diets. LS means generated are in
Table 19. A tendency (P<[(20), hoéever, was observed for
improved DDMI with a ured supplement vs unsupplemented diet
and further improvement with an alfalfa supplementation.

f."

4.3.c Crude Protein 1intake CPI and apparent
digestibility (CPD)

4

Total CPI was significantly affected by diet (P<.0001},
LS means computed to locate differences among diets are
shown in Table 20 . CPI expressed as g kg-! or gkg-t W 73
was{gincreased by all supplement vs diet 1. Diet 6 had the

highest CPI being significantly different from all the

others. CPI g kg! W-75 was not changed by replacing
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TABLE 19 Least square means of\ the avergge>dry matter digestibility
(DMD) and average dai}}\d4¢e§11ble dry matter intake (DDMI)
expressed as g, g kg-! body weight (g kg-! BW) and k kg-!?
of metabolic body weight (g kg-t! W-76), (Exp.I1I)

Diets! SE?
1 2 3 4 5 6
¥

DMD (%) 48.54 52.01 52.33 52.39 49.84 49.95 2.25
DDMI '
g 701.12  849.62 777.30 842.80 729.28 B805.19 50.8

R Y
£ kg-' Bw  11.14 13.81 13.20 13.85 12.10 13.33 b.17
g kg-'W- 75 31.32 38.62 36.52// 38.87 34.56 37.08 2.25
__________________________________ 7____,__..____._.__....-__.__.._...____-_-_.__

el

1 diet I=grass ad libitum; 2= grass ad libitum and 150g
alfalfa; 3= grass ad libitum and urea iso-N to 150¢
alfalfa; 4= grass ad libitum and 300 g ad libitum; 5=
grass ad libitum and 150g alfalfa and urea 1s0-N to 150g

alfalfa;, grass ad libitum and 450g alfalfa.
%

? Standard errors of the means.

~
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TABLE 20 Least square means of the average daily crude protein

intake (CPI), crude protein digestibility (CPD) and

digestible crude protein intake (DCPI) expressed as g,

£ kg-! body weight (g kg-! BW) and g kg-!' metabolic

body weight (g kg-! W-78), (Exp. II)

Diets! SE?
1 2 3 (R 5 6

CPI
g 143.49» 172.43°® 172.38b 181.38bc 182.50bc 193,92¢ 4,80
g kg-1! 2.29=2 2.800 2. 87b¢ 2.97bc 3.04c 3.2814 0.07
g kg-1W-735 6,432 7.84b 7.98b¢ 8.29bc 8.45¢ 9,034 0.20
CPD (%) 52.92 58.77 62.95 59.87 62.54 59.67 2.32
DCP
£ 76.31» 102.92° 108.92¢ 108.45¢® {&1.58” 114.13b 5.90
g kg-1? 1.24» 1.67? 1.80°" 1.770 1.900 1.89» .09
g kg-1W- 73 3.462 4.68b 5.02b 4,94 5.27b 5.25®b .25

4 diet 1=grass ad libitum; 2= grass ad libitum and 150g
alfalfa; 3= grass ad libitum and urea iso-N to 150g
alfalfa; 4= grass ad libitum and 300 g ad libitum; 5=
grass ad libitum and 150g alfalfa and urea iso-N to 150g
alfalfa; grass ad libitum and 450g alfalfa.

2Standard

*bc Means in one line with same superscripts do not differ P>.05.

errors of the means.
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alfalfa with an iso-N source of urea, nor was it affécted
by replacing half of the 300g alfalfa by an iso-N source
(diets 4 and 5). However, adding a urea supplement to 150g
alfalfa (diet 5) caused an increase in CPI over the alfalfa
supplement alone (diet 2) but diet 5 did not result in
higher CPI over the same amount of urea given alone (diet
3). As can be see; in Table 20, CPD was not gffected by
diet. Table Zd also presents the digestible CPI (DCPI),
which shows that all of the N supplements resulted in higher
DCPI vs the control with no difference among them. However,

urea contalining diet tended to result in higher DCPI \xg

their 1s0-N alfalfa supplemented counterpart.

4.3.d Estimated digestible energy intake (DEI)

Diet had a significant effect on estimated DEI
regardless of the units of expression . LS means computed
are presented in Table 21, All levels of alfalfa
supplementation resulted in a higher DEI with no difference
among the levels. The urea containing diets (3 and 5) had
similar DEI g kg-! W-73 as their iso-N counterparts and the
DEI for diet 3 did not differ from the unsupplemented diet.
There was no difference between the combination of alfalfa

and urea and alfalfa or urea given alone.

4.J.e ADF intake and apparent digestibility (ADFI and
ADFD)
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TABLE 21 Least squayQWMeans of the estimated daily digestible
energy intakes (DEI) in Mcal, Mcal kg-1 body weight
and Mcal kg-! metabolic body weight (g W-78)., (Exp.2).

Diets!
& T e e e e e — e
| 1 2 3 4 . 5 6
DEI N
Mcal 3.74» 4,22b 3.82a 4.2]1vc¢ 3.948bc  4,24b
Mcal kg-! .059»s .069b¢c .064ed .069bc .0650p .071¢
Mcal kg-!'W- 735 ,1662 .192bc¢ .178ab .192b¢ .182¢b .197¢
! diet 1l=zgrass ad libitum; 2= grass ad libitum and 150g
alfalfa; 3= grass ad libitum and urea iso-N to 150g
alfalfa; 4= grass ad libitum and 300 g ad libitum; =
grass ad libitum and 150g alfalfa and urea iso-N to 150g
alfalfa; grass ad libitum and 450g alfalfa.
2 Standard errors of the means.
‘: abc Figures with the same letter in one line do not differ P>.05

SE?
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Diet had a significant effect on ADFI g kg-! and g kg-1
W78 (p<.02 and .04). LS means are shown innTabée 22 and

indicate that all supplemented diets resulted in

significantly higher ADFI g kg-! W-735 compared to the
unsupplemented diet with no difference among the
supplements. ADFD was not affected by treatment and thus,
overall there was no effect on DADFI (Table 22) . A
tendency, however, for higher values was observed as a

supplement was fed.

4.3.f Crude protein retention

Table 23 shows the LS means generated to compare the CP
retention of the different diets. Diet had no significant
effect on CP excreted 1n the urine or CP retention. The
lack of significance could m' related to the high
coefficient of variation. As can be seen all supplements

tended to improve CP retention vs diet 1. <

4.3.2 Rumen parameters

Rumen VFA

The molar proportion of acetic, propionic, isobutyric !
and butyric acids were not affected by diet at any time as
shown 1n Tables 24 to 30. Diet effect was significant for
total VFA concentration prefeeding and at 3, 5 and 6 h

postfeeding, for isovaleric prefeeding and for valeric at 1,

3, 4, 5 and 6 h postfeeding. At 12 h none of the parameters
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TABLE 22 Least square means of the average acid detergent fiber

intakes (ADFI), acid detergent fiber digestibility (ADFD)

and digestible acid detergent fiber intake (DADFI) in g,

g kg-! body weight (g kg-! BW) and g kg-! metabolic body

weight (g kg-! W-78), (Exp. II).

Diets!
SE?
1 2 3 4 5 6

ADF1I .
g 632.08 696.77 648.58 682.79 646.18 687.41 20.7]1
g kg-1 10.00>= 11.33bd 10.84ab 11.16% 10.76abd 11.503b 0, 2¢
g kg-twW 78 25.44» 31.69? 30.10°% 32.15p® 29.900 31.95¢® 1.5]
ADFD (%) 42 .98 42.11 44 .82 42.79 42 .05 38.46 2.87
DADFI -
g 263.94 292.34 289.53 291.15 266 .86 258.09 23.9¢
g kg-1? 4.24 4.717 4.83 4.72 4.45 4.11 0.39
g kg-1wW. 75 10.71 13.34 13.42 13.59 12.37 11.55 1.19

- e e i et e . o o e M e e e A A e Mm e e = e e e - T e e o S - e - - -

! diet 1=zgrass ad libitum; 2= grass ad libitum and 150¢g
alfalfa; 3= grass ad libitum and urea iso-N to 150g
alfalfa; 4z grass ad libitum and 300 g ad libitum; =
grass ad libitum and 150g alfalfa and urea iso-N to 150g
alfalfa; grass ad libitum and 450g alfalfa.

? Standard errors of the means.

|

b Means in one line with same superscripts do not differ P>.05.
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TABLE 23 Least square means of the average N protein
equivalent excretion in the urine and retention in e
g, & kg-1g body weight (g kg-! BW) and g kg-! metabolic
body weight (g kg-* W-78). (Exp.II).

Diets!? SE2
1 2 3 4 5 6

urine CP

g/day 71.01 62.13 66.41 79.78 64.32 91.06 8.34
CP Retention

£ 5.30 38.72 44,26 28.67 38.18 23.08 12.00
g kg-! 0.11 0.64 0.70 0.46 0.65 0.33 0.21
g kg-1W- 753 0.28 1.79 1.98 1.28 1.79 0.96 0.57%

! diet 1=grass ad libitum; 2= grass ad libitum and 150g
alfalfa; 3= grass ad libitum and urea iso-N to 150g
alfalfa; 4= grass ad libitum and 300 g ad 1libitum; 5=
grass ad libitum and 150g alfalfa and urea iso-N to 150g
alfalfa; grass ad libitum and 450g alfalfa.

2Standard errors of the means.
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TABLE 24 Least square means of total volatile fatty acid
concentration (mmol L-!), molar proportion of
acetic, propionic), butyric, isobutyric, isovaleric,
valeric acids (%), and ratio of acetic/propionic
(A/P) prefeeding. (Exp.II).

diet 1=grass ad libitum; 2= grass ad libitum and 150g
alfalfa; 3=z grass ad libitum and urea iso-N to 150g
alfalfa; 4= grass ad libitum and 300 g ad libitum; 5=
grass ad libitum and 150g alfalfa and urea iso-N to 150¢g
alfalfa; grass ad libitum and 450g alfalfa.

Standard errors of the means.

Diets! SE?

T 2 3 " 5 6
Total 85.982» 91,06» 79.77v¢c  75.59¢ 76.74bc T72.80c 3.3
Acetic 70.89 71.53 70.00 70.00 69.52 69.356 0.9¢
Propionic 17.35 17.09 18.12 17.72 17.97 17.60 0.6
A/P 4.10 4.22 3.99 4.03 3.93 4.02 0.1¢
Isobutyric 1.07 0.91 1.17 1.11 1.50 1.49 0. 2¢
Butyric 8.93 8.65 8.81 9.01 8.89 9.32 0.4l
Isovaleric 1.13¢ 1.132 1.3080 1.47® 1.50° 1.55¢® 0.1]
Valeric 0.62 0.68 0.60 0.69 0.62 0.69 0.0:

e e e e e e e e e e e G e e e A e e M e e e e e e e e e e e e e e e e e e e e et T A S e e e e Y . - . e e e e = = e = -

Means in one line with same superscripts do not differ P>.05.
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p TABLE 25 Least square means of total volatile fatty acid
concentration (mmol L-!), molar proportion of acetic,
propionic, butyric, isobutyric, isovaleric, valeric
acids (%X), and ratio of acetic/propionic (A/P) 1
h post feeding. (Exp.II).
Dietsg! SE2
1 2 3 4 5 6
Total 88.48 91.79 82.41 86.26 86.60 92,36 4.44
Acetic 67.69 69.29 69.71 67.23 68.27 66.00 1.4:<
Propionic 19.51 18.96 18.47 20.20 19.73 21.73 0.94
A/P 3.51 3.69 3.91 3.44 3.50 3.07 0.24
Iscbutyric 1.40 1.08 1.23 1.66 1.42 1.72 0.21%
Butyric 9.64 8.76 8.75 8.56 8.33 . 8.24 0.317
- Isovaleric 1.07 1.07 1.20 1.46 1.35 1.39 0.12
- Valeric 0.69.5 0.84ac 0,650 0.89¢ 0.90¢ 0.86c  0.0§

t diet 1=grass ad libitum; 2= grass ad libitum and 150g
alfalfa; 3= grass ad libitum and urea iso-N to 150g
alfalfa; 4= grass ad libitum and 300 g ad libitum; =z
grass ad libitum and ,150g alfalfa and urea iso-N to 150g
alfalfa; grass ad libitum and 450g alfalfa.

2 Standard errors of the means.
h

2abc Means in one line with same superscripts do not differ P>.05.
49

3

§
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TABLE 26 Least square means of total volatile fatty acid

concentration (mmol L-1), moler proportion of acetio,
propionic, butyric, isobutyric, isovaleric, valeric

. acids (%), and ratio of acetic/propionic (A/P) 3 h
post feeding. (Bxp. II).

Total
Acetic
Propionic
. A/P
Isobutyric
Butyric

‘: Isovaleric

Valerie

alfalfa;
alfalfa;

79.81» 96.72¢b 79.24» 95.36¢% 89.612> 90.152®

66.49 69.68 69 .94 68.55 71.48 66.91
20.46 18.84 20.42 19.32 17.24 20.84
3.33 3.78 3.43 3.62 4.27 3.29
1.27 0.91 1.27 1.27 0.88 1.27
10.09 8.82 9.69 8.46 8.49 8.65
0.93 0.83 0.99 1.14 0.95 1.28
0.76ab  0,92ac  0.69® 1.269 0.96¢ 1.284

3= grass ad- libitum and urea iso-N to 150g
4= grass ad libitum and 300 g ad libitum; =

grass ad libitum and 150g alfalfa and urea iso-N to 150g
| alfalfa; grass ad libitum and 450g alfalfa.

? Standard errors of the means.

abcd Means in one line with same superscripts do not differ P>.05.
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o TABLE 27 Least square means of total volatile fatty acid
concentration (mmol L-1), molar proportion of acetic,
- propionic, butyric, isobutyric, isovaleric, valeric -
acids (%), and ratio of acetic/propionic (A/P) 5 h

post feeding. (Exp.II). <
>
Diets 1 ) SE?
° 1 2 3 4 5 6
Total 83.98*> 92,674 78.87¢® 91.61a 93.97» 90,892 3.70
Acetic 69.46 69.14 67.39 68.32 70.01 67.73) 1.36
- Propionic 17.82 19.4% 20.33 19.56 18.73 29.06 0.96‘
A/P 4.74 3.56 3. 41 3.53 3.76 3.45 0.50
Isobutyric 1,14 0.79 1.11 1.22 0.82 1.11  0.20
Butyric 9.94 8.92 9.58 8.82 8.68 9.10 ~ 0.40
\
Isovaleric 0.86 0.79 0.88 1.901 0.86 0.89 0.09
! ~
E Valeric 0.78b4¢ 0.942cd (0,710 1.07a¢ 0.90b¢ 1.11e 0.07
1 diet 1=grass ad libit rass ad libitum and 150g
alfalfa; 3= grass ad um and urea iso-N to 150g
alfalfa; 4= grass ad libitum and 300 g ad libitum; 5=
grass ad libitum and 150g alfalfa and urea iso-N to 150g
alfalfa; grass ad libitum and 450g alfalfa.
* Standard errors of the means. @ '
abcd Means in one line with same superscripts do not differ P>.05.
-
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TABLE 28 Least square means of total volatile fatty acid
concentration (mmol L-t), molar proportion of acetic,
propionic, butyric, isobutyric, isovaleric, valeric ®
acids (X), and ratio of acetic/propionic (A/P) 5 h
post feeding. (Exp.II).

™ 2

Diets! SE?
1 2 3 4 5 6
/

Total 79.202¢b 88.18¢ 76.26a4d B6.51bc 84 ,11bcd 88, ,72¢ 2.80

Acetlc 68.65 69.41 69.27 69.94 70.38 67.79 0.92

Propionic 19.52 18.40 19.21 18.15 18.36 19.84 0.52

A/P 3.59 3.78 3.70 3.87 3.81% 3.46 0.11

i1sobutyric 0.96 0.78 1.00 0.87 0. 84 0.97 0.14

Butyric 9.56 9.71 9.15 9.20 8.77 9.58 0.52

Isovalerac 0.70 0.80 0.76 0.86 0.82 0.81 0.09

Valeric 0.65, 0.86b¢ 0.62e 0.97b¢c 0.82°b 1.00¢ 0.0¢

1 diet l=grass ad libitum; 2= grass ad libitum and 150g

alfalfa; 3= grass ad libitum and urea 1s0-N to 150¢g
alfalfa; 4= grass ad libitum and .300 g ad libitum; =
grass ad libitum and 150g alfalfa and urea 1s80-N to 150¢g

alfalfa

Y

; 8rass ad libitum and 450g alfalfa.

2 Standard errors of the means.

abc Means

1n one line with the same letter do not differ P>.05

c
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Least square means of total volatile fatty acid

SE?

2.16,

0.70

TABLE 29
@ concentration (mmol L-1), molar proportion of acetic,
propionic, butyric, isobutyric, isovaleric, valeric
acids (%), and ratio of acetic/propionic (A/P) 6 h
post feeding. (Exp.II).
Diets? }
1 2 3 4 é 5 6
Total 79.98*b 86.84c¢ 74.78a B3.46bc  82,17bc  85,39b¢c
Acetaic 69.18 69.53 69.01 70.36 70.05 69.07
Propionic 19.20 19.01 19.29 18.33 18.59 19.01
A/P 3J.66 3.67 3J.66 3.85 3.78// 3.64
' Isobutyric 0.75 0.75 0.97 0.82 0.80 0.76
Butyric 9.63 9.24 9.44 8.87 9.02 9.53
Isovaleric 0.61 0.70 0.67 0.77 0.77 0.74
o Valeric 0.,63ab 0.78¢ 0.628 0.84c 0.76b¢ 0.89¢
e e e e mm e
! diet 1l=grass ad libitum; 2= grass ad libitum 150g
alfalfa; 3= grass ad libitum and urea iso-N 150¢g
alfalfa; 4= grass ad libitum and 300 g ad libitum; 5=
grass ad libitum and 150g alfalfa and urea 1so-N 150g
alfalfa; grass ad libitum and 450g alfalfs.
? Standard errors of the means.

abc Means

/

e

in one line with same superscripts do not differ P>.05.
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TABLE 30 Least square means of total volatile fatty acid
concentration (mmol L-!), molar proportion of acetic,
propionic, butyric,isobutyric, isovaleric, valeric
acids (%), and ratio of acetic/propionic (A/P) 12 h
post feeding. (Exp.II).

Diets! SE?
o 2 3 s 5 6

Total ‘ 86.56 94.48 81.68 89.25 86.86 85.10 2.8

Acetic 69.05 69.00 70.01 70.04 70.46 69.17 0.8

Propionic 19.47 19.38 18.99 18.59 18.60 19.06 0.5

A/P 3.66 3.57 3.72 3.80 3.80 3.64 0.1

{ Isobutyric 0.78 0.66 0.62 0.68 0.64 0.70 0.0
% Butyraic 9.52 9.63 9.17 9.36 8.98 9.65 0.4
Isovaleric 0.52 0.61 0.57 0.62 0.64 0.68 0.0

Valeric 0.66 0.72 0.64 0.71 0.68 0.75 0.0

1 diet 1=grass ad libitum; 2= grass ad libitum and 150g
alfalfa; 3= grass ad libitum and urea iso-N to 150g
alfalfa; 4= grass ad libitdm and 300 g ad libitum; 5=
grass ad libitum and 150g alfalfa and urea iso-N to 150g
alfalfa; grass ad libitum and 450g alfalfa.

2 Standard errors of the means.
PQ
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were affected by diet. Total VFA levelskprefeeding tended to
be higher ’for the 150g alfalfa supplement yvs the
unsupplemented diet and was significantly higher vs all
other diets. The other alfalfa supplemented diets (4 and 6)
resulted in higher total VFA concentration vsg diet 1 with no
difference among them. Replacing half of the 300g alfalfa by
a 1s80-N source of urea did not affect prefeeding total VFA
as demonstrated by the lack of difference between diet 4 and
5. However, substitution of the 150g alfalfa by urea
si1gnificantly reduced total VFA prefeeding . P;efeedlng, the
percentage of 1sovaleric acid was significantly higher for
diets 4, 5 and 6 which were the higher N supplements . When
150g alfalfa was replaced by 1s80-N urea or when half the
300¢g alfalfa was replaced by urea no difference was
observed. At 1 h post feeding, diet effect on total VFA
concentration and 1sovaleric acid was eliminated. The
percentage of valeric acid was significantly higher for
diets 4, 5 and 6 vs diet 1 with no difference among thenm.
replacing 150g alfalfa by urea was accompanied by a decrease
1n percentage of valeric acid.

At 3 h post feeding total VFA showed a ;ignificanaadiet
effect with values for diets 1 and 3 lower thanm values for
diets 5 and 6. Thus 150g and 300g alfalfa supplemented diets
had the highest total VFA concentration at 3 h post feeding
compared to the u&g%pplemented diet. Replacing 150g alfalfa
by urea significantly reduced total VFA, however, no effect
was observed by replacing half the 300g alfalfa, The

—_
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alfalfa addition to urea (diets 5 wvs 3) did not

significantly affect total VFA, additionnally a simple urea

Ve
supplement (diet 3), could not alter total VFA concentration

v8 timothy hay given alone. The percentage of valeric acid -

at 3 h post feeding was higher when an alfalfa supplement
of 150g was given compared to urea alone. The urea infusion
tended to decrease the percentage of valeric acid vs the
ungsupplemented diet while alfalfa tended to increase it. The
highest percentage of valeric acid was obtained when diets 4
and 6 were fed (higher level o% alfalfa supplementation)
with no difference among them. Adding some urea to 150g
alfalfa did not alter the percentage of valeric acid, but
the percentage of valeric acid was increased when alfalfa
was added to urea diets 5 vs 3.

At 4 h post feeding the effect of diet on total VFA
concentration was eliminated (P<.06), with diets
supplemented jwith alfalfa tending to have greater total VFA
and the urea supplement of diets 2 and 5 tending to decrease
the value vs the unsupplemented basal diet. The percengage
of valeric acid was incregﬁed by alfafa supplemented diets
with no difference among them. Replacing alfalfa by urea did
result in lower valeric acid in diet 2 vg 3 with the urea
containing diet tending to be lower compared to diet 1,
Adding wurea to 150g alfalfa (diet 5) did not alter the

\

percentage of valeric acid compared to only alfalfa

supplementation.

At 5 h post feeding total VFA were highest for 150g and
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450g alfalfa vs diet 1. The 300g supplement also tended to
be accompanied by higher-total VFA. Again, urea instead of
alfalfa caused a decrease in total VFA while the urea
supplemented diet tended to result in lower VFA vs the
control. No effect of substituing half of the 300g alfalfa
nor adding alfalfa to urea or urea to alfalfa was observed.
The percentage of valeric acid was i1ncreased by alfalfa
supplementation compared to no supplement or to urea. No
difference between diets 4 and 5 was found.
At 6 h post feeding alfalfa supplemented diets
resulted i1in higher total VFA with no difference among them.
. Replacing 150g alfalfa by urea caused a decrease 1n the VFA
concentration with diet 3 tending to be lower than diet 1.
Combining alfalfa and urea yielded similar results as
alfalfa alone but higher then urea alone. No effect of
replacing half the 300g alfalfa by urea on total VFA at 6 h

post feeding was observed. Diet had a significant effect on

percentage ofvaleric.acid 6 h post feeding, with alfalfa
supplement resulting in significantly greater values than
no supplement or urea alone with no difference among the
levels.

No significant diet time interaction was found for any
of the acidas. Time effects are in Appendix B. |

Rumen pH

Diet effect on rumen pH was significant only prefeeding
and at 1 and 12 h post feeding. LS means generated are

'QE} presented in Table 31. Prefeeding rumen pH values were lower
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TABLE 31 Least square means

of the average rumen pH at different

times prefeeding and post feeding. (Bxp.II).
Diets 1! SE?
1 2 3 4 5 6

Prefeeding
pH 6.542 6.46» 6.73> 6.75®b 6.87b 6.77% 0.06
1 hour post feeding
pH 6.46» 6.45a 6.87® 6/58» 6.88®t 6.69> 0.07
Three hours post feeding
pH 6.45 6.35 6.56 6.51 6.61 6.51 0.06
Four hours post feeding
pH 6.38 6.33 6.56 6.46 6.57 6.44 0.06
Five hours post feeding
pH 6.43 6.34 6.40 6.47 6.48 6.45 0.06
Six hours post feeding
pH 6.35 6.27 6.45 6.49 6.46 6.43 0.06
Twelve hours post feeding
pH 6.18ad 6,07» 6.27b¢ 6.43¢ 6.33vc 6.42¢ 0.06
1 diet 1=grass ad libitum; 2= frass ad libitum and 150g

alfalfa; 3= grass ad libitum and urea iso-N to 150g

alfalfa; 4= grass ad libitum and 300 g ad libitum; =

grass ad libitum and 150g alfalfa and urea iso-N to 150g

alfalfa; grass ad libitum and 450g alfalfa.

2 Standard errors of the means.

abec Means in one line with same letter do not differ P>.05

3:‘
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for diets 3, 4, 5 and 6 vs8 1 and 2 with no difference among
diets 3, 4, 5 and 6 nor 1 and 2.

At 1 h post feeding, pH was greater (P<.0005) for diets
3 and 5 compared to all others with no difference between
diets 3 and 5 or between diets 1, 2, 4 and 6.

At 12 h post feeding diet effect on rumen pH was
gignificant (P<.004). The two highest alfalfa supplements
resulted 1n significantly higher pH compdared to the
unsupplemented diet. Supplementing 150g alfalfa vs urea was
parallelled by lower pH. The 150g alfalfa supplemented diet
had lower pH compared to all other supplemented diets with
no difference among the others. Rumen pH for diet 2 was not
different then pH for diet 1 at 12 h post feeding.

Rumen ammonia

The effect of diet on rumen NH; was significant
prefeeding and at 1, 3, 4 and 12 h after the morning
feeding. LS means are in Table 32. Prefeeding ghhd at 1 h
postfeeding rumen NH; concentration was greater for diets 3
and 5 containing urea vs all others. No difference between
diets 3 and 5 or between others were found.

At 3 h post feeding the highest rumen ammonia
concentrations were stili obtained for diets 3 and 5 with no
difference between them. Diets 4 and 6 ( 300 and 450g
alfalfa) showed higher NH; concentration vs the control with
no difference between them. The 150g alfalfa supplement
tended to increase rumen NH; compared to the unsupplemented

s N
diet. Iso-N supplementation of urea instead of alfalfa
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‘[: TABLE 32 Least square means of rumen ammonia concentrations (mg dL-1!)
at different times prefeeding and post feeding. (Exp.II).

Diets! SE?
1 . 2 3 4 5 6
Prefeeding
Ammonia 11.49» 13.20a 20,44°® 14.192 20,28® 12.41» 1.90
1 hour post feeding
Ammonia 12.73» 15.09a 33.43® 17.37» 34.98»b 16.86» 2.69
Three hours post feeding
Ammonia 11.97a 14,77ab  23,44c 17.070 23.,59c¢ 17,53 15,02
Four hours post feeding
Ammonia 9,562 12,43ab>  16,89bc  15.62® 22.00¢ 16.16b¢c 2,05
Five hours post feeding
Ammonia *9.96 12.45 13.48 18.20 15.13 12.63 2.48
Six hours post feeding
Ammonia 8.75 10.64 12.18 10.87 12.72 12.32 11.02
(; Twelve hours post feeding
Ammonia 9.253ab 10.24» 9,93 10.43b¢  11.15¢ 10.183bc 5,86

1 diet 1=grass ad libitum; 2= grass ad libitum and 150¢g
alfalfa; 3= grass ad libitum and urea iso-N to 150g
alfalfa; 4= grass ad libitum and 300 g ad libitum;{ 5=
grass ad libitum and 150g alfalfa and urea iso-N to 150g
alfalfa; grass ad libitum and 450g:alfalfa.

2Standard errors of the means.

abcd peans in one line with same letter do not differ P>.05
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significantly increased the rumen NH, concentration at 3 h
feeding a8 can be seen by comparing diets 2 and 3 and, 4andg
5. At 4 h post feeding for all supplemented diets except
diet 2, NHs concentration was still higher then the
ungupplemented diet.

Both urea containing diets resulted 1in greater
concentration of rumen NHs compared to diet 1. When timothy
was supplemented with urea alone rumen ammonia was not
different vs an 1so-N supplement of alfalfa at 4 h post
feeding nor were the 180-N diets (2 and 3) different from
the higher N containing diets (4 and 6). The combination of
150g alfalfa and 1s80-N quantity of wurea did alter NH,
concentration compared to wurea alone . Rumen NH3a
concentration was higher for the 300 and 450g alfalfa
containing treatments vs the unsupplemented diet.

At 5 and 5 h post feeding the effect of diet on rumen
NH; was nil. However, 12 h podt feeding diet effect again
became significant. No difference between iso-N diets were
noted. Diets 4 and 5 both resulted in higher rumen NH; vs
the lower N supplement of diets 2 and 3. Rumen NH;
concentration of any of the alfalfa containing diets were
similar to the unsupp)emented diet. Level for diet 6 was
similar to the concentration for all other diets at~ 12 h

post feeding.

4.3.h Blood parameters
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TABLE 33 Least square means of average plasma urea nitrogen (PUN)
(mg dL-1) at different times prefeeding and postifeeding.

(Exp.II).
rDiets! [/ SE?
1 2 3 4 5 6
prefeeding
9.63 10.50 11.68 12.27 12.32 12.35 0.90
One hour postfeeding
11.49» 11.89ab 14 .06bc¢ 14.65¢ 14.16b¢ 15.77¢ 0.87
Three hours postfeeding
12.23 12.55 14.32 15.45 16.59 14.34 1.19
Four hours postfeeding
12.662 712.91aeb 16.61b¢c 15.65abc 18,13¢ 14.19»*0 1.31
Five hours postfeeding
13.43 13.58 14.58 18.26 17.75 14.64 1.51-
Six hours postfeeding \
14,492 11.65a 13.67a 14.92a 18.49»b 13.252 1.28
Twelveg hours postfeeding .
9.62 9.35 9.35 12.%5 12.87 12.05 0.97
1  diet 1=grass ad libitum,; = grass ad libitum and 150g
alfalfa; 3= grass ad libitum and urea iso~N to 150g
alfalfa; 4= grass ad libitum and 300 g ad 1libitum; =
grass ad libitum and 150g alfalfa and urea iso-N to 150g -

alfalfa; grass ad libitum and 450g alfalfa.

2 Standard errors of the means.

abc Figures of a line with the same letter do not differ P>.05
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' Plasma urea N (PUN)

LS mean; are presented in Table 323. The effect of diet
was- not significant prefeeding or at .3 or 5§ h postfeeding.
Only trends were noted at these time;.

At 1 h postfeeding, PUN was greaier for all
supplemented diets except diet 2 vs the unsupplemented
timothy hay with no difference between diets 3, 4, 5 and 6.
PUN was not affected by urea supplemeﬂtation compared to
igso-N amount of alfalfa. ‘

At 4 h post feeding PUN was significantly elevated for
urea containing diets compared to diet 1. However, f;r none
of the alfalfa containing diets was PUN higher than for diet
1 and no difference among these treatments were noticed. PUN
was not different among 1so0-N diets. However PUN for diet 5
was greater than diet 2 indicating that the combination of
alfalfa and urea resulted in higher PUN vs alfalfa alone but
the similarity of values for diets 5 and 3 indicated that
the combination was same as urea alone. A tendency for PUN
to be elevated for diets 4 and 5 was noted at 5 h post
feeding. At 6 h post feeding PUN was significantly higher
for diet 5 compared to all others with no difference
between the latter.

No significant interaction of diet and time was
observed for PUN. The time effect was significant and LS
means are in Appendix C.

Plasma glucose

Plasma glucose was measured at the same times as PUN.

\
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The effect of diet was not significant at any times nor was
the diet time interaction (Table 34) . The time effect was

7
significant and LS means are in Appendix C. ? .

4.3.1 Rates of DM disappearance

The rates of DM disappearance for timothy hay incubated

ruminally in nylon bags were calculated from the regression

of the natural logarithm of the percentage loss of DM with
time. The effect of the host diet being highly significant
(P<.0001). LS means were generated to compare the

differences between diets and results are presented in Table

35. Rate of DM disappearance was significantly higher when
the sheep were fed diet 6 compared to any other one. Diets 3
and 5 resulted in similar rates of DM disappearance which
were gsignificantly lower than rates for diets 1, 2, 4 and 6.
No difference was noted between diets 1, 2 and 4. Thus among
the diets supplemented with alfalfa and no urea, only the

450g alflfa resulted in higher rate of DM disappearance

| compared to diet 1. It can also be seen that replacing 150g

alfalfa by iso-N quantities of urea resulted in lower rates

of DM disappearance. The combination of alfalfa and urea K

- -y

(diet 5) significantly reduced the rate of disappearance vs

alfalfa alone but was similar to urea alone.

c
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0 TABLE 34 Least square means' of average piasna. glucose (mg ml-1)
at different times prefeeding an@ postfeeding.(Exp.II1).

Diets!? SE?
1 2 3 4 5 6
Prefeeding -
70.04 69.06 6€8.85 66.98 68.87 66.56 3.2¢(
One hour postfeediq% ' .
64.43 65.02 60.65 68.40 59.23 58.81 2.7¢
Three hours postfeeding y
70.19 72.23 * 66.89 64.51 , 68.17 - 65.06 2.6¢8
Four hours pcstfeeding .
75.64 75.99 67.04 62.14 65.46 72.06 4.
Five hours postfeeding’
65.05 70.08 66.80 64.38 74,02 76.42 3.19
Six hours postfeeding
”~ 72.24  62.32 68.62 163.51 69.41  67.21 3.7%
-
Twelve hours postfeeding
70.81 66.39 69.08 70.19 64.59 57.03 3.79

! diet 1=grass ad libitum; 2= grass ad libitum and 150g
alfalfa; 3= grass ad libitum and urea iso-N to 150g
alfalfa; 4= grass ad libitum and|{ 300 g ad 1libitum; =
grass ad libitum and léQg alfalfa and urea iso-N to 150g
alfalfa; grass ad libitum and 450g alfalfa. g

2 Standard errors of the means.
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TABLE 35 Least square means of the rates of dry matter
disappearance from nylon bags. (Exp.2).

Diets @
R < s 6
%/hour 2.0 2.1» 1.9® 2.12 1.8b 2.6¢
SE? 05 05 .05 05 07 08
: "diet 1l-grass ad libitum; 2- grass ad libitum and 150g
alfalfa; 3= grass ad libitum and urea iso-N to 150g

alfalfa; 4= grass ad libitum and 300 g ad libitum;  5=-
grass ad libitum'and 150g alfalfa and urea 180-N to 150g
alfalfa; grass ad libitum and 450g alfalfa.

1Standard errors of the means.

ave Figures with the same letter do not differ P>.05

159




S Rt g ENS- LY b4 ptr et
R WS A TR REE SO R Gl Sl o e SR A ke
. b R

4.4 DISCUSSION

@ 4.,4.a Forage composition \
"a

The composition of the forages are presented in Table
15. The forages DM contents were slighly lower than the 89-
90% figures reported by NRC (1985) for alfalfa and timothy
hays but comparable to the 88.3 and 88.5%‘gM of fescue and
alfalfa hay shown by Hunt et al (1985). The CP content of
the timothy hay (9.95%) corfesponded to the CP of suncured
midbloom timothy hay (NRC 1585) and was higher than the CP
of the timothy hay reported by Baker (1969) but lower than
for Champ timothy and Climax timothy hay (10.9 and 11.4%) o

reported by Seoane et al (1981). Regarding th% alfalfa hay

the CP content (17.6%) was higher than the hay used 1in the

4.2

first trial indicating an earlier stage of maturity and

related to suncured hay between late vegetativeﬁkgnd early
bloom stage. The figure was similar to the ea;ly bloom
alfalfa hay of Baker (1969) at 17.0%, and Saranac alfalfa .
(17%) reported by Seoane et al. (1981). The % ADF of timothy
hay (44.6%) was similar to values of Baker (1969). The % ADF
of the alfalfa hay (34.6%) was about 10% lower then the
alfalfa of Trial 1 again due to earlier maturity but
corresponded to values of Hunt et al (1985) and Varga and

Prigge (1982)., Alfalfa content of ash corresponded to

percentage ash in Saranac alfalfa (Seoane et al.) (1981),

as did the perceﬁ%age ash in timothy hay.

{} As for Trial I, ADF-N were low indicating that no heat

160




damage had occurred for either forage.

The alfalfa hay was also analyzed for calcium (Ca),

phosphorous (P) and magnesium (Mg).

4.4.b Legume intakes

The intakes of alfalfa differed befween diets as
intented in the design of the experiment. The similarity
between alfalfa hay intake of diets 2 and 5 confirmed that
the same supplementation was given. When intakes were
corrected for body weights alfalfa intake of diets 4 and 6

were twice and three times greater than intakes of diets 2 -

and 5.

4.4.c Increasing levels of alfalfa supplementation

1

Grass DMI in g kg-! as well as g kg-! W73 were

significantly affected by diet. Note that absolute numbers

4

for grass DMI and TDMI were within the same range as
reported for Trial 1 and thus similarly compared with
figures found in the litterature for intakes of alfalfa and
grass forages. Comparable ranges of intakes were shown bf

Reid et al (1987), Corbett et al (1979), Cruickshank et al

(1985).

None of the supplement caused any significant increase

or decrease in grass DMI when compared to the unsupplemented Ak

diet thus, the subsequent effects on TDMI were due to, as iM
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Trial I to the intakes of the supplements per se. This
indicated that the animals did not substitute the legume f?r
the grass hay entirely. This non-substitution phenomenon had
been demonstrated earlier.

Moseley and Jones (1979) feeding clover or ryegrass to
sheep ad 1libitum, or ryegrass ad lib or a 2:1 mixtutre of
ryegrass clover (approximatively 33% clover) observed 50%
increase in TDMI when clover was fed vs ryegrass and a 67%
increase (624g vs 931g) when the mixture was fed vs grass
alone, By simple <calculation, and assuming that the
percentage of legume consumed by the animals was the same as
the percentage 1n the ration, it can be seen that sheep
consumed 621g of grass when given the mixture indicated no
substitution. Similarly Hunt et al. (1985) feeding alfalfa
tall fescue combinations to sheep observed increases in TDMI
from 537g hen animals were offered fescue alone vs §95g
when a 25% alfalfa fescue mix was fed. Thus on the mixture
animals stil consumed 521g of fescue 1indicating no
substitution. Note however that as the percentage of legume
increagsed past 25% grass intake decreased. In fact, the
results of this trial showed a tendency for sheep to consume
less timothy hay as the amount of alfalfa hay supplemented
increased from 150g to 300g (as fed) and consumed
significantly 1less grass hay when given the 450g alfalfa
compared to 150g. \Overall, grass DMI tended to be increased
by the lowest N supplementation level (diets 2 and 3) and

decreased by the two highest (diets 4, 5 and 6) vs the
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control (diet 1).
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Compared to the unsupplemented diet all 1levels of
alfalfa supplementation resulted in significantly higher
TPMI in g kg-1 QT;G. As previously before, the positive
effect of supplemnting alfalfa on TDMI is well recognized
(Hunt et al. 1985, Moseley and Jones 1979, Paterson et al.
1982) However, in the ©present trial no s8ignificant
difference was observed between levels of supplementation

3 indicating that although non significant, the trend toward

decreased grass DMI was of importance supporting the

increased substitutuion shown by Hunt et al. {1985) as
g
% alfalfa level increased. The phenomenum however occurred at
% lower percentage of alfalfa vs the previous study. This
i ‘: ‘ could be due to the lower CP of the fescue of Hunt et al
{1985) compared to timothy hay and lower intakes observed
for their lambs (16.3 g kg-! for fescue alone and 21 g kg-1
for 25% alfalf%). Interestingly, none of the supplements
altered the digestibility of DM or ADF vs the unsupplemented
diet. Again, this was contradictory tc previous results of’
Hunt et al (1985) who observed decreased NDFD as alfalfa
increased from 0 to 25%, Moseley and Jones L1979) who
~~—
observed lower cellulose and hemicellulose digestibii@ﬁjes
hen clover and grass were mixed vs grass alone under ad 1lib
feeding conditions. However, intakes differed tremendously
across experiments as well as level of supplementations
being respectively lo;er and higher in the mentioned
studies. These could be counfounding factors.

|
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Despite higher ADFI and similar digestibility for
supplemented vs unsupplemented diets digestible ADFI (DADFI)
only tended to increas as alfalfa Bupplementatio;
increased. The increased ADFI parallelled by greater TDMI
and similar DAbFI indicated that ADF content of the grass

was not limiting voluntary consumption. It cannot either be

stated that it was the major driving force for the increased

DMI since DADFI was not affected. Similar patterns were
obgserved for DMD and digestible DMI (DDMI). Animals fed an
all grass diet‘xg supplemented diet had similar amounts of
digestible DM and ADF available, and thus some other
nutrient must have caused the greater intake of alfalfa.

The palatability effect has been eliminated in Trial I

for the lowest supplementation level so the animals must

)

have responded to another physiological signal. As in Traial
I reticulorumen distension seemed an unlikely cause since
rates of DMD measured from nylon bags were not similar for
supplemented diets resulting in similar TDMI (ie. diets 2 vs

»

6 and 4 vs 6. Rather then causing increased TDMI the

altered rates of disappearance may have resulted from the
altered digestive conditions caused by the differences in
intake, which may not be equivalent for all intakes. Note
that the increased DM disappearance observed with the
highest supplement compared to the unsupplemented diet or
other 1levels of alfalfa supplementation agreed with the
results of Ndlovu and Buchanan-Smith {1985) who observed

‘E’ faster DM disappearance of barley straw and bromegrass
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measured with in sacco when supplemented with 30% alfalfa,

Rate of DM disappearance was also increased by alfalfa
supplementation of fescue (Hunt et al 1985). However none of
these studies considered supplementation levels between 0
and 25 or 30% as in the present trial, at which points the
supplements may have had beneficial effects on TDMI without
causing or requiring altered rates of disappearagce or
passage. Thus, improved TDMI caused by alfalfa
supplementation cannot be explained by increased ADFD nor
DMD nor rates of DM disappearance at least not for 150, 300g
supplements.

Alfalfa supplementation regardless of its level caused
significant increases in CPI as well as digestible CPI
(DCPI) over the unsupplemented diet. CPI in g kg-! or g kg-?
W 7% were significantly higher with no difference in grass
intake, thus, indicating that the extra CP eaten was
supplied by the alfalfa. The trend, however, for decreased
grass intake between diets 2 and 4 may explain the non-
significant difference among these diets in CPI. The greater
increase in CPI was observed for diet 6 being superior to
all others and was also the diet that tended to have the
greatest TDMI. The diet effect on CPD was not significant
(P<.07) but the values tended to be increased by alfalfa
supplementation resulting in significantly higher DCPI for
the alfalfa supplemented diets vs the unsupplemented diet.
Apparent digestibility of CP was not studied by previously

mentioned authors, therefore it is difficult to compare the
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results obtained. 8ince apparent digestibility of CP can be
affected by endogeneocus N secretion as well as different N
recycling under different dietary conditions and different

degrees of bacterial contamination being especially

"~ important here after the description of how CP supplements

can affect N bacterial flow to the intestines in previous
sections. It is difficult to discuss the effects of diets on
DM1 based on DCPI.

Note that although non significant, all levels of

alfalfa tended to increase CP retention i1ndicating the the

increased CPI was not negated by an increased excretion.
Alfalfa could have caused higher TDMI via an improved CP
status of the host.

The total VFA concentration as well as molar
proportions of acetic, propionic, butyric, isobutyric acads
did not differ between diets containing alfalfa at any time.
Total VFA concentrations were greater for diets 4 and 6 vs 1
andnfor diets 2 and 4 vs 1 at 3 h post feeding, for diets 2
and 6 vs8 1 at 5 h post feeding, for diet 2 vs 1 at 6 h post
feeding. These differences 1in total VFA concentrations
indicated enhanced fermentation for alfalfa containing diets
ve the unsupplemented diet with the time pattern being
different between levels of gupplementation suggesting that
alfalfa effect on DMI may have been partly mediated by a
more efficient use of the fiber resulting in more energy

available to the host. The magnitude of fhe increased fiber

digestion appeared highest for the 1lowest suplementation
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level. In all cases no major alteration in bacterial

population types seemed to have occurred since molar
progortions of the major VFA were the same at all times. But
it Jis important to remember that this apparently enhanced
fiber wutilization could be an artefact of =a parallel
increased TDMI.

From these results it cannot be ensured that fiber was
fermented more efficiently as alfalfa level increased. It
would be contradictory to the lack of increase in DDMI and
DADFI observed ddspite greater DM and ADF intakes. Results
of Ndlovu an uchanan-Smith (1985) using restricted feeding
did not obseryed any increase in total VFA concentrations
when alfalfa was supplemented. The results of Brandt and
Klopfenstein (1986 C)ﬁ however, did indicate higher VFA when
20% alfalfa was supplemented to ammonia cobs at equal
intakes. The ammonia concentgation in rumen post feeding
reached levels much greater than in our study or Ndlovu and
Buchanan-Smith (1985) study and may be a confounding factor
since ammonia is required for cellulolytic bacteria.

The latter authors observed no difference in the molar
proportions of individual VFA when alfalfa was supplemented
except for the BC-VFA. In the present study only valeric and
isovaleric acids were found to be altered. Isovaleric acid
(%) was significantly higher for diets 4 and 6 vs 1 and 2 at
1 h post feeding, percentage of valeric was higher for diets
4 and 6 vs 1 prefeeding and at 3 and 4 h post feeding, and

for diets 2, 4 and 6 v8 1 at 5 and 6hrs post feeding. Thus
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for all levels of 'alfalfa supplemented, increases in
percentage of valeric and for diets 4‘and 6 in percentage of
isovaleric ys8 unsupplemented diet were noted at some point
in time. The higher ¥ BC-VFA and its precursor indicated
that alfalfa supplementation caused an increased production
due to its own composition or that it enhanced the release
and production fr?m<the grass forage. These compounds are
esgential growth factors for certain rumen bacteria and
could have improved growth of these bacteris, their
efficiency at utilizing fiber although controversial here,
or their efficiencyiat synthesising proteins. The lissue
cannot be closed frog)the present results.

BC-VFA could be one mode of action of alfalfa
supplement although their mechanisms of action cannot be
determined from th® present results. No{; that higher
percentage of BC-VFA could also be 1indicative of an
accumulation vs other acids and a reduced efficiency of
microbes or requirements of microbes for these acids
potentially because of more preformed amino acids supplied
by the alfalfa.

Rumen pH showed some effects of diet prefeeding and at
12 h post feeding being in both cases higher for diets 4 and
6 v 1 and 2 and were not different at any other times.
Rumen pH values were always between 6 and 7 therefore it is
unlikely that this parameter had affected the pattern of

fermentation. It could also be stated that diets were not

different enough to alter rumen pH again supporting similar

- 4
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fermentation patterns. Ndlovu and Buchanan-Smith (1986) did

not observe any variation in pH due to alfalfa, with their
figures ranging from 6.54 to 6.88.

Rumen NHs concentrations were significantly higher for
diets 4 and 6 vs 1 at 1 , 3, 4 h post feeding and
congistently tended to'%e greater on diet 2 vs 1 indicating
a greater NHs; supply resulting from alfalfa supplementation.
The greater concentration could have been caused by higher
intake due to alfalfa since grass intake was similar,
alternatively other factors in alfalfa may have enhanced NH;
production from grass proteins or, from greaéer N recycling.
The source cannot be determined from the results and may
alsc be a combination of all these. However the important
factor 1is that rumen NH; was effectively increased by
alfalfa supplementation. As BC-VFA are an important factor
for cellulolytic bacteria activity and protein synthesis,
alfalfa could have played a role in the increased TDMI. The
level of NAN in the rumen was not monitored, thus, the
effect of alfalfa supplementation on amino acid availability
cannot be discussed. However, it can be hypothesized that
alfalfa caused a greater microbial synthesis and a greater
total NAN flow to the duodenum improving the N status of the
host as suggested from results of the N #dalance study. Note
;lso that for diets, 1, 2, 4 and 6 rumen NH; never reached
the 21 to 30 mg dL-! required for maximal microbial
synthesis and never was below the 5 mg dL-! which is the:

minimum NHs required for maximal growth. If the latter was
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achieved then it wag most probable that beneficial effects
were mediated via an increased protein synthesis. 8ince
rumen NHs; only tended to be higher for diet 2 vs 1 but was
never significantly different, the higher TDMI observed for
diets 2 vs 1 must have been mediated by some other nutrient
supplied by‘the alfalfa with the NH; requirement of microbes
in face of other nutrient availability being met. It also
indicated that meeting rumen NHs; regquirements may be
important but not the only factor involved in obtaining
maximal DMI . Brandt and Klopfenstein (1986 b,c)
demonstrated that several fractions or several nutrients in
alfalfa were able to increase DMI of ammoniated cobs to
different extents. Among the alfalfa fractions that caused
higher DMI were alfalfa fiber, Jjuice containing all solubles
as well as deproteinized juice. The protein coagulum could
not } improve DMI which could be related to a denaturation of
the proteins occurring upon heating. These results
demonstrated that in fact other fractions than the N could
play a role in increasing DMI.

The importance of the CP/Energy ratio has been
emphasized by Oldham and Smith (1982) and Oldham (1984) as
well =as the importance of supplying readily available
carbohydrates to ensure efficient use of NH;
Johnson 1976). The animals consuming only7 grass could have
had enough NHs; available but we;e laéking otiner nutrients as
amino acids, minerals or soluble carbohydrates to use it

efficiently. These nutrients were supplied by the alfalfa

L3
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supplements.

Although no diffgrence in TDMI nor grass DMI among

supplements was found grasi intake tended to decrease
probably Dbecause alfalfa had better balanced nutrients for
the animals.

4,4.d Iso-N supplementation of urea vs alfalfa

Replacing the 150g (as fed) alfalfa by iso-N amounts of
urea diet 2 v8 3 and 4 vs 5 did not cause any decrease in
grass DMI. As for Trial I, although not significant here,

v TDMI of diets containing urea tended to be lower wvs their
iso-N alfalfa containing diet probably only because of their
lack of alfalfa DM. Grass intakes were not increased to

‘: compensate because the absence of alfalfa also meant the
absence of stimulatory compounds. Therefore N was not
enough, further supporting results of Brandt and

Klopfenstein (1986b, c) as well as conclusions from

comparisons among different levels of alfalfa. Note that the
requirement of some alfalfa nutrients other then N in order SN
to increase TDMI was illustrated by the lack of difference
in TDMI between diets 1 and 3, as well as between diets 5
and 2. ‘The latter comparison indicated that Yncreasing N
supplementation by adding some urea could not cause
increases in DMI greater than the alfalfa alone. The non
effect of urea on TDMI supported the earlier conclusion as
to ammonia not being the limiting factor. The DMD of the

unsupplemented diet was not affected in any way by urea
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supplementation nor was the resulting DDMI. Since intake and

digestibility remained unchan;ed it is normal that no effect
wag observed on DDMI.

ADFI was increased by urea aupplemeﬁtation reflecting
the trend in TDMI but no difference in digestibility nor
DADFI was noted. Total VFA con;entration was not higher at
any time postfeeding for urea contaiﬂing diets Vs
ungupplemented diet and, trends toward lower concentrations
specially when wurea was the only supplement were observed
prefeeding and at 1 and 4 h post feeding suggesting some
potential ~adverse effects of urea on rumen fermentation.
These depressing effects were reflected in lower rates of DM
disappearance for urea containing diets vs all others even
their iso~N alfalfa containing counterparts.

’ A relation between the above parameters and higher
rumen ammonia prefeeding and at 1, 3 and 4 h post feeding
exists since Brandt and Kopfenstein (1986a) observed in some
instances significant negative correlation between rumen NH3
and NDF and DM digestibilitiga. High ammonia levels were
also shown to negatively affect rumen motility (Bueno et al
1977 ). In the present trial, DM disappearance was depressed
when the diet contained urea. Lower rates of DM
disappearance could in turn affect rates of passage.
Alﬁhough thig parameter was not monitored here and showeg
variable results in Trial I, it has been demonstratéd“ that

decreased rates of passage have deleteripus effects on rumen

bacteria efficiency and favar growth of protozoa (Van Soest

/
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1982).’ More protozoa would cause more bacterial-N to bé
recgcled thus less available to the host. More protozoa
could also mean lese carbohydrates for efficient wuse of
ammonia s8ince protozoa ;re good carbohydrate scavengers
(Veira 1986). This could explain why adding some alfalfa to
urea could alleviate depressing effects of urea.

An increased N recycling via protozoa or other
mechanidms would Be supporzed but the fact that CP retention

tended to be higher with urea containing diets compared to

their 1iso-N alfalfa containing counterparts. The greater N

-
)

retention could also be an artefact of lower endogeneous

S

secretion or bacterial contamination.

The higher NH; concentrations 1in the rumen were
parallelled 1in some instancés by higher PUN and these two
were not related to any beneficial effects on DMI nor DMD.

Al?hough comparing .iso-N supplemen%s also eliminated
NH» as the mode of action of alfalfa since in both cases
diets _ 2 vg 3, diets 4 vs 5, rumen NHsy concentrations were
) .
signifﬁcantly higher pfegeedin; and at 1 and 3 h post
feeding and did not r#sult in increased DMI a reverse trend
was indeed observed.

%%rial _}&/demonsyrated that there was no benefit of
spreading N supplementation through the day, this conclusion
plus the additional observation that rumen NHs concentration
never approached toxic levels suggested that the tendency *

for wurea to have depresgsing effects vs alfalfa was not

caused by an inappropriate release of N in the rumen.
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”Dﬁl were not different between urea and alfalfa
auppl,emem::'!r énd -N"thus 'siailar'quant}ties of energy were
available for rumen fermenfation. The patterns of release of
N and DE, however, may have beeﬁ diffef;;t and not 91wé§s
optimal for urea containing diets. Sheep could not have
corrected the problem by increasing their intake of gra;s
hay explaining the lack of improvement in DMI when urea was
supplemented. X

A role for BC-VFA as suggested earlier and by Ndlovu
Buchanan-Smith (1985) cannot be eliminated since for)diet 3
vs diet 1 at any times there was no difference in percentage
of valeric acid, percentage of isovaleric, percentage of
isobutyric parallelled by similar intakes. However,
comparing iso-N diets (2 vs8 3), ©percentage of valeric acid
was lower at 1, 3, 4, 5 and [; h post feeding for diet 3, and
comparing 4 and 5 lower at 5 hrs post feeding. In both cases
trends for 1lower DMI were observed. The effect appeared
greater for the lower supplement perhaps indicating that at
300g (as fed) alfalfa requirements for these were met
explaining the previously reported similarity between intake
on 150 and 300g supplemented diets.

The combination of, alfalfa and wurea (diet 5), not
improving DMI over the urea alone or unsuppleyented diet
suggested again a deleterious effect of too much’NHs sinée
alfalfa alone had caused increased TDMI. This effect could
be ’dLe“to an inappropriate CP/E ratio or inadequate supply

¢ N
of carbohydrates or negative N balance. It certainl 8
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suggested that alfalfa effect
only by its amino acid perhaps
;ere fulfilled, or not enough
to be beneficial to the host.

alfalfa may not be adequate to
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S o 4 ”
A urga supplementation iso-N to 150g (as' fed) of ’

alfalfa did not cause ahy iﬁprovement in TDMI of mature
» sheep offered timothy hay ad libitum, despite higher ruminal 7

" NHa concentrations. These results allow to ‘conclude that
with such a basal diet, NHs; was not a limiting factor for
DMI. It may in fact have had deleterious effects on fiber
digestion as'indicated b& the tendency of VFA 'concentration
to be lower when urea replaced iso-N amounts of alfalfa. The
depressipg efféct of urea could also relate to its lack of
supply of BC-VFA vs alfalfa, with the percentage ‘of BC-VFA

being significantly lower at several times post feeding. The

deﬁ}essing effect of urea was also observed when alfalfa was
supplémented simultaneously, the latter probably being »
- unable to establish proper carbohydrate/N ratio or amino
acids or minerals imbalances created or to alleviate the
dele€terious effect of NH; on OM digestion. The exact }eason

remains unclear.

TDMI of mature sheep could, however, be improved by
supplementation of alfalfa with no difference among 1levels

supplemented contrary to previous research. This

contradiction could be due to the fact that in the present
trial, levels of alfalfa supplemented were much lewer then
t

in stusies of Soofi et al. (1982) or Hunt et al. (1985).

e
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V  GENERAL CONCLUSIONS |
The combined results of both trials demonstrated tpat
when alfalfa hay was supplemented JCaa basal timothy hay
diet to represent 0-20% of intake, the improvements seen in
TDMI vs uns;pplemented or urea supplemented diets were due
to the intake of the alfalfa over - the already consumed
timothy hay: This increased consumption was not the result
of higher rates of passage and not due entirely either to
higher pumen ammonia concentrations. BC-VFA could have been

L

of importance since they were increased by all levels of
¢
alfalfa supplementation.

In this range of supplementati?n it was also
demonstrated that alfalfg effect did not result from
improved appetence.

The supplementation ‘of urea to the basal diet for
mature rams did not improvetDMI although trends toward
improved N retention were observed.

Different feeding schedules of the wurea or alfalfa

-

suppléments did not show any effect on final TDMI.
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VII APPENDIX TABLES

Appendix A Least square means of the average molar proportions
of VFA and rumen pH across diets at different times
post feeding. (Exp.1).

Times SE*
__________________________________ r———— .
0 3 6 12

Acetic 71.54» 69.13® 68.35° 70.060 0.42

Propionic 18.462 19.770 19.56¢0 19.62°b 0.28

Butyric 7.812 9.060bc 9,400 8.96¢ 0.15

Isobutyric 0.812 0.69®b 0.60¢ 0.464 0.03

Isovaleric 0.91a 0.70® 0.54c 0,384 0.02

Valeric 0.47a 0.65% 0.56¢ 0.529 0.01

pH 6.482 6.71> 6.31¢ 6.064 /0,02

R n A G L NS e b G = S - — i —— - - — . = W= = e - S s m" A 4B Ah o et G s e W

*Standard errors of the means.

abcd Figures with the same letter do
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not differ P>.05
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Appendix B.Least square means of the average molar proportions of
' acetic (A), propionic (P), isobutyric (IB), butyric (B)
and isovalerio (IV), and total VFA concentration across

diets at different times post feeding. (ExpZ2). w

PO

\ \
’ . \ VFA

Times P p 18 B v f  Total

*

Prefeeding 70.21* 17.64%  1.21eb 8,935  1,35» 80.32»
lhour after 68.04¢ 19.77b  1.42s 8.71s 1.26® 88.32b¢
3hrs after 68.34cd 19.52bc 1,150 9.04abc  0.98¢ 88.48b
4hrs after 68.67bc 19,32bc 1,03bc 9.18%c 0,889 88.660

S5hrs after 69.242bcd18.9]c 0.90cd 9.33bc 0,794de 83.83ac¢

6hrs after 69.53abc¢ 18.9{i 0.814¢ 9.29b¢ 0,71e 82.402
12hrs after 69.62%% 19.01bc 0.68¢ 9.39¢ 0.61f 87.32bc¢
SE* 0.45 0.30 0.07 =~ 0.14 0.03 A 63

- - g 0D A m (et e . D py e S W e G W Y e e e e T e e we G R My W A G

abcde?f Figures in a column with the same letter do npt differ P>.05
¢t Standard errors of the means. .
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Appendix C.Least square means of the avera:e PUN aild plaua
glucose (mg/dl, mg/ml) across diets at different
ti-ea post feeding. (Exp.2).

Times PUN Glucose

prefeeding . 11.462 “es.39s

lhour after 13.67 62.76% )

3hrs after 14,260b¢ 67.84» ] -

4hrs after 15.02¢ 69.72a

S5hrs after 16.37¢ 69.462

6hrs after 14.41v¢ 67.220 ,
) 12hrs after 10,928 66.35

)
SE* 0.40 1.52

--—-—_—--—-—_————_—_—_.-—-—--_-_-——————_—----—-——--—-.—--———

abc Figures in a coluéq with the same letter do not differ P>. 05 -
0 st Standard errors of the means.
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