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A atwy wos mde of some aspects of the nutritive volue of ryogrnspes
with particuisr erphesis on the relationship wiveon the chemdeal composition
of the paoture =nd the mantity ond conlity of ol produned Ty grasing

deiry entile,

The 2at contan? of tho milk from ‘riesion cottle wos chown to be
deprossed vhen gresing ocn cnnual vorioty of ryegrzac during the wintor,
Doprouatons in the solids-not-fat comtont of the ril, on the other hend,
wore a@sociated with tho gruzing of fuanul porominl ryograas in expoerispets
corriod ot in thoe wintey und in the spring. hoe nochonisoes involved in
producing thase diffovences in milk componition vere Inwestigitod 1p o sorles
of gxpordventa in vhich varions sappleosnts rore given to animnls consurdng:
proture, Cazbohydrate, protain, and lipid sppol sonts wore given to:
lacinting cows teo mousuro effects om wilk profuction, eattle nnd sheep with

rumen fistulse to monsure end-products of ruson fommontition, ond dey sheep

in mriaboliom crates to study the digestibility of protare campononts,

1t »ns concluded thot the moture o lavoels of the esrbohydrate, protein
zad Iipid frocticne of posture may ~11 influencs wllk cagpooition wd that

opilmmm plant composition is likely to wary nceording to the typo of milk

produet that iz rownired to be produced,




INTRODUCTION

Efficiant livestock production 8 depandent on tho succansful feeding,
breeding and gencral monogarent of livestock, In New Zernland a succeasful
nutritional policy deponds larpoly on manipulation of the pastures which provide
the basic fesdstuffs, Improved pastures cansist of mixtures af different
specles and varicties, with ryegrasses tho dominant grasses, and vhite clover
the mnin legumo to mrovide for nitrggen fixation in addition to its
cantributian to the food supply. The studies repmtod horo wore concerned
with the mitritive value of different varietiss of rycgrass beecause thoy
probably make a greater cantribution to the food supplios of cattle an higher

producing farms than any othew® species,

Mutritive value is = ganerul term and in roquiring ocur pegtures to be of
good nutritive value we demand the presence of sufficicont angygry-producing
and protein-forming constituents, together with essential minerals and vitamins
necessary for amimal health and high productian, In addition a feedstuff
should be free of potentially toxic substances or corqpaamds that may be

detrimantal to the final product,

Although those attributes in a pasture plant are clearly desirsble little
progress hos been made in essessing the deficiencies of our grasses in those
terms, ar of devising methods or indicos which the plant broaders could use as
8 basis of selectian. To date the breeder has continuond to select mainly
far agrunamic charsctoristics which inelude total productivity, sessamal

distribution of yield, and persistensy.

Thile metabolic disordar® and mincral and vitemin deficiencies are
izpartant factors affocting dairy ceattls production, the amxmt of pasture
eaten by the enimal and the efficiency with which it obtnins its emergy and

pratein requirsments from the materinl ingested will mainly determind the



productive cutput of the animsl, Accurate methods cre available for
measuring tho intake of animls apd the efficliency of utilisatiom of
pastures fod indoars, but techniques with the Decessary eccuracy have not
bean developed sufficiently to ensble similar measuroments to be applied

to the lactating cow grazing pasture.

For this reason it secms bast to use dairy cow productian, under
canditions wvhere the supply of pasture is more than adequate, as a noasure
of the nutritive value of pasturc and to accept that wariation messurexi cey
be due to either differances in palatsbility or differonces in cxposition
of pasture, or to both, Although a direct measure of intake 18 not cbtained
some indirecet evidence is provided by variations in milk yield, fny iopartant

fall in nutrient intake i8 very likely to causo a f£all in milk yield.

The differcent varieties of ryegrass used in this study= have different
yield potentisls, sessonal growth patterme, and physical and chenical
characteristica (Barclay and Vartha, 196G) so that it is difficult to compare
them on a common basis, However, all varieties meke most growth during the
spring months so that this soemed the most ppropriate time to undertake the

majority of the experiments.

¢  "Graselands Ruanni” peremnial ryograsa = Lolium perenne var. “Greselands
Ruanui”; “Grasslands Ariki” ryegress = (lolium miltiflomm x peraume) var.
"Grusslends Ariki”; "Grasslands Hanawa” ryegrass (short rotstian) =

(Lolium multiflorm x peremne) var. "Grosslands Manawa”; “Grasslapds Peroa”
ryegross (Italdan) = (lolium multiflorum) var. ' Grasslands Paroa”;

“Grasslands 4707" tetraploid Westemn Eolths ryegrass.
Thruvughout this Thesis these ryegrasses will be referred to as Ruanui,
Ariki, Manawa, Paroa and VWestern Violths respectively.



Fig 1.1 Summory of experimnonts described in this Theois,
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\Ettacts of stazch and oil Effocts of protein supple-
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EXPIRIMENT 7 (Chpt, 8)
Utilizotion of Ruamni

ryegrass by sheep fed
peamut oil.



Objectives of the Study

Thig study of sax aspects of the nutritive value of ryogzrasses hed

the following objectives,

(1) To assess the extent €o which milk yield and compocition ooy be influenced
by within and beftwean variety differences in the ryegracces. These results
should agsist in accounting for some of the varlatiansc in odlk yiocld and

cagposition ocbservad in the fielgd,

(2) To attempt to discover tho mechanisms involved in praducing the observed
differences in milk yiecld and compoesition. Such studics chould add to existing
knowledge pertaining to the farmmtian of milk solids and factars affecting

these proessses.

(3) To atterpt to dofine possible meaningful ganar=l relatianschips between

the chemical cooposition of ryegrasses and the yield and caxposition of mdlk
prodiiced by cowb gruzing tho rycgrasses, Suech ganeral relationships could bo of
valuc to plant breaders in deociding selection objectives when emxdzzvouring to

improve the nutritive value of pasture plants.

Three varioties of ryegrass have beon anmpared by the author before the
thesis work started (see sectian 1.,1), and the first two experinents (Chapters 3
and 4) to be dascribed were dosigned to extend theme previous investigatians,

The object of the first experiment (Chapter 3) was to extand the range of
ryegruosses axaminod to two ammal varieties, and the soccand (Chepter 4) to assess

the igportance of varistions in Ruamni ryograss with stogo of growth.

Subsoqent chaptors oach deseribde details of a separate experiment, or group
of exporiments, planned to test hypotheses wmade follovinm the sarlier experimants,
To facilitate the intar-relating of the largo mmer of oxperiments undertaken a
flow diegram (Figure 1.1) is provided to indicate thc logical progression of

experimonts,



PART 1

REVIEV OF LITERATURE



CHAPTER 1

NUTRITIVE VALUE OF EYEGRASSED, AND WMUTRITIGMAL

PACTGRS AFFECTING MIIK YIELD AND COMPOSITION

1,1 RYEGRASS VARIETIES IN RELATION TO MILE YIELD AND COMPOSITION

Prior to the azxmxarmmt of the present study the author in
collaborstion with Dr F.li. McDowall of the Dairy Ramourch Iastitute cagpared
threc verioties of ryegmas (Manawa, Ariki and Ruamii) as feeds for lactating
dairy cattlo (Wilson and McDowall, 1966)., The thrve ryograssces grown in pure
svards were fed to gramps of mmagypms twvin cattle in a scrics of experiments
carried out during the spring ami autumn growing periods. During the apring
periods the mean milk yield produced by the different groups, in decrwasing
arder were: Manawa >Arikd>Ruami (P<0.01). The Luttexfat and solids-not-fat
yields from these three groups were ranked in the same order as milk ylelds but
did not differ significantly, In the autumn experimants the cows grazing
Ruamui ryegrass prodoosd highor milk and butterfat yields thap those on the
Ariki ryegrese (P<0.01). This difference was cansiderod to bo associated with

a lock of palatability of the Ariki ryegrass at this ftine of the year,

Tho majar deficiency inherent in the use of animnl cutput as a sole criterian
for evaluating pastures, is that i3 seldmm provides reesans for the differemces
cobserved between the pastures being compared. To facilitate the roesuvement
of many of the variables which contridute to nutritive valus thc same ryegrasaan
were fed imioore to siz loctating animals, with rumen fistulze, in a further
experiment (Wilsam, 1966 ). In this experiment, the apparant digestibility
of the Hanawa ryegrass was two to thres percentage units higher than that of
the other two varieties. No signifieant differences were found btetween the
total concantraticn of volatilse fatty acids or the molar proportians of acetic,



(4]

propianic and butyric acids in the rumen liquor taken from the cows fed

the different ryograssas, It was canclixied, therefore, that while minor
differancos in digestibility of the ryegrasses may have contriinited to the
ouserved differancas in milk praiuctian in the grezing exporiment, voluntary

intake differcnces betwoen groups were probably involved,

The only consistent chemical difference between the ryegrasses in the two
previcus studiea was that tho Mepawa samples eontainod a lower cantent of
crude fibre than ofther tho Ariki or Ruamui samples. This finding was in
agreement with the roscults of Dailey (1964), who fouxl that lannwa ryograss

bad a consistently lower cellnloso content than Ruanni ry=gxnas.

It may be concluded that information on the mutritive valuo of ryegruss
varieties far milk production appears to be limited to that from ane study
carriod ocut at Magseoy University., IHowever, the New Zealand varioties of
ryegrass have also been assesasd as feods for sheep (sco 1.3), and the energy

values of soveral English varisties detarminad (see 1.2).

1.2 THE NUTRITIVE VALUE OF RYEGRASS IN TERMB OF ENERGY

Becsuas the nutritional significence of the argcnic matter of hexrbdbage
lies lorpely in the extent to which it contrilmrtas to the onergy requirementa
of the sniml, previous experimants designed to assess tho epergy value of

grasses and im particular of ryegrasses, are of inteorest.

The gross enorgy values of different pasture plante are normally very
similar (Huttom, 196G1), however, the extent of the loss of cnergy in the
faeces, and to a lesser extent lgsses in the urine, methape, and as heat,

sre important factars vhich influence the net cmergy value of a horbage,



The differences botwan hiosbngas in their net energy values are
normrlly duc to varinble faecal loeses, heneo the usefulnoss of digestible
cnargy as a measure of foeding value, Armstrong (1264) for example, studied
the effect of stage of meturity an the edmergy value of two ryorradases,
cocksfoot, and timotlry, 28 dotermined in calorimetric acxpaeriments, Stage of
naturity within species was shown to have a far larper offect than speciles
differcnees. For each specieg Anrrussing msturity resulted in highly
significant increascos in the losses of energy in the faoces, lietaboliznble
anergy expressed as a porcantzgo of digested epergy was almost canstant,
indicating low variability in the "urine plus methene” losses. The efficiency
of utilisatian of metabolizable energy (i.e. 100 - heat production) for
naintenance did not differ significantly with stoge of growth although wvalues
cansistently declinod ag plants aged, For almost all gpocios the efficiocncy
with which metabolizndlo enceryy was used for fattening deeclinod significantly
with incrensing maturity. Rosults from analysas of the rumen liquor indicated
that the molay propartians of the volatile fatty acids were affected very little
by level of feeding, and that real differencas occurred in the proportions of
ocids foond in the ruman vhen different species of grass werce fed. The
pruperticn of acotic acid in the rumen liquor increcsed ag grass matured with
arell coparrent reductions in the proporticns of propionic and butyric aecids,
These cbeervaticons vore thercfare in genoral agreammnt with provicus experimants,
(Armstrong, Bloxter and Grahem, 1957; Armstrung, Dlaxter, Graban and Wainmom,
1988) which indicated thet tho molar propartians of tho individucl volatile
fatty acids metabolised affect tho efficloncy with th ich they arc used for
productive piIrpaseas, Fibrous diets wvhich produce a high proportion of acetic
acid to propianic aeid in the rumen, are used less efficiently for fattening
than those which produce a low propetion. It shoudd be noted, howvever, that
recent eriticisms of the results of Armstrang (frskov and Allem, 1968; Bull,

Jolmsan and Reid, 1967) throw sone doubt an the significance of smmrll



differences in volatile fatiy acid proportioms., Additionnl faoctars also
apply in the cnae of the lactating cow aos individucl volotile fatty acids

have a diroct effect an milk coopasition (Wilsan, Devey and Dolby, 18G7).

Tho caomparison betwecn the energy vwrlues of the two ryegrasses
(82¢ and S33) 4in the experimnt of ~Armstrong (1964) cannot be considered
entiroly sctisfoctory as tho dried gresses wege grovn in o successive
sousans rather then in the samb coasan, Hoeowver, the rosults indicated
thot éifferoncee in nutritivoe value between the ryegrass vnricties an a
gdven date in tho spring would probobly be accounted for by differem=s in
thelr stage of maturity axi henoe digestibility, In this regazd it is =130
warth noting that digestibls aenorgy values within voariotiocs declinod slowly

with time up until ear cmergence and thareafter doclined rapidly.

Becouse of the difficulties involvoed few laborotorics are ahle to measure
eneryy rotention and henee considerable attentian hao been dlroctod tawardds
establishing mothods of prediceting the energy valuc of forages from the chemical
capasition of the forsgo, The najority of results relate to the prediiction
of digestibility nand it has bemn demonstryrnted that 2 high negative correlation
normmlly exists betwean the eontont of erude fibro (ond lignin) and the
digestibility of arganic matter, Armetrong, Blaxter and Uaito (1964) took a
furthor step ty emmminige the rclationship boetwern the chanical constituents
of faragos and their digestible, metabolizeble, and not onorpy walues. They
shoved that the protein contept of forngms was positively, and crude fibre and
lignin were peg:tively related to all the abowe measures of energy valne,
Provided that the application of regrussion equ:tions bhased an such correlations
is restricted to the types of hcerbage from which the equation was derived they

Day provide gsome indicaetion of relstive mutritive valucs (Van Soest, 1968).

¥hile calorimetric dotarminatians of the net enerpy valueo of kerbvages

are the ahsoclute Deasure of energy values per unit weight, the emergy available



to the animl will cepend on tho voluntary intaks of the feodstuff as

well os tho efficiency of utilisation of emergy in tho fecd. According to
Bloxter, Walmmon md Tilsae (196G1) and Blaxter ond Vilsoo (1962), the intzkes
of dried forages sre positivoly related to their digasctibilitios, If those
results also opply to frosh foroges, and aceapting thot the results noy not
apply to foreges of very high digestibility (luttan, 19G3; Conrad, Pratt and
IIibbs, 196G4), Blaxter's results indicate that a difference in digestible anergy
intake botween two forages will pomerally be greater than that expected from the
digestible energy contents of the foragee. In this rogaxd 1t is relevant to
note thot in field assessments, intake and muelity aspocts of mutritive value are
both mecsured together in torms of milk productian, provided that pasture

availability dops pot limit intake,

1.3 RYEGRASS IN RELATICN TO THE PERFORMANCE OF SIEEP

There have been o mumber of grazing experiments carried ocut in which the
porfarmmmeo of sheop cansuming grassaes, clovaxs, or grasses togother with
clovor, hove been eompared (sec Jayece, 1967; and Butler, Rac and Bailay, 19G8).
In 2ll cxperimcnts livowelght @ains have been much highar (up to 35T) from white
clover thon from pure ryegrass guwerds. 1Tbege differences have bean attributed
partly to a higher digestiblo intcke of clover and portly to a more efficient
utilisation of the digestible emerry oantent of clover (Johns et al,, 1963;
Joyce and Newth, 1067), Joyce and Newth sugpmsted that this latter difference
may have bean associated with differences in the propartions of individual
volatile fatty acids in the rumen liquor of the animsls grrzing the two types
of pasture, and bocause bo bad no data of his own quotod tho data of Johns et al.
(1963) to support this cmtcention. It must be pointed cut, however, that the
voletile fatty acid data of Jotms et al. (16G3) vere obtained at the time of

slaughter and thoy were used to ropresent the gituction which applied over the



whole of the treatmemt period fron 16 July 1989 to 7 Decatrer 16060,
There is in fact 1litile direct cvidence available at prescnt to show
that volatile fatty acid proporticns present in the runen of animals

grazing clover cnd ryograss differ significantly,

Livowcight geins resulting fram sheep grozing a mmbor of
New Zealond rycgrzss varistics hove also bean mposared in o numbor of
experimants (Butlor et ol., 19G8). In many cases the differoncss wore
not significant but in most triecls canducted betwoen loverber amd June,
welght geins have boen in the following arder: Paroo >ilapawvs >Ariki > Ruanni,
That is, the loss pereistent ryogresses gave greater rates of gain than the
more paramnial varioties., Bailey (1964) bas fomuspm! attention om the
dif foronces in carbayydrote campositian betveen ryegrasses ani cansiders
that geinc are inversely related to cellnlose cantent beecause loss fibrous
pastures will bo naae quickly bralsen dovm in the rumen, Tids, he sugpested
elloes for a groator consumption of food and more efficiont utilisation of
volatilo fatty aeids because of a reduction in the ratio of acetic to
propimic acids in the ruman iiquor, Bailoy (1964) mfortunately, gave no
data on intoke or an the pruportions of volatile fatty acids presemt to
suppaat his suggoetians,

Hlford and Mingon (19G6) have campared tho enargy retantions of laembs
graging cockafoot (S37) and two vorleties of ryogrusses (23 ong S24) at low
grazing pressaro, under 'vorn frec' canditians. Live woigbt gins were in
the order 323> 824 >837. That is, tho late flowering 823 vwhich also hod
the higher digestibility (difference of 1.9% units) snd tho lowsst acetic
to propianic acid ratio in the rumen liguor, was eupericr in meat-producing

ability.
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It iz clonr from the nhove experireEnts that the mutritive value of
ryegracs varietiss in terms of ability to support liwsweight gain does
vary, et loost to same extent, and that ideally it is nocessory when
Anterpreting animl prodiction results to take into accaunt intake, digoetibility,

and rumen volatile fatty acid differesms.

1.4 THE IRFLUERCE OF VARIATIORS IR THE LEVEL OF FEEDING AND THE

CQPOSITION OF TIE RATION CON MIIXK YIELD,

As with other psuainctive prucensas milk yiell dgpandc prirmyily an the
not energy valoe of the rotion, Feeding stondards which state the
requironents per gallan of milk in terms of total digestible mitrients,
stareh equivalont or digestiblo orpganic matter, imply thot the relaticnehip
betwean cnergy intake and milk production is lnenr at all lovols of feoding.
thile it is truo thot increases in food intake are ncrmelly asaceiasted with
incrcases in tho fot-corractxd milk yield, thore are neny axperimmotal
results which suggest that the increments are subject to the low of diminishing
roturns (Jemoen gt 8l., 1942; Hanssom et al., 1564). Thot 18, the increases
in milk yiold becume progressively eaeller with each cucoossive increment of

foad canswed,

The f211 in the efficiency with which additiomal increments of food onergy
are used for production of milk is prodebly doe to en irrenami propartion of
tl® distary cnergy being diverted to bofy fat synthesis, and to a f£all in the
digastibic energy contont of tle foodstuff with increasing intake (leaver,
Campling and HDolmes, 1960). UWhile it is alno possible that an increased
propartion of abeortexd energy By be lost as heat with increased intcko, recemt
evidenco roviewed Ly Beid, live and Tyrrell (18G6) suggests thet this facter may
be disrcgarded, The basis for this canelusion was the linear relationship

ohserved between the retabolisadble encrgy inpot, at body-anergy eq:ilibeiun,
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and the milk energy output of cows, at feeding levels up to four timee

that reauired for caintenance.

therens level of feading and fat-corrected milk production are normally
correlated it does not follaw autamatically that vhen the fat-corrected milk
yield from a groaup of cows an ano ratian is higher than a similar group on
another, tho digostiblo emorgy intakes are similarly rclated, This is boeause
the chemical or physical choracteristics of same rations my laed to a decrease
in the acotic to propionic acid ratio in the ruman licuor which in turn may
cauge a nmorked depression in wmilk fat content (see also soction 1,52).
Ratians which lencd to the producticn of milk cootaining a loverad fat cantent
thercforc rosult in a roductian in the efficiency with which motabolizable

onergy is used for milk praduction,

There 18 now somd ovidenco that the efficiancy of utilisaticon of
metabolizable enargy for milk producticn also varies with food quality under
focding condditiaone whore milk fat cantant is not altered, The expeorinments
of Ellict and Loosli (1959), Coppoek, Flatt, Moore and Stowvart (1964), Hinders
and Owen (1963), and Flatt et al. (1966) support the contantiom ortginally
mads by Blaxter (18G2) that whom the molar prapartian of acetic acid in the
ruman liquor 15 sbout G the officiency of conversicn of metabolizable emergy
to milk encrgy is at itc maximm (70%) and that either highar or lower

mopartions of acetic are associnted with lover efficiencies,

The influence of a given change in the level of feoding on milk yield
also depends an many factars inclixling previcus plane of mutrition
(Wallace, 1657; Flux, 1949; Patchell, 1957), langth and soverity of the
change, the stage of lactation (Riddet ot al., 1941) opnd factars such es

mlking tochniue, health and climnte which may limit tho degroo to which an
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aninzl can respand te changing levels of nutritian, Varistion betweaen
indivicdual animnls is another important factor which i3 woll 1llustrated
by a scries of experinants carried out by Blaxter (19G2) in which miliidng
cows were given difforant anoamts of food for their wiols lsctaticm, The
results showed that the higher the lovel of socretion, the groater isc the

effect of o given change in the mutriticn on that secretion.

Noak (1061) in an gxceollant review dealing with varictions in the chamical
compasition of milk consideored that incremeass in the protoin cantent of tlo
adiet of a cow zbove narmel (Voalman, 1957) inveriably hove no effect an the
vield of milk but modersto reductians below Woodman's gtandards (89%) have
given smnll docronses., More recent experiments (Rock amxd Line, 1962;

Reid, Tyrrell and Moe, 1907), however, have indicated that rilk yield mey

vary in the same direction as the protein coatent of the ratim, over a very
vide range of protein intakes. PFectars respansible for the variable results
probably inclnde the durstian of the experiments, tho lovel of milk productian,

and the protein roacrves availlable,

A certain amount of dietary fat (3 - 4%) is recuired in thoe cancentrato
pexrt of the dlet for mximm milk and fat ylelds (Roadk, 1961). Howewor, the
sddition of large amomts of edible fat (e.g. 2 1b,) causes digective

disturbnnces and loss of praluction (Smith, 1999),

For pastures such as the ryegrasses used in this stuly the protein and
fat content is nommally high anongh to preclude the possibility of a
deficioncy affecting milk production so that the level of focding remains the

crucial factor,

Frao the data discuessod in this section, it is probably reasanable to
canclude that milk production from the ryograsses will be pasitively correl:ted

to digestible amexgy intake, provided that the cheracteristics of the pasturaes
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are not such that the ratioc of acetie to propionie acid in the rumen

liquer is altered to such en extont that the efficiency of utilisation

of potabolizable emorygy is affected. The other factor whiech may confound

the general relotianship Letwesn digestible amsrpgy intcke and milk yield

is the poseibility of interactians between the mature of the diet and the
propcrtian of tho metabolizable energy diverted to body weight gein, or
altermtively, the anount of body tissue mobilized to naintain milk production,
With tho abovo rescrvetions, and in the ebsence of intako data, differemcas

in mdlk production are usad in this study to indicotc parallel differences

in the digestiblc cnergy intake of groups of cows.

1.5 NUTRITICGNAL FACTORS AFFECTING THE CHEMICAL CQIFOSTITICN OF MILK

Throughout this rovisw ecphasis will be given to the majar milk
canstituents, fat and solids-not-fat (protein and lactoce), and no reference
will be made to minor canstituonts such as traco cloments and vitamins,

The effects of level and type of foeding on milk cagpasitian are discussed
with most attention being devotod to frctors which may bo of irportance vhen

using pasture as tho basic foadsotuff,

1,51 Fat content and lovel of feeding

Adoquate quantitiss of protein amil energy pruduen 2 £at yleld correspooding

vith the animals' inhorited potmtial, With anderfecding both tho cuantity
of mlk and fat producad will parmmlly drop, but the effect on the fat conteat
of the milk may be variable. Hemce Mgllgaard (1929), Swan and Jamiescm (1936)
and Wilson, Davoy and Dolby (19G7) have recardsd reductions whilst Flux and
Patchell (1954) and Ramrtson gt al. (1960) havo rocorded zn incronse. It 1s
prabeblo that an increase in the fat cootent of milk is wore likely to ocouxr

following a short tern» sudicn reductiad in food intake which locds to a loss of



14,

bady weight, thile tho pobilisation of body fat may account for the
increase in fat content (Flux and Patchell, 1857) and the chenge in butterfat
properties obsorved following umiarfeeding (Mwmford gt al,, 1964) othor
workors (1741liams and Christian, 195G; Shaw, 1961) have notoed that the
relative proporticns of butyric acid in the rumen rises whilo that of acetic
acid dininishes, It is posgible, therefore, that the direction of the
ehnnge in £at cootont of the milk folloving underfeodiny, my be infiluenced
by fecd quality which in turn affocts tbhe amocunt :nd proportions of the

vorious volotilo fatty acids formod in the rumon,

If protein and enorpy arc fod in excess of requiraoants there is narmmlly
little change in the fat content of milk (see revisw of Durt, 1957), that is,
excapt whon e highly cancentrated ration is fed which altors the rumon

fermontatian products (see below).

1.52 Dietary carbohydratos and milk fat content

It is now well establishoed that the type and concentration of
earbaiydrate prosont in feodstuffs can have a considorablo offect on the
proportionsaf volatile fatty acids formed in the runen of cows., On 'pDarmal’
diets, acetic acid accounts, an 2 molar basigs, for GO-70% of the total
volatile fatty acids, propionic acid 15=2Z%, snd butyric acid 8-15%, On diets
rich 4in roadily solublo carbdiydrates and low in crudo fibroe the percentage
of acetic acid may be as low as 35% and propianic acid as high as 4%%). Such
diets cause a large rcduction (up to 60X of norusl fat cantent) in the fat
content of milk (Balch et al., 1954, 1965; S8haw et al., 1950) aecazpanied by

1ittle or no change in milk yield.

In an exceollent reviow Van Soest (18G3) has discussed the possible

physiological and biochcmical mechaniems which may lcad to the relatiomship

botveen the molar propartions of wolstile f£atty acdds and milk fat content.



15.

Rodmctions in wilk fat content involving similar changes in volatile
fatty acids as tbose describad above have also been obtaoined when coes
wore given diets in which the fibre hes been fimely gramd (Powell, 1941),
or lorge soounts Of concentretes rolative to bay have boen fed (Balch gt al.,
1952), Alsc of particalar interest are the experioents of licClymont (1950)
in which he obtaingd doprussicns in mllk fat percantage with cows grazing

grean oats and fmmture pasture.

Teaporia (19380) has sumorisod mamy of the experinemts in which acditiomal
concantrate scupplaments hove been glven to cows grazing pasturo, and in

these milk fat content was gensrally depressed by 0.1 to 0.3%.

The rclatiomship between rumen fermentation products and the fat content
of milk is further i1llustrated by experiments earriod out by Rook and
Balch (1959 and 1861) and later by many ethers, in which certain fatty scids
wvere administered directly intc the rumen, foetic acid increaped the fat
porcentage while propienic scld reduced it and incroased the protein content

of milk,

1,33 te ove ot and ' at tent

Tho fat content of milk is gonerslly little affectod by variatians in the
protein lovel of tho feed vhore gufficient energy is presant (Rook and lime,
1062; Logan ot al., 1958), bovevar, in a few caseo lovel of protein feeding has
been sbown to be positively reloted to fat content in tho milk (Byers et al.,

1949; Hsecker, 1914).
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1.54 Dietory fat and milk fat contont

A certain amoumt of fat (3=4%) in the ration iz nocessary far
naxirun milk and fat ylolds (Rook, 1961), However, there are many
canflicting rosults as to the effect of tho ancxmt and typo of fat in the
dlet of covs on the butterfat contont of milk, The fecding of highly
ungaturated fish oils (e.g. codliver oll) hss geperally recduced the fat
cantent of milk (MeDowell, Reid and Patchell, 19857; Shaw and DEnsor, 1959).
The feeding of ¢oils of plant origin hag had wvariable effocts an £at content.
McDowell et al, (1957) obtained no effect from addod poamit oil, linscod oil,
soya bean oil (and tellow) whoress Storry , Rock and [inll (19G7) using coaanut
ard red palo 0ils obtilnod a significant increaso in the £at contont of milk
(soe also Van Socst, 19G3)., In most experiments tho constituont fatty acids
of the nilk fat are altored towards that of the dicetary fat, particularly when

tho fat contains mainly fatty acids which are not subjoct to hydrogenation,

It is quite probahle, thorofore, that the effect of added fats ond oils
will depand on faetors such as the basic ratiom, lovel of foeding, form in
which it 18 admdnisterod, cherical compasition of the fat and longth of

treatoent,

1.55 -not-fat content (S N.F levcl ood

than the lovel of feoding is roduced the protein ond solidsenot-fat
contents of tho milk diminish (Riddet gt el., 1941; Rook, 1901;
Wilson et al., 1967). The effect of cdditional feod is gonorally more
marked at low thap at high plones of mutrition., Thus incrocses in the
feeding lovel ebove normel ad libitum gruss feoding rosults in anly a amll

increase in S.N.F.% (up to 0.2) vhercas reductions in foodim: lovel hawve given
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dexTu=ses of up to 0,9% S.N.F. Changes in S.N.F, with feoding level

are e lly e to a change in the protein cantant of the milk but with
underfeeding snsll decreacses in the lactose content also occur

(Rock and Line, 1961), It is now well establisiled (Roak, 1961) that the
changes in S.N.F, that oceur with changse in tho level of fooding are
rolated to tho enaeygy content of the food rather than to variation in any
other cappanont of the food, The extent of the change in S.N.F. content
with a change in plane of outriticm varies with lsvel of fecding before
calving (Patchell, 1857; Campbell and Flux, 1948), and with type of diet
(Rock, 1953; Rook and Iino, 19Gl) (also see section 1.5G), It also
sbould be notod that while cows giving a good mlk yicld (say above 1.5 gal.
per day) will show the chanpoes in fat ami protein content doscribed above,
at lov milk yiclds drying off procasses intervane, In the latter case a
low level of feeding will ganorally cause lactose cantont to £all, and

protein content to plateau or even rise (Riddet et al., 1941),

1.56 Dietary carbohydrates and S N, F, content

In interpreting the results of many experimants it is difficult to
separate the effect of emergy lovel per se, and the proportion or
cancentration of various carbohydrates in the ration bocsusce any change in
one normmlly affects the other, However, additions of flakod mnize to a
hay and cancamtratoe diot sometimes have hed a particularly marked effect on
tbe 5.N.F, cantont of milk that canmot be socamted for by tho additiamal
enargy (Balch et sl., 1955; Rock ond Line, 1961)., Thesc rocults and thoseo
of Castlo et al., (1959) sugpest that the cawamtration of oencrgy in the
foed as well as foeding lovel mey affect S N.F. %, Foads comtaining high
concentrations of energy may a2ffect S.N.F.% by causing e reduction in the

ratio of acetic to propionic acid produced im the rumen, as in some
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exporimonts in which tho fat comtont of the milk was deprasved thore was

also s cancurrent elovetion in S,N,F.% (Balch et al., 1955; Insor =nd

Shaw, 1061; &haw, 1961; Castle gt al., 1963). The obsorvetians that
cereal grains containing a high lovwel of crude fitre hove JZiven anly poor
respansas in S,N,F.% when used to improve plane of mutrition (Durt, 31957b;
Brovn ¢t 2l1. 1962) and pelleting of the ration may increasc the S.N.F. content
of milk (Eing and Remken, 1982) are in general egyemmpnt with tho possibility
that the ratio of individusl fatty ecids produced mey be of impastance in

affocting the S.N,F. content of milk,

In nost of the experimonts in which additionnl cancantrntes hovo been
fod to cows grazing grass an Ancroase in the S,N.F,.% (up to 0.2) of milk
hes been noted (Taparia, 193G) but whether the incressc resulted froo a
change in enorgy intzke or a change in the proportiocn of voloatile fatty

acids produced cannot be Judgoed from the reparted rosults.

It is now well known (seo Wilsan et al., 1967) that additians of
propionic acid to the rumen of lactoting cows leads to an increcsed protein
and hence S.N.F. content in the mtlk, Lactic acid, vhich ic present in
runan contents anly whem diets containing lserge amounts of readily swvailable
cartahydrates (e.g. flabed maize) are fed, also increagses S,N.P.% but does not
at the scmo time depress fat content (Rook, 1961). Thwoo f£indings aro clearly

in barmony with most of tho exporimpntal work roviewed in this section.

1,57 Dietery protein and S, N,F, content
Increzsas in the protein content of the diet cbove tho recamxrdad levels
(Vfoudan, 1957) and also mpdorate reductions below thesce standards have 1ittle

influence on wilk protein or S.N.F. percentages (Holmes, 1956;
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Rook and Lino, 1962; Frunms ad Djikstra, 1959), Inber (1960)

oxnmnad tho poosibility of interacticns betwsen protein and anorpy
levels but found that protein lcwel had no effect on S.N,F,% at any
anargy level, With an extrame reduction in the protein contont of the
diet to GO of Ticadmn's standard, Rowland (1946) observed o reduction
of 0,18 in the S N, F.% of 41k and Vaite (1958), Roak ami Line (1963) and

Isaclisen, Ulevesli and Breuirom (1956) obtained essertianlly similsr results,

A reviow of the importamt aspscts of urea supplamntation and the
prociction of milk from pan-=mypanic campamds will not be undextakon, but
the possibility of non=-protein anitrupgemcue esubstancaes affocting rdlk

production mist be considered,

The toxic effocts of somr nitrggenons substances such as nitrate in
pasture are wvoll knoen, tho safe limit for rumineats boing gencrally
cansidered to be 0.20 g, of nitrate nitrogen/100 g. of dry foed
(Garner, 19G3). The effects of nitrate oo milk procucticn on the other
hand very from no effoct (Janes et al., 196G) to a mrkod dopreasicn in
milk yicld (Muhyer, Garncer, Pfander and O'Dell, 1966G) and it appears that the
availability of tho cartohywirnte i the diet has a mnjor effoct in
detasmining the effocts, ami in particular the taxicity of nitrzto

(Barpstt and Bowman, 1957),

1.89 £a 8 tent
Additional fat to the ration of dairy cows hzs hand a varlable effect an
the S.K.F. contont of the milk, For exsmple Poters, larris, IMulay and

Pinkerton (1961) wvho added tallow depreased 8.N.F.% with Iriesian tut not



Jersey cows whereas lichownll et al, (1957) foumd no chongo in S.N,F.%

uslng a munmber of different olls and fats including tallow,

The finding thet dietary adeiticns of olls (perticulerly codliver oil)
oy modify the ruminal production of wvolatile fatty acids, csusing an
increose in propionic acid relotivo to that of acoetic ecid (Shaw and
Cneor, 1859; Roburtson and Uawke, 1964) might sugpest thnt increeses
in S,N.F, could be expected following the fecding of fats and oils,

Howvever this effcct has not bean damanstrated in practico,

1.510 Variotions in the lactose content of milk

Camparod with the fat apd protein contents, tho lactocc content of
nilk is oodly vory slightly affected by matrition, Timwo no inercaso in
lactose cantont was recarded wien tho onerpy lsvel of the ration vas ralsed
to 135% of requirements (Rook ot al., 1960; Holmes et al., 1950 and 1960),
and anly a slight increase when it was raised to 25(05 (Rock ond Line, 1961).
In cages of ancrgy deficiency the alterations are generally also small
(Flux and Patchell, 1854; Rook et al,, 1960) sltbough gross underfeeding
(Burt, 1957b; Flux and Patchell, 1957), or the starving of covs for several

days caused a sharp fall in lactose content (Robertean et 2l., 19G0),

The lactose eantant of milk is also influooced iittle by tho infesiaon

of shart chain fatty acids into the rumen (Storry and Rod:, 196G1).
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CHAPITER 2

MATERIALS AND METHODS

Becauso many of tho grazing experimemnts in this study involved the
use of similar methods, cows, sampling procadures ond annlyges, these will

be described and discussed together in this chapter,

2.1 FACILITIES

Tho mnjority of the experisents were carried out using the facilities
of the Massey University No. 2 Dairy Unit which eonsists of a milking berd
of about 30 pairs of mmozygous twins, together with replecammnt young stock.
The majority of the pasturas on tho form cansist of nixed grass and clover
swards and it wos these that were used to feed the expoarimmmtal cows during
the preliminnry periods of experiments in arder to obtain milk production
dgta for use in covarinnce analyses, Appraximately 21 acres of relatively
uniforn land (for subdivision see Figure 2.1) were used to grow the pure
swards of ryegrasses for the oxperimental comparisomns, TFor the experimental
period of an axpariment twin palr maetes were allocated to tho two treatments
at random, In axpariments in wvhich there were three troatmmmts the
axparirontal layout used wns the incamplete balanced block design described
by Cochran and Cax (1850). The twin cows were milksd in the No. 2 Dairy
Shed, a three=bail "doubdled up” wilking system fitted with milk resarders
which enoble tho milk yields frob individual cows to be moasured and

representative milk samples to be obtained for subsequent analyais.

In cne experiment (Experimemt 1), Friesian cattle from the No. 1 Hexd

wore milked in the No, 2 Dairy Unit shed, and in enother (Cxperiment 8)



TFriesians in the No, 1 Herd werce used, Theso eattlo werc used in
order to obtain cows which had calved in tho autumm rathory than the
spring, In two othor experirents (Expeorimants 4 and 7) sheop were

fod indoors using the focilitios at the Animal Physiology Unit,

2.2 EXPERIMINTAL DESIGN

Tho covariance design was utilized in all of the griz=ing ezperinants,
The mdll: yield and cagpositian data wore annlysed by covarianoce analysis,
Tests of significoncoe were mado between the adjusted treatomant wmeans
using tho valvos obtained fraom individuel cows during the preliminary

period as independent variacbles (Snedeeor, 1956).

Discussion: The covariance dosign was particularly suitod to this study
for a pumber of reasons. The area of lamd avallnble for tho growth of
the ryegrasses was limited so that tho choice had to be made between
grazing a emll]l muber of covs using a change~over @xperimsntal design
(or Latin Scquare) and the covariance design with a shaort axpmrimental
period, but using a greater mmber of cows, Disadvantagas of the farmer
design included the probloms of treatment carry-over offocts an milk
production, tho changing chemical campasition of tho pastures within a

langer axperircnt, and the limited muher of cows with differant genctypes

which eould be included in a single experiment, Tho covariance design did

not suffer frum any of these disadvantages, and becsuse of the high

correlation between succmssive aarsuranants of milk yicld mmd milk
coamponenits in the short term, the covariance adjustmants wore highly
effective in reducing error veriance.

In the axperimants involving three treatmant groups, the data were also

analysed by covzrisnce, but the twin andmels were allocated to treatment



TABLE 2.1

Dates of sowing experimental pagtures.

Paddock Prior to
lo. April 1964 April 19364 April 19GG pril 19G7
2 Iized pasture - Tetraploid I'ixed posture
Western Woltho
f 3 lMixed pasture - Paroa Mixed pasture
4 liixed pasture - Tetraploid Iiized p=sture
Vvestern Volths
S tiixeod posture Ruanui - -
G Manawa - Paroo liiszed pasture
7 feiki Ruanui - -
8 Apiki Ruanui - -
S Auopnl - - -
10 Banawa Ruammi + Clover - -
11 Ruspul - - -
12 Ariki srikl + Clover - -
13 Suanul Ariki 4+ Clover - -
14 Hanawa frikil + Clover - -
15 tiixed peosture Rusnui + Clover - -




groupe as for an incompleote balanced block design, This procodore

wag followed in order to minimize preliminary period differonces botween
treatment groups and also to take some advantage of the fact that the
ylelds and campasitions of the milks from twin metes are highly carreclated

during the couxrse of a lactation (MeDownll end Patchell, 1658),

2,3 PASTURE GOTABLISIRIENT AND MAINTENANCE

Tho solls in which thoe pastures were grown canslstod of lienawatu
sandy loam overlying gravol, The pasturc gpecies growving in tho 14
experimental paddocks imnedistoly prior to April 1964 are given in the
first column of Table 2,1 and the subseguent changes mde are also shown

in this tsble under the appropriate sowing detes,

All pastures werc sown in the autumm along with 2 cwt. of super-
pbasphate, The pure swards of Ruannl ryegrass werc mintainod with
sulphate of ammonia (for detalls soe individusl experiomts). About ance
a year, norrmlly in the late autumn, it was becessary to spray the pastures

with 'Tordon' (Iven Vatkins-Dow) to eliminate the voluntecer clover plants.

The pasturecs werce irrigated as recuired during the curmer pericds to

oeintzin adequate growth and soil covoer to help provent weed infestation.

A hotanical analysis was undertaken cmn the pesturcs at regular

intervals and tho ryegrass content was found to be above 947 at all times.

The mimed posture used during the preliminary periods consisted of
various combinations of Ariki, Ruapui, ond Mepawe ryegrasses, white clover
(Ixifolium ropens L.) var. "Grasslands Buia”, eocksfoot (Dactylis glomerata L.)

var, “Grasslands Apamui”, and prairie grass (Bromus unioloides Kunth.).



2.4 PASTURE SAMPLING AND STCRAGE

Represantative pasture gamplos were taken at regular interwals
from @sch type of pasture used in an experimant, A larpe sample
(approx, 1 kg.) collected at randam from within each paddock was cbtained
on the moruing of the first day that the cows were given a bresk of grass
in a now paddosk, Sampling was always carried out at about 9 a.m. to
eliminate poesible diurnal varistion in composition (soo coluble sugars)
a6 a source of variation botwemm samples. The samples vore obtained with
shoars and tho grass was cut to the leovel at which the cows were grasing.
The treck focding systom used facilitated tho aasosament of that the
animnls were esting abd hence tho cut material wes probably reprasentative

of what was cansumsd,

The pasture sagplep were frozon within 15 minutes of saopling, froeze—
dried over 24 hours, and subseg@ently ground to pass a 1 m, sieve and stored
in air tight camtainers at roam tosperature, Freaze drying was used in
proferance to oven drying es this is less likely to altor tho capoaition of
the herbagc. loesas of dry mttor (perticularly frao the cartoliydrate
fractions) following hoating have been attributed to rospirntory losses, ond

chemicsl isenldown by excessive heat (Ragwse and Smith, 19G5).

2.5 PASTURE ANALYBES

Beccuse there was limitod data aveilsble on the cherdcsl composition of
the New Zealand ryegsasesas it wag considarod thnt tho analyams undertaken
should include fat, protein anxd carbollydrate dotesminotions,



The classical methods (Hemneberg system) of annlysing feedstuffs
have often been eriticised as empirical (Van Soest, 1965) and improvements
have been suggested by mmy workers (Crarpton and Whiting, 1643; Vaite
and Gorrod, 1959), but with the exception of the recantly established
detergent methods of Van Soest (19G5), which divide tho dry matter into
cell-wall constituents and cellular contents, they have produced little
additional informetian of biological significance, Tho Gennobery Systen
was used in this study becsuse of its simplicity and beeause of the large
amount of data vhieh are available in these terms for comparative purposes.,
Because the system of analysis includes the major deficiency that the
nitrogen-free extract is insccurately calenlated, and moy bo a poor indicator
of the rendily availsble carbtchydrates in the pagtere, the total scluble

sygar content of the grasses was alsc determined,

2.51 [Heonoborg analysils

The frucze~dried grass was analysed for crude protein (Nitrogen x 6, 25),
cruce fibro, and other extract by standard methads (4,0.4.C,, 1965). The
content of nitrogen-froc extroct was determined by diffaereoce / 100 -
(cr. protein + cr. fibre + other extract)‘]. All earples were analysed in

duplicate,

2.52 Total soluble sugers

Total sclnble angar contents of the freeze-dried samples of pasture were
detepminad in duplicate using the procedure of Bailey (19264), In this metbad
the dried grass is extracted with 80F ethancol after which the total scluble
suger concentration in aquecus solution is measured using Bath's sulphuric
acid method and a glucose standard,

Discussion: As it is well kpown that the contont of sugars $n grasses declino

rapidly after cutting due to rospirantion (Raguse et al., 1965), it was



cansidered nexceszsazy to check that values obtained using frecze~dried grass
were similar to values obtained using frwshly cut gruss, The comparisan
was undeytaken uging samples of Ruanul ryegrass pastmres at two stages of
growsth ond semplod twice daily (9 a.m. and 3 p.m,) oo tilzec consccutive Gays
tc provide a range of soluble Sugar comentrations, The reculte from this
experiment (Appendix 2.1) indicatod that frecze-drying does not alter the
total soluble sugar content of grass sumples. Furthoroore, the method wae
oore satisfoctory as the variation between duplicato samples was muah smmaller

for the freczo—driad samplos,

The time of the day that pastures are sampled has a considerable effect
on the suger content (Eingsbury, 1965; and Appendix 2.1), so that care was
taken to sampls all experinental pestures being compared an the seme day amd
at the sene time, However, ags day to day variations in peok soluble suger
lovels are apparently related to the mmbar of sunshino bours preceeding the
sampling (MacKeneic and tylanm, 1887) it is clear that camperisons betwveon days

and espociclly experinents, aro subject to eamsiderable errar,

2.6 MIIK SAMPLING AND ARNALYSIS

Hilk ylolds for individual cows were meesmmed ot all milkings during the
preliminary and experimental periods of osch experiment, For all tho grazing
experimmts, except 8 and 9, tvo-day camposite sarples were taken from
individual cows twice e¢ach wock, for the durstion of the experiment (Sunday p.m.
to Tuesday a,m,, Tuceday p.m. to Tharredsy a.m,), For Expesximents 8 and 9,
Gaily composites were cbtatined f£3ud individual cows an 8ix doys of each week
of the experimemt, Milk samplas were taken to the Dairy Neseerch Inptitute
where thoy were analysed for f£at by the Gerber method (Dritish Standards
Institution, 1955), total solids by the gravimetric method (boating a 2 g,

sample at 100 - 12°C for 6 hr.), and the solids-not-fat contont caleulated



by differonce, Total nitrogen was determined by tho Ejeldahl method
and the protein caontent calculated (protein = N x G6.38), The lactcse
{mpohydrate) content of the milk was determined in sume oxperiments
and the procgulure used was the Lane and Rynon volumstric copper
reduction method, All doterminations were mhde in duplicate and if

these wore not in close agreocment thoy were repeated.

For Experimcents 8 and 9 tho dally camposites were an:lysed for fat,
protein and lactose contents, using an Infreerod milk-cnalyser (I.R,.I1A.;
for description soo Biggs, 1967, and lunford, 15G7), which wogs purchosed
by the Dairy Musbandry Dopertmont in August 1967, Tho ingtrunemt was
initizlly calibrated using a range of milk sanmples anclysed by the
standerd chemical methods, and day to day calibration was achieved by use
of the internal optical filter values, Final calibration will not be
capleted until more chamical data are available, Mmford (1967)
detormined the error for a single determination (standard deviation) on

a single sample using I.R,M,A, as 0.044% for fat, 0,080% for protein and

27.

0,019% for lactase, values which are similzr to the errors for the chemiceal

methods,

Discussian: Early in this study it became apparcnt thot, individual cow,

solids-not=fat percentages calculated from results obteined by the chemical

methods (1.e. protein % + loctose % + ash %), or from I.R.H,A. rosults,
were 0.1 to 0.G% (avernge of about 0.28%) highor thsn thaose £rom the
gravinetric oven method and fat test (i1.e. 8.N.F. = T.S. ~ fat %).

#r A.K.R. McDowell of the Institute hns investigated the possible reasams

for this discrepency and his conclusicns (McDowell, 1968) are summerized as

follows,



In the protein method the factor 6,38 to eanvert N to total
protein is teoo high for tho non-protein nitrogen compounds (5% of
total N in milk) such as urea, This may result in an erraor of about
+ 0,1% in the protein value, In the ashing of milk, citrate is lost
but it is included in the total solids value, This rmeans the ash
content of rilk which is normelly cansidored to be about 0,70 is
probably 0,3% low. The phosphorus content of milk is counted twice, once
in casocin and ance in ash, Casein cantainsg 0.80% phogphorus but in ash
it would occur as phosphate (Pgos) and anount to 0,05, of the milk,
This results in an errar of + 0.C5. These orrors collectively moan that

tho addition of protein lactose and ash is low by about 0,05,

Ope possibloe source of error in the gravimetric oven mothod of
estimotian of total solids arises becauso a certain varinrble percemntageo
of the lactose may be presant in tho anhydrous form rather than the
omohydrate, The difference in weight between the two farms could alter
the total solids by up to - 0,25% so that even a small difference in the
degree of hydrztion would be significant, In addition thoe browning
reactian which alwayse occurs in oven drying of milk sclids due to a resction
batween lactase and protein results in the formation of a mudber of products,
including wator, which arc lost. Experiments comparing frecce=drying with
oven=drying have shown that tho browning reaction could result in S.N.F,

figures which are low by about 0.17%,

These results, while they do not completely explain the origimal
discraepancy, amply demmmstr:te that the chemical methods for the deterninstion
of the canstituents of milk can not be considered "oksolute” and emphasize
the importance of making all camparisans ' within experimants” as has been dons

in this theeis,



2.7 RWIEN FISTUIATED CO%S

A number of fistulated milking cows were availablo for uso fron the
aaxmencammt of this study., Those included tuwo Podigree Jerscy cows
(15 and !48) and ane pair of enosypass twins (15 and 16) also of
Jorsgy breeding. Because it was considered necessary to have at leasat
8ix =nimnls available for Experimemt 1, a further pair of twims
(Jerseys 121 and 122) wers fistulated with the assigtonce of
Mr A.¥.F. Dovey of the Dairy Iusbondry Departwent, using the tecimique
described by Baleh and Cowde (1962), These six onimals, togother with a
furthor threo pairs of dry mmazypmis twin animels borrowved from time to
time from Plant Chemistry Divisian, D.S.I.R., wero used throughout this
study to exeminc the influence of the ryegrasses on the cnd-products of
rumae fermantatian, It was hoped that these measuresbnts would help in

explaining the observed changes in milk campositiom,

2.8 HUEEN LICUCUR SAMPLING AND ANALYSIS

In the experiments in which samples of mmmen licuor werc obtained, two
fistulated cows were allowed to graze with each of tho troatment graips for
at least ape week befere rumen sampling cammanced to ensure thet the

microbial population was fully adapted to the new type of pasture,

The milking cows were kept off pasture betwveen morning milking (G a.m.)
and 9 a.m., at which tims the first rumen samples for the day were cbtained.
The cows were then returned to the experimental pastures ond a further three
sarples ware takan at two hourly intervels, Samples of rumen liquor
(200-300 ml.) were tzkem by hand frum the middle of the rurem (Davey, 1964)
on two comsecutive deys, The rumen liquor was obtained by forcing scemples
tlxrough muslin and the pil of each sample was measured to the pearest 0.05 p

unit within a few nimites of removing the sample from the rumen.



Volatile fatty acid concentration: All rumen sarples wero stored at Ooc,
until recuired for analysis, wiiich wes completed on the dny of sampling,

The concentration of volatile fatty scids (V. F,A,) were determined by the
titration of the stean distillate obtained fram a Maorkhanm (1942) still,

A 5 ml, sliquot of mmen licuor wos placed in tho still with 1 ml, of

10 N-il2804, saturatod with mo4 (Mcinally, 1944). One SO ml. portiomn of
distillate wes collected and titrated with appraximntely O,05-N Rel under
Coz-fme oconditions, A secoml distillate of 50 ml. wesc collectod om a
mmber of cccasions and used es a blank correctian for the "gslightly steam
volatile” organic acids, Potassium hydrogen phthallate was used to
gtondardise the NaGH, Determinotions were carrisd cut in duplicate and if
thoy differed by more thon 2% of the mean value, they were repeated, The
stondard deviotion of & single duplicated analysis wos 0,02 mi/100 ml, and
the percentage recovery obtained, using the method on samples to which known
quantitios of volatile fatty acids were added, was 100,5%, with a range on the

besis of 10 samples of 99.8 to 101.3%.

at of indi 1 acids: Folloving titration of the V,F. A, as deecribed
above an axcass of Na(l was added and the salts of tho fatty acids were
cancentratod to a suitable volume (0.8 - 1.0 ml,) for gne-limuid chromatographic
analysis, The rclative proportions of ascetie, propionic, amxi butyric acids
were estimatad by ges-liquid chromatography (James and Martin, 1652) using the
column packing described hy Hawke (1967). Colums were rum at 137°C with a
nitrogen flow rate of approximately 15 ml, per mimute, Approximately 0,025 ml,
of sample was added, using a hypodermic syringe, to a platimm boat containing
equnl parts of celite ond Rafl80, es a dry mixtu:re, The boat was quickly

¢
pusbed into the column and the nitrogen supply cannceted,



Tho relicbility of the separntion wes checked by using a standard
colution containing acetic, propionic and butyric acids in the molar
proportions of 6,5 : 2,0 : 1,5, at least ance in cvory eight camples
analysed, The standard devistions for a single anclysis wore 1,03,
0.G5 and 1.08 for the molar proportians of acetie, propionic and hutyric
acids reospactively, Those valucs were obtainod by repoating omo cample
10 timos during the course of analysing some SO samplos, Because of
this rether high error, duplicate detorminations wero undertalian oo all

8samplec.

Aomonia concentration: Amonia was determined in 1 ml, of rumen licuor by

the boric acid - hydroechloric acid procedure of Conway and O'Malley (19542)
using potassiun carbanate in the outer cappartrent, Tho error of tho
method when using the mean value froum duplicate samplos was shovn to be
0.02 uz./100 1. on the busis of 10 mean figures obtainod fyum the sabe

sarple of rumen liquor.

Statictical analysis of rumen liquor data: The basic objective in measuring
tke end=prodncts of ruman fermentatian wos to obtain roprecantative dzily

data which might help explain changes in milk composition. For this rousan,
moan values for the day (1.0, meen of 4 sampling times) woere used in the
statigtical amelyses although tho possible existonoo of a larpe treatment X
time interaction was checked for by the exardnation of diurnal graphs. The
daily meons for individusl cows were analysed by anslysnis of variance using
the metbod described by Hondersan (1059) for designs in which there are two
observations (days) nested within amimls, Assurdng aninals and
observotions arc random classifications tie expectations of nean squares for

a twvo treatment comparison arc as follows:=



32.

ase, Bxpectation of mean scuare,
Treatment (T) 1 O“% +o’g : at + 20"% : t + 40’%
Animals (A) ¢ T 2 0‘%+0’g:at+20'%:t
Observatians (0):AT 4 o’% +0’% : at

This provides a test for treatments (1.e. O’% = 0) of T/A:T and also
for differcnceg among animols within troatments of A:T /0s AT
Discussian: The basic errors in the motbhods of detorminine total VP, A,
and ammonia concentrations were extremely small and are therofore unlikely
to interfere with the experimental comparisans made in this study. The
errors in determination of the molar proportions of V.F,:, were, however,

somswhnt larger and indicated the use of mean gata from cduplicates.

The sourcesof variation in voletile fatty acid concentration and molar
proportions of individual acids heve been determined previocusly (VWilsem, 1966),
ang it was shown that time of sampling accounted for fran 50 to 70% of the
varintion in these measurcs of rumen fermemtation, Much of the romaining
voriance was due to day to day veriction and there werc no statistically
significant differences betwoon cows on the same ratiom, This information
implies that differences in cow grazing behaviour botween trectmonts would be
expected to confound the true treatment effects, However, the procedure of
keeping tho cows off pasture twtwvean milking and first sampling at O a.m.,
probably helped to induce all cows to grase for a rensonably lang period
thus ensuring that the diurncl echanges (gee Figure 3.3) in volatilc fatty

ecids were similar for all cows,



The stotistical analysis described was not very efficient for testing
treatment effects where treatment differences were sunll, owing to the
smll number of dagress of frowdom (1 and 2 @£.). Ilowever, it proved
adequate (sce Chaptor 3) in thcat layge differencas are roquired before volatiles
fatty acid proportions are of any significance from an "animel performance’

point of view,

The use of ammonia, total volatile fatty acld and individual volatile
fatty -aum data expressed as a conecentration in a given cquantity of rumen
ligoor, has serious interpretation limitatians in that the total ammimnts
of rumen licuor in the exporimental animals were not meosured and differences
in rumen licuor volume aod or rate of passage associcted with treatments
would be expected to complicate the trectment comparisons, It must also be
remerbered that the amount of these substences absarbed is the vital factor
and while authors have found a correlation between the uptake of volatile
fotty acids and their cancamtration in rumen liquar (Stewnrt, Stewart and
Setmltz, 1958; Leng, Corpett ond Brett, 1968) this mmy not apply under all
circumstonces or with all rations. Rumen concentrotions of total volatile
fatty acids and ammxmia together with the molar proportians of individual
volatile fatty ecids must, therefore, anly be regnrded as providing a qualitative

pieture of rumen metabolism,



CIAPTER 3
EXPERIMENT 1 : MILK PRODUCTION FROM THRBE RYEGRASSES

3.1 INTRODUCTION

The object of Experimant 1 was to axtend the range of ryegreosses that
have alrocady beon compared for nutritive value (sco sectiom 1,1) by
oxanining two annual varieties, Tetraploid Festern Violths and Paroa ryegrass,
Tetraploid Viestern Wolths was doveloped reoecantly by Grzaslonds Division of
D.S.1.E, (aarcla%f'i’s%) and bocause this variety praduces o high dry metter
yield por acre it is a passible altermative to Paroc ryograss, froa an

agranaic point of view,

Paroa ryegrass was chosen because it was known to have a lower
proportion of structural cerbohydrates (Bailey, 1964) than the three
ryegrasses already examined and Vesterm Wolths was expocted to have even lower
values, Ruami ryegrass was included as a third treatmont, first, so that
results counld be related to previous experiments and secondly, to give, within
the same experiment, the widest possible range in chomical compesitiom that

is obtainable fram existing ryegrass varieties at similar stoges of growth,

The ryegresses were coapared in two short-term grazing cxperiments carried
cut in June (Winter, W) and October (Spring, S) 1966, In addition to the
lactating cows threc pairs of non-lactating coes with ruoen fistulao were
uged to agsess the influence of the ryegrasses on the end-products of rumen

fermentation,



3.2 EXPERIMENTAL METTIODS

3.21 Animals and : of ]

Eightoen Fricsian ocows which had czlved about two months previously
vere trensforred from o ratian of pasture, hay end silage, to full pasture
feoding on 7 June 1966, The cows were blocked on tho nsis of milk yield,
end, on 17 Junc 196G, cows within blocls were allocatod at random to tho
three ryefrass groups. The curation of the experimeant was two woeks, during
which the cows in the three groups wore alweys given sufficient pasture to
ensure full feeding, This was achisved by providing tho cows with a fresh

bresk f grecs twice daildy Ly using an elsctric fance,

Twelve pairs of mmarypans twins vere used in the spring experiment in
a balanced incomplete block design (Coehren and Cox, 1950), The majority
of the twine werc Jerseys or Jorsey crosg animels, and all hed calved in July
or August 1966, Ths preliminary period with sll cows grazing wixed pasture
cxmmpnesl on 18 Septenber and the experimental ryograss fecding period of

threo wesiss cammnred oo 3 Ostaber.,

3.22 Pestures

The Parce and Testern Wolths ryegrrasss were sown in peddosks 2,3,4
and 6 as pure swards (Table 2.1). Sowings were made in April, end bhecsuse
the paddocks used hod previcusly carried a parrmosnt mized pasture swerd for
a mmber of yoars and fertility was high, no nitrogen top-dressing was
applied during the experironts., The pure swards of Ruanmi ryegrass used
(Tebls 2.1) hed bean maintainod with sulphote of ammania for a Dumber of
years and 1 cvt. of sulphate of ammonia per ecre was applied two to four weeks

prior to the commencement of each experiment.



3a.

3.23 Sampling and analytical methods

i s Sampling and analyticel methods were as described in 2.4 and 2,5
except that in vitro determinations of organic mtter digestibility were

also mode,

In vitro dipestibility: Tho ground samplos of herbapo used far chenical
anolysos were also used to estimate digestibility, The wothod used weog

th:t of Tilley and Terry (19G1) where centrifuging was replaced by

filtration and orgenic matter was used instead of dry matter for digestibility
calculations, A separate in vitro fermmntation experimont was carried out
for each of the grazing experimonts, Within each experinent four 0.5 g.
samplos of each grass were digested togetier in tho wator bath, In addition
four replicates of a standard grass sample with a knovn in vivo digestibility
(69.2%) and four "blanks” containing rumen liguor anly, were included to
provide "correction factors” for the wnEnowns, Rumpn liquor wos obtained from
a fistulated cow which had been grazing mixed pasture and hzd been starved

Sor 12 hours in order to reduce tho plant residue in tho ruman liquor blanks,
A1l mean rosults werc | carrected” in an additive mommer using aos a bosis the
difference botween the mean data obtained an the standard grass sarplo, and

its known in vivo value (sec Appandix 3,3),

Milk: [Milk ylelds were measured at all milkings and two-day composite samples
wvere taken fram individual cows twice oach week and analysed for fat,

solids-not-fat, and protein contents as desecribed in 2,0,

Rumen liquor: Samples of rumen licuor were tcken from two cows on each of the
three treatments an two cansecutive daye during tho second woek of both

experiments, Samples vwere cbtained and analysed as deseribed in 2.8,



TABLE 3.1

Chemical analysis (on a2 dry matter besis) and dry mettor

content of three ryegrasses usod in xperiment 1
(Standard error of mean),

Winter cxperimemt Spring experiment
"g::g:“ Poroa  Ruanui ggi“z;’:‘ Paroa Ruanud

No. of samplos 2 2 2 4 4 4

Cr.protein (N x G,25) 27.6 28.4 28.8 15.3(1.4) 17.4(1.0) 17.8(0,8)
cr. fibre 12,9 13.5 16.3 18.6(0.3) 19,6(0.5) 22.1(0.4)
Ether extract 5.9 6.4 57 5.8(0.9) 5,8(0.5)  6.4(0.0)
Ash 9.9 10.4 921 9,9(0.8) 10.5(0.7) 8.5(0.4)
Nitrogen-free extract 43.7 41.3 41,1 50.4(2.7) 46.7(1.7) 45.2(1.4)
Soluble sugars 23,8 20.6 18.0 24.8(1.3) 20,7(0.7) 18.3(0.5)
Dry matter content 14.1 13,7 18,2 16.6(1.9) 16.6(2.0) 20.8(2.1)




Cow we =8 Individual cows were welighed each Friday at 9 a.nm,
amring the preliminary and experimntal periods of the spring axperiremt.

Yeights wero recorded to the nesrest 1 1b, on the scale,

3.24 Statistical analyses

Thoe tdllz yleld apd composition data were analysed by covariapce
analyses (Appondix 3.1). The rumem liquor data were annlysed by analyses
of variance, an aexample of which is given in Appendix 3.2, The in vitro
digestibility data given in /ppendix 3.3 were also analysed Ly anclyses of
varionce, The significance of tho differences betwean tikc meon values for

the threo ryegrasses was dotermined using Dubcan's (1955) rmltiple range tesct.

3.3 RESULTS

3.31 Decceription the tures

At the cammmmcamenmt of the expoyiments the Western lolths and Parce
ryegrusses wvere between 10in. and 14in, high anxi the Ruanui Gin, to 8in,
The cherical campasitions of the ryegracaes are givon in Tablo 3.1, In the
winter the crwde fibre content was lovest in festern Volths, intermediate
in Paroa and highest in Ruanul, The total soluble sugar content of theo
ryograsses varied in tho roverse order to that of fibro (Wi >Paroe>Ruamul),
The anly other differcnce ¢f amy great magnitude, betwoen the ryegrasses,
was the higher dry matter contemt of Ruammi ryegrasse cogparwal with the other

two,

bDuring the spring experimeut the protein levels woere lower than in the

winter expsriment, and varicd among the varieties (W7 < Paroa < Ruanui),



YIELD |Ib
40

ast
a6} &
o—0

34 F

32t
FAT o
4.5
4+0
35
PROTEIN
3.6

3+4

WA A

32

I

SNF °b

86

84

0—O
g2l 9

Fig. 7.1 Average daily milk yields and milk compositions
from grouns of Friesian cattle grazing Vestern
Nolths (A), Paroa (0) ani Ruanui (@) ryegrasses
during June. (The first two samples, mixed
pasture feeding).



TABLE 3.2

The yield ond composoition of mllk from cows grazing threo

ryograsses: adjusted mean values for cexpeorinmontal period.
Significant
i‘ﬁ&m Patol Tkl ofs m*;m differences
(7 (P) (R) P<0,01 P<O0.05
7inter experinent
1111k (1b./cow/day) 37.7 37.9 32.6 1,97 - -
Fat % 3.84 4.18 4.19 0.00 - wH <P
V<R
Fat (1b./cow/day) 1,43 1,60 1,35 0.07 - -
Solids-not-fat & 8.54 8.55 8.3¢ 0.06 - -
Solids-not=fat( 1b, /cos/day) 3.23 3.23 2.77 .17 - -
Protein 7% 3.42 3.51 3.48 0.07 - -
Protein (1b,/cow/dny) 1.27 1.34 1,13 0.00 - -
Spring experiment
Hilk (1b./cow/day) 30,5 30,8 29,2 0.49 - -
Fat % 4.G7 4.77 4.72 0.10 - -
Fat (1b,/cow/day) 1.39 1.40 1.34 0.03 - -
Solids-not-fat % 9.16 9,08 8.74 0,07 TU>R P>R
Solids-not-fat( 1b. /cow/day) 2,76 2.7 2.54 0.08 - -
Protein % 3.GG 3.61 3.49 0.04 - P>R
Wwi>R
Protein (1b./cow/day) 1.08 1.00 1.0 0.03 MI>R -

P >R




TABLE 3.3

In vitro org=nic msottor digestibilitios of the
three ryograsses used in Ixperiment 1,

Winter experiment

Spring exparinmnt

testemn Wostern

volths(iny) Torea(P)  Muamud(R)| o000 Paroa  Ruanul
Mean 82.62 80.18 80,54 71,53 70,47 GB.97
S.E. of means 0,33 0.82
Significant

differences

P< 0,06 - =
< 0.01 >R wWi>p -




The crude fibre lovels were higher in the apring thon in the winter but the
ryegrasses ranked in the same oxdser, The scluble suger levels vere similar
in the two experimants and varied in the same order in both cages

(W57 >Paroa> Ruami).

The menn in vitro orgoaic matter digestibilitics for tho three
ryegrasses, in both axporiments, are given in Table 3.3. In the winter
experimont the value far Western VWolths wans significantly (P <0.01) higher
than the values for the other two varieties, In the spring exporiment the
digestibilities were zbout 10 units lower than those in the winter experiment
and although they vere ranked (7>P>R) in tlhw reverse arder to the crude

fibre values tho differences between them were not significent (P> 0,05).

3.32 Milk yield and composi tion

o,

Yiinter experiment: The mean data for milk yield and caposition, sample day
by sample day, are presented in Figure 3.1, and the meon values for treatment
groups, after adjustonent for preliminary period diffaercnces, are given in
Table 3.2. One cow suffered from "grass staggers” (hypanagnesacmia) while
grazing Vestern Wolths ryegrass and subsequently died, so thnt the results

for this group aro the mean values for the ramaining five cows,

The nilk yields froum the Vesterm Violths and Paroa groups were similar,
and both higher than that fram the Ruanui group although tho differences
were not significant (P>0,06), The butterfat percentaoge of the milk from
the Vestern Volths group was significantly lower (P<0,06) than those fram the
other two graups, Butterfat yisld was bance greatest from the Parca group,

intermedinste from the Western VWolths group and lovast fram the Ruamii group.
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TABLLE 3.4 fnolyses om the runen limor fran threo pairs of twinc fed threo

Iy egr5508.
S Total V.F. tioXayr proportions of V. F. A,
Treatment Cow _ . pe 5 cone.
(xx;.g/lm.) (24/100 n1. ) Acotic DPropionic Dutyric
Uinter experinent
Test . Volths( W) 15 29,14 6,25 0.88 59,13 S3.84 17.C3
Ruamal (R) 16 43.57 6,34 10.80 G3,406 18.81 17.74
Vest. Yolths 50 44.04 6,34 11.38 539,88 21,90 18.22
Paroz (P) 80 53.909 G.20 12.78 64,36 20,00 15,65
Paros 121 50,34 G.27 11,50 64,35 20,51 15.14
Ruonni 122 51,05 6.30 11.81 86,03 17.76 16.21
Trentonont Aiff, W7 <R
signif. at 5% alnoet - - - Wi>P -
levol signif,
- ) _ _ <n .
110 191'61 U&;<P \JL’>R -
Spring experimont
West.Volths 1 30.0 8,30 10.90 G7.2 20,2 12.G
Buamud 2 37.0 G.48 10.49 G8.9 17.9 13.2
Paroa 29 38.9 G.40 11.24 G8.8 18.6 12,6
Vaest,Violths 30 24.3 6.35 9,67 GG.7 19.2 14.1
Paroa 119 37.9 6.44 10.68 70.1 18.3 11.6
Ruarmii 120 36.8 36,80 10.87 @, 1 18.9 12.0
Treatmont 4diff
° <R

signif, at - - - T <P - -
level

Wi<P
q - - - - -
1% leveld Mi<R
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ig.3.2 Diurral variations in volatile fatiy acid and ammonia
concertrations of rumen liquor, from individual cows grazirg
three ryegrasses during the winter and spring experiments
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similar for twin pair mates).
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The solids-not-=fat percontage in the milk anxt the sollds~not-fat
yield produced by the Ruammui group was lower than the corresponding values
for the other two groups but the differonces were not scignificant, The
protein yield wes lowest fram the Ruanul group but the differences between

groups were not significant,

S 2 riment: The nilk yield and composition data Zor the spring
grazing experiment are presented in Fipure 3.2 and the adjusted data in
Table 3.1, Tho milk ylelds, fat percentages and fat ylelds for the three
groupe werc very similar, Nlovever, the solids-not-fat and protein
percentages were highest for the Western VWolths group, intermediate far the
Paroa group and lowest far the Ruamil group. For both tilvwso variables the
differonces between the valucs for the Ruaani growp and the other two
varieties were stztistically significant (P<0,05), In addition the protein

yield from the Ruanui group wes reduced significantly (P<O0,01).

3.33 Characteristics of rumen liquor

Tho moan pH, volatile futty aeid cancentrations, ammonis concentrations
and molar proportions of individual fatty acids in tho rumen licuor taken
from the three mirs of twins grazing the ryegrasses in tho tvo experiments
are given in Table 3.4. Tho significance of the difforonces bLetwean mean
values obtained for ryegrass treatments is also indicstod. In arder to
illustrate the variation presant within the mean data, diurnal variations
in volatile fatty acid and nrronia concentrations for individual cows grazing
the three ryegrasses during the winter and gpring experiments have been plotted
in Figure 3.3, and the diurmal variations in the molar proportions of

individual volatile fatty acids in the winter exparimant in Figure 3.4.



In the winter oxperimpat the ammaomis cancentrations in the rumem
liquors from the cows grazing Western Volths ryegrass following the
cameronent of grazing, were cansiderably lower thon the corresponding
concentrations obtained from the cows grazing the other ryograsses,

Therce were no consistent differcnces betwveen treastmants for pi or total
volatile fatty acid coocentraticn, The nolar proportions of indivicual
fatty acidse in the rumen liquor praduaed from the threc ryegraases, however,
differed markedly, The mean figures for the two cows on each of the
rysgrasses vere: Western Wolths 59.2, Parca 64.3, Ruapui 64.8 for acetic

acid and Western Wolths 22.9, Paraa 20.2 and Ruamui 18,3 for propionic scid,

The results for the spring experiment followed the samp puttera as
those for the winter exporiment except that all the emmanir lsvels were lower,
apd the molar propartions of acetic acid highar and propionic acid lower,
than in the previms experimant, The only treatment differances to reach
significance were the differences between Western Volths and the other two
ryegrasses for ammonia concentration and for the molar proportions of scetic

acld (P< 0.08).

3.3 Dody weight

Following the transference of the cows from nixed pasture feeding to
the tyograss treatments, the covs grasing western Wolths ryegrass apparantly
gained 4 1b. body weight (mean of three, weekly weighings)., The correspanding
gains made by the couws grasing Param and Ruami were 11 1b, and 20 1b,
respectively. The weight cinnges made by the three groups of cows following
the changp back to the sized pagture at the completicn of the experimont were
in the reverse relative order (Westerm Wolths + 14 1b,, Paroa + 12 1b,,

Ruamii + 4 1b.).
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3.4 DISCUSSION

The ryegrasses exardned gave a rango of veluos for crude fibre, protein,
apd total soluble sugers vhich was greater than that obtained in previous
experiments, (Vilson and HcDovall, 1906C) so that the originnl objective of
using addit.onal ryegrass varictios to provide greater cxtromes in chemical
camposition was achileved, These wariations 1led to voriaus statistically
sigmificant varistions in milk composition which wero nlso of a greater

magnitude than thogse obtained previously.

Winter experimont: During the winter experimont tho threo groups of cows
produced eithor different ylelds of mllk, or milk with a different campasitiom,
when offerod unrestricted acceas to the ryegrasses., The nilk ylelds from the
Western Violths and Parocc groups were similar, mut tho butterfat percentage
(P<0.06), and banco the butterfat yield, was lover fram the Vestern Volths
group.

Vostern Volths differed from Paroe in that the crude fibre content of the
dry matter was lower and the total soluble sugar content threo percentage units
higher (Table 3.2}, This differance in the ratio of readily avail:ble
carbuhydrates to the "'fihrous fractiom” probebly sccounted for the higher
proportian of propionic acid and lower praportion of acetic acid in the rumen
liqor (Table 3.4), and 18 in agreament with the revsultsc of Tilley, Derias
apd Terry (1960) vho famd a positive correlatian between the soluble earbohydrate
cantent of pasture and the proportion of propionic acid. The relatively high
levoel of proplanic acid and low level of acetic acid in the rumesn liquor of the
cove grazing Vestern Volths was probably responsible for the depressed
mtterfat percontage in the milk produced by these cows., This canclusion is

sugpested by a mmbeor of exporiments in which depressions in the butterfat



content of 1k have been chtainod when cows are fed diets low in roughage
and high in starchy concantrates which also lead to lovw acetic and high
propionic acid propartians in the rumen (e.g. BDalch, Balch, Bertlet, Cox
and Rowland, 1852), In addition, intra-ruminal infusions of propianic
acid have led to reductions in the butterfat percentage of milk (WVilson,
Davaey and Dolby, 1967), Thoro is, however, as far as the author is aware,
only one previous report of yaduced fat percentcges in ridlk vhich mny be

related to camposition changes in forages (lMcClymant 1950),

The low milk yleld obtained fxam the covs grazing Muanuil ryegroas during
the winter experiment is difficult to explain fram the voricbles mensured,
but it is in lipe with results from a previcus experiment in which Ruami
vag compared with Honawe ryograse (liilson and Mcbowall, 1836), In viev of
the smll differances in orpganic matter digestibility (Tablo 3,3) the most
probably explanation 48 a lovared voluntary intake of Ruanni ryegrass, It
is well estcblished that a restriction in the level of foeding leads to
lovered solids-mot-fat percentages in milk, and this occurred in thoe present

experimant (sec also 1.55).

"

Sprinz experiment The butterfat content of the milk procuced by the
VWestern Yolths group in the spring experiment wns not reduced, The crude
fibre content of the ryegrass wags approximately 8% highor during the epring
axperimput, which could accaunt for the higher ecetic acid and lower
propionic acid proportians in the rumen liquor and hence tho lack of a

redoction in fat percentagre.

¥ilk yields and buttexfat percentaogep were wvery siniler during the
apring experiment. Hovever, the solids-not-fat contant of the milk produced
by the Ruanui groap was significantly reduced (P<0.0i), Part of this
reduction wes ncoounted for by a reducticn $n the protein percentage but

lactose was probably also reduced,



A difference of 0,42 portontzpge units in solids-not-fat percontage
cannot be explained entirely by a change in the plance of eomerpgy mutrition,
as the millk yicld of tho Ruamui group was anly slightly lowoer timn that
produced by the 'estorm Volths group. The body weight chonges observed
in the spring ezporimont camot be used to eantribute towards the evidonce
for or agzinct underfeeding of the cows grazing Nuanni ryegrass as the
experimnt wes very short and therefore the weight chioenges wore probably due
to differences in digestive tract "£111" raother than to true differences
in body welght. llence the high apparent body woight goin made by the group
of cows grazing Ruamnil rycgross was probably due to a slowor rate of passage
of digesta brought about by the higher crude fibre content and lower
digestibility of this variety of ryegrass. Ixperinmental evidence supporting

this suggestion hes been cbtained using sheep by Johns et al, (19G3),

thile thore is ovidence from infusion experimemts thet waristions in the
proportion of propianic ecid in the rumen liquor are assoclatod with variastions
in the colids-not-fat percentage in the milk (¥ilson gt al., 19G7), it socms
unlikely that the 1% to 2% differcnce in the proportions of propionic acid
produced by tha cows an Ruanul amxd Western Volths could produce tho observed
reduetiaons in solid-not-fat percentage, The possibllity thnt tho relatively
lov levels of propianic acid prajuced by the Ruamui covs wore at least partly

respansiblo for the reduced solids-not=fat cannot, however, be rulod out,

The relatively high lovel of soluble carbolhiydrate in the Western UVolths
wag probably respansible for the lower smmonta cancexrtraticn in the rumen
liquor (Fig.3.3) slthough in the spring experiment tho lowor level of protein
in the ryegrzss prouubly also contrisuted to the lower amrmnia levels obteined.
The differences in the rumcn armonia coacentratian sugpest thot interactions

betwoaen the level of readily available carbohydrate and the lovel of protein



could affect tix utilisation of protein and bence the protein cantent of
the milk, Chalmers snd Marshell (1964), for example, have damanstrated

sp inverse relationship betveen rumen armxnia lsvols and nitrogen retentiom,
and llead and Fook (1957) have shown that added starch is effective in

controlling the urinary wastege of nitrogen.

The eeparate effects of a slightly lower plano of cnorgy mutrition
and & higher rotio of acetic to propiocnic acid in the rmuen liquor seeam
unlikely to explain tho lowered solids-not=fat 1lovels obtained in the milk
from the Ruami group, nnd the impartance of the ratio of soluble carbohydrate
to protein contents in the pesture in possibly affecting solids-not-fat
contents clearly awnits further experimemtation. Howeowver, ane possibility,
thnt must be borne in midnd, is that two or more of these factors acting

gynargisticnlly mey have prudiuced the ahsemved effect.

3.5 SUMRMARY AND CANCIDSICHNS

Tetraploid Western Wolths, Paron, and Ruamii ryegrasses wore compared in
terms of their effects on milk yield and compasition, A winter and a spring

experiment were carried out,

During the winter experircent, when groupe of Friesian cattle were used,
the cows on Wostern tolths and Paroa ryegrasses proaduced similar yields of
milk, but the nilk fram tho Vestern Volths group was significantly lower
(P<0.05) in butterfat parcentape thon that from the other groups. This
reduction was associnted with a decreased proportion of acetic acid and an
increased propaxtion of propionic acid in the rumen liquor, It wms
considered that these changes in rumen liquor, hroyglit about by a high ratio

of soluble carbohydrates to eride fibre in the 'Bstern Wolths ryograss,

adematoly explained the reduction in fat percentege obtained.



In the spring experipont, when lactating nmanomygous twin cattle
were used, milk yiclds axd butterfot parcentages were sinilar for the
threo groups, but the protein and ''solids-not-fat= rutein’ canicnts of
the pilk producced by tix covs grazing Ruonuil ryegrass wore sipnificantly
dopressed, No adequate explanation for the reducticms could be
sugpested and it was decided to design further experitionts to exivndne
the possibility that intersctians betwean the level of available
carbohydrate and the level of protein in pastures may affoct the
utilization of protein and honce influence the protein contont of rdlk

(8ce Uxperinents 3, 5 and G),

The data from these cxporiments have been published (i7ilson and Dolby, 1967).
Samples of blood were 3lso cbtained at regular intervals from the individunl
cows used in these experirents and analysed for wuineral campocition by
D.S8.I.R. staff, These data, which do not farnm part of tihic present study,
have also been published (Butler and letson, 1567). It is relevant, however,
that the cowe grazing Ruamil ryegrass had lower blood magpesiun levels than
the cows grazing thc anmal varieties. The poesibility that hypamgmesncemio
nay indace changes in milk yield or cumposition, thercfore cxists, Howover,
as it is prabable that othor factors such as level of fecding which affect
milk compasition will also affect blood nogneshum levels, the association

between the two varisbles is unlikely to be a easual relatianship.
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CIAPTER 4

CXPERIMENT 2 : MNILK PRODUCTION FROIT RUAIRX

RYBGRASS AT TWO STAGES O (ROVIIL.

4.1 INTRODUCTION

Provious experiments {(gec 1,2) sugpest that weristions in stage of
grovth within ryegross vorieties hnve a considerablo effect on the nutritive
value of pastures, In fact there is comsiderzble cvidenco (e.g. Armstrong,
1964) that difforences in stago of growth are more importsnt as a source of

varistion in nutritive value than differences betwveen spocles,

This experinont wae undertoken to examine tho effect on milk yield and
camposition of cows grazing Ruanul ryegrass at two stoges of grovth, Ruanui
ryegraos was clvsen rather thon any other variety for a mumbor of roasons.
First, it wog coamsidered thot this ryegrass probably differed to a greaster
extent cherdeally, with stage groeth, than the less persistent varieties,
Secondly, it provided tho opportunity to exmpine furthexr tho possibility thet
thoe production differancas obtainod betweon Mannwe or Arii:i ancd Ruanui
ryegresses (Vilson, and MeDowyl 1066) may have bean associnted with the grozing

of the Ruanul ryograss pasturo at an above-optinm grasing height.

A short prcliminary experiment (A) was carried ocut in llovember, 1964, and
the cows praging the short (less moture) rFyegrass produced milk which contained
a mch lower solids-note=fat content than that from tho cows grazing the lang
mture ryegross, A second exporiment (B) was therefore undertaken, in the
following November, in which the mmber of cows uBed was increased, the milk
was analysed more campletely and ruman-fistulated animnls were included in the
experizmnt so that the importance of peossible variztions in the end-products of

runen fermentation could be measured.



TABIE 4.1

Experinent A:
Pagtures
Treatments

Description

Date posture closed

(M 4) SO, applicd/acre

274

Experimcntal Dates

RBuanui 088

G = 10 inchas lang,
sans seeding

27 Cect.
18 mg. (1 cwt.)

14 Sept. (1 cwt.)
27 Oct. (1 cwt.)

Experimental details for Experiment 2.

Long Ruamui ryegrass

8 = 13 inches long,
cansiderablo seckiing

22 Sept.

14 amg. (1 cwt.)
14 Sept. (1 cuvt.)

Pre-experimentel period (mixed pasture) 25 Oet. - 15 Nov.

Experimental period (short and long Ruanui ryegress) 18 Nov, - 8 Dec.

Description

Dato pasture closed

(u ), 80, applied/acre

Experimental Dates

Five pairs of monozygous twins,

3 pairs Jersey, 1 pair Jersay x Fricesian,

1 pair Jersey x Ayrshire,

28 Sapt.
7 g, (1.5 cwt.)
20 Sept.(1.5 cut.)

Pre-experimental period (mixed peasture) 37 Oct. - 12 Now,

Experimental period (short and leng Ruanui ryegrass) 12 Nov, = 30 Nowv.

Apimols

Number of cows used.

Breed of cous

Seven mirs of momozygous twins,

S pcirs Jersey, 1 pair Jereey x Friesian,

1 pair Jersey x Ayrshire.
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pairs in D, All of the cows, which had calved in July or August, were

grezed togetheor for a preliminary period on mixed pasture. Following

this pariod, the cows within twin sets were azllocated at random to the two
treatmant groups (lang and short Roamii ryegrass). Tho axperimmntal dates
are given in Table 4.1 together with a gmeral description of the cows and
pastures used. The objective of mansgoment was to ensure that, throughout
each experiment, cows in the two groaups werc offered sufficient pasture to

ensure maximm voluntary intakes.

Pastures: Five paddocks containing pure swards of Ruanul ryograss

(soe Table 2,1) were used in each of the two experiments, Two paddocks

were used for obtaining "long” pasture and the remoining three for “short ”
pasture, The details of fertilizer rates and dates of application together
with the dntes on which paddocks were closed are given in Tableo 4.1 for the
first paddocks to be used in each experiment., In cases where two or more
paddocks were used, the fertilizer rates were similar within treatments, but
application dates were spaced at approximstely weekly intervals. Pastures
were toppod just prior to the closing up of a paddoc: in arder to provide

a gward of reesonably uniform height,

Herbage ond Milk: Sampling procedures and snalytical methods were as deseribed
in Sectioms 2.4, 2.5, 2.6,



TABLE 4.2

Chemical analysis (on a dry metter basis) of tho chort and long

Rucmi ryegress used in experirents 24 and 280 (Staxiard error

of mean).

Cxperipont A Exporinont B

Short Lang Short Long
Numbor of sanples 3 3 2 o
Crude protein (Xx G.25) 21.9 (0.6) 13.0 (0.3) | 18.0 (0.1) 15.5 (0.8)
Crude fibro 23.0 (1.8) 24.7 (2.1) | 23.3 (1.1) 28.2 (0.1)
Ether extr:ct 5.4 (0.8) 3.8 (0.1) | 3.3 (0.3) 2.5 (0.3)
Ash 10.3 (0.3) 7.6 (0.3) | 9.0 (0.1) 7.1 (0.8)
Nitrogan-free extract 38.5 (2.7) 50.9 (1.8) | 46.4 (0.4) 46.7 (2.5)
Soluble sugars - - 15.4 (0.7) 13.9 (0.6)
Dry matter contont 18.1 (0.3) 20.4 (0.2) | 15.7 (0.G) 24.8 (0.8)
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(The first two samples, mived pasture feeding’.
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TABLE 4.3 The yield and cogpooitian of milk fron cows gracing Ruami
ryegrass at two stegoes of growth:
for exparimental period.

Oxperiment A: 15/11 = 8/12/¢4,

adjusted menn values

Short Long 8,8, of | Signif, of
grozth grovth meang difforence
Milk yteld (1b,/cow/day) 26.8 25,2 0.27 p<0.01
Fat % 5.08 2.75 0,11 .8,
Fat (1b./cov/day) 1.33 1,17 0.04 P<0.05
Solids-not=-fat % 8.68 8.98 0.05 P<0.01
Soldids=-not=-fat (b, /coww/day) 2,32 2,27 o.ce H.S,
Cxperiment B: 12/11 = 3C/11/G5,
2ilk yield (1b./cow/cay) 24.9 23.4 0.28 P<0.O
Fat % 5.20 4.84 0.15 H.S.
rat (1b./cow/day) 1.30 1.00 0.04 P<0.01
Protein % 3.82 3.63 0.03 P<0.01
Protein (1b, /cow/day) 0.4 0.81 0,2 P<0.O1
Sclids-not=fat % 0.22 8.98 0.03 N.s.
Solids-not-£fat (1b,/cow/day) 2.30 2.06 0.4 P<0.01




Bumen licquor: Samples of runon licuor were taken from two peirs of
fistulated twins on two cumsecutive days during the secopd week of

Cxperizamt B, Semples were obtained axi apalysed as described in 2.8,

Statistical methods: These wore 28 described for Cxperiment 1 (3,24),

4.3 RESULTS

The results from the anolyses earried ocut on the pasturo samples are
given in Tableo 4.3. Although it was intended thaot Exporiment B should be
an exact roplicate of A, the pastures used in Ixperiment B wore longer and

more mature than those used originally,

In both experiments the lopg (and morv meture) pasture was lower than
% e short in crude protein, ether axtract, and ash contont, ani higher in
crude fibre cantent, but the extent of the differances betvean treatmants
diffored in the two experizeuts, The difference in tho crwude protein
cantent between treatments in Experimont B was smller (2.5 cagpared with
8.9%), and that for crude fibre larger (4.9% campared with 0.8%), than the

corresponding differences in Dxperiment A,

4.32 Ml yield ond composition.
The sdjusted mean data for milk yield and composition sre givem in
Table 4.3, and the ariginal data are plotted in Figurcs 4.1 and 4.2 faor
Experiments A and B respectively.
In Experiment A tho covs grazing the short pasture prodiiead more milk

(P<0.01) vhich wes slightly highor in butterfat percentage and very mch

lower in solids~-mot-fat percentage (P<0.01). The difference betwean the



TABLE 4.4

inalyses an the runan liquor from two pedrs of tvins grazing short and
long Ruopul ryegrass in Experiment 2B.

ML ocanc. Totel V.F.A, | Polor propartient of V.F.A.
Troatoent Cow BN/IOO ol pa 21/100 ml
s ‘ ' * | Aocetic Propicnic Butyric
Long (L) 15 14.4 6,72 9,23 71.25 16,285 2.80
Short (8) 16 27.6 6,42 11,35 67.80 17.G0 14.680
Long 121 20.3 6.70 8,78 70.45 17.06 12.50
Shart 122 230.4 6.39 11 .41 71.10 15,80 13.40
Trestment
differances
signif. at:
1 loavel S>L - - = = -
&% lovel - S>L
1% L>8
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Fig.4.3 Diurnal variations in V.F.A. and NHg concentra-
tions of rumen liquor from two pairs of twin
cows grazing short (@) and long (0) Ruanui rye-
grass in experiment 2B (1965). (Connecting lines
similar for twin pair mates).
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agjusted treatront moans for solids-not-fat percentage was 0.30%., The
butterfat yicld was higher (P<0.05) from the group grezing the short

pasture and tho sclids-not=fat ylolds did not differ significantly.

In Ixperiment B the cows in both groups produced considerably less
nilk following the change to poro Ruemui ryegrass focding and again the
cows grazing tho short pasture produced a higher yield of rmilk (P<O0,01)
than those grazing long pasthrre. The butterfat percantage in the milk
from tho cove graging the shart pesture was s8lizhtly highor and the
solids=-not=fat and protoin percentagos together with tho yields of all

comparents, vare oonsiderasbly higher tban the carresponding values from

the covs grazing the long pasture,

4.33 Rumen fermentation.

The mean I, volatile fatty acid cumrentration and acmania
concentrations in the rumen liquor sasples frum the two pairs of fistulated
tvins which grazed the two types of ryegrass in Expericent B are given in
Table 4.4, ThaBe differences between trestment nsans vhich reached
significance are elso indicated, The diurnsl variations in volotile fatty
acids, ammxmia cancentration and molnr proportions of acotic, propionic and

butyric acids are 1llustrated in Fignres 4.3 and 4.4,

The sarples of rumen fluid from the two covs grazing short pasture had a
lover pil (P <0.01) and contained higher cancentrotions of ammonda (P < 0,10)
amd total volatile fatty acids (P<0.06) than the carrcspanding values obtained
fram their twin xates grnzing long pasture, The mpen moleor proportions of
acetic, propionic and butyric acids in the rumen licquor froc individnuel cows

were all sinilar,



4.4 DISCUSSION

In both experimonts the cows grzzing tho short pasture produced nore
milk than those on the lang pasture., The milk ylold differences obtained
between ryegrass vorietics in previous experiments (1ilson and lieDownll, 19GG)
night thorefore have been smaller 1f the Ruamii ryegrass had been greged at

a sghorter stage of grovth than the other two varieties,

The outstonding feature of the first experimnt (A) wes the significantly
(P<0.01) lowor solids-not-fat percentage in the milk prodiced by the covs
grozing the short Ruanui rypgrmgs. Unfartumately, protein and/or lactcse
pexceantages in milk were not determined in this experimemt so that the
fraction of solids-not=~fat involved in the change could not be ascertained.
Changes in solids=not-fat percantage of the order obtained in this
exporinant (0,30%) have proviausly been obtaimed anly after reductions im the
feeding level of cows or by using feeds containing veory low cancsntratians of
protein (sec review 1.55). Although the change from mized pasture to Bumnui
ryegrass did involve a reducticn in the plaps of nutrition, as indicated by
the clonge in milk yiold (Fig. 4.1), the fact thot the cows grazing short
ryegrass produced significently (P<0,01) more milk than those grazing the
lang pasturc indicated that an sdditicnel factor, apart from feoding lovel,
wag responsible for tho lov solids-mot-fat percentage obtained. This fector
was presumebly related to the chemieol composition of the short Ruamni ryegrass.
Of the eharacteristics moasured, the contents of crudo protein and ethor extract
were higher in the short ryegznss, ané the levels of nitrogen-free extract were

considerably lover than the corresponding values for tho lang ryegrsss.

In the second experiment (B) the milk yields for trestment groups were in
the same order as for tho first experimemt, but tho depressians in the oilk

yields were mch greater following tho change to pure ryegrass feeding. In



51.

cantrast to Exporiment 4, the solids-pot-fat percantage in the milk in

this exporinagnt wee highor from tho short pasture thon fron the long.

The pastures in B wore longer ond more mature than those used in
EBxperiment A, This wag refleched in the lover camtait of crude protein
in both rycgrasses and ths much higheor level of erude fibre in the Iong
ryograss in Exporimant B. The long ryegrues would be expected to be of
low digestimility in visw of the high crude fibye contont of this ryegrass,
apd also to lesd to lower lovels of intake (Baoxter, ‘ainmon, and Wilsonm,
1961, nnd section 1.2), both of which could have becn respansible for the
rapid dopression in milk yield and the low solids-nmot-fat percentages
obtained in tho milk, The finding of a lower concontration of volatile
fatty acids in the remen liqior of the two cows grazing lang ryegrosgs,
compared with the values fram thelr twin pailr matos gracing short ryegrass,
supported the suggestion thnt the depressios in milk yield and solidsenot-fat
pescantage in Expoeriment 3 was due to a rodueed lovel of feeding, 8everanl
workers have gshown thot a positive relcatianship sxists betvween lewel of
Peeding and the volatile fatty acld cancemtratian in the rumen ligeor

(Davey, 1964; U4illiams and Christian, 1956).

The differcnces in runinnl cmmonis canrentrations betvean trectmemts

1 beeause of the difforent nitrogen contonts of the two

ryegresses, but probably intake differonces betveen treatmxnts may also have

contributed,

The ebort pastures in the two experiments which resulted in different
changes in golids-not-fat percentage dif fered in chemical camposition,
These differcrces included higher levels of crude protein and ether extract
and a lower ievel of nitrogocu-frec extract in the short pasture used In

Expertment 4. These garme differaxes in pasture ecmpasition also cecurred
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betwvean the short and lang pasture used within Experiment A so that the

need for further stulies of pmstures high in crude protein and etber extrzct,
and low in nitrogen—-freo extract was indicated, It 18 2130 rclovant to note
that the Rusmiil ryegruss used in Experirment 1 (see scctiaon 3,3), which
rosulted in a low solidse-not-fat content in the mill: comparad with values
fron cows grazing tho annual varictiss of ryegrass, wos high in crwxde protein

and low in nitrogon=-froc axtract relative to the othor ryegroasses.

4.5 SBEARY AND CARCLUSIONS

The offects of cows grazing short and long pastures of Ruami ryegrass
en tho yleld anxl camposition of the milk were cogpared in two axperimants,
Tho cows grazing: short pasturc produced gignificantly (P<0.01) more milk in
hoth experinents than those grezing lang pasture, The butterfat percantage
in tho milk from the two groups did not differ, while tho solids-not-fat
percantage wag deprussad by tho sbort pasture in the first expariment (P<O0.01)
and hy the lang pasture in the sccand, It wag sugrestod thnt tho depression
in solids-not-fat caused by the short pasture, in Experinment A, wns associated
with the chemical composition of the pasture which wus high in erude protein
end ether extrzct and low in nitrquer=fyee extract but the depression cansed
by the long pasture was probably associated with a lovoroed intoke of

digestible aneryy.



CHAPTER &

EXPERIMENT 3 : MIIK PRADUCTION FRQU IIIGI AND

3.1 INTRODOCTION

This ezxporimont was designed specifically to examine further the
production of rdlk containing a low solids-not-fat percentogce whon cows
graze Ruanul ryegrass. In both the previocus experiments (1 and 2A) the
Ruami ryegxuss which depsessed the solids-not-fat percoutage cantained a
higher content of cxuie protein and a relstively low contont of nitrogen-

frec extract axmpared with tho othear grasses used in the expericents,

In the presont experimant a comporison wos made of the milk productions
froo two groups of cows grazing Ruanuil ryegrass pastures differing in
nitrogen content, but at similar stages of growth. Thoso pastures were
obtained by the application of twvo differemt levels of nitrogonous fertiliser,
The high nitrogon treatnant was also expected to produce rycgrass with a low
soluble sugar contemnt (Dryant and Ulyatt, 1965), and probably a low content of

nitrogen=frec extract (see 2,5).

Bacause a low soluble suganr cantont in pasturcg can bo associated with the
procuction of low cwolar propartians of propionic acid in the runen liquor
(Tilley, Deriaz and Terry, 1960) and propionic acid infusicns increase the
prodnction of milk protein (soe 1.86), it was considerod necessary to include
fistulated animals in this experiment so that wvariations in the exi-pxruticts

of fermantation could be measured.

The experinents of Bryant and Ulyett (19G5) and Dryant (19GS) suggest
thnt not anly do pastures which have received high quantities of nitrogen

fertilizor have a lowerwl soluble sugar cantent they also have a high non-



TABIE 5.1 Cxperimental deteils for Cxperiment 3,

Pagturecs
Transtoonts il N Ruamni 88 Low N Puanui ryepross
Descriptian 8-12 inches long, 8-12 inchos long,
sono seeding, sooe eeoding,
Date pagture closed 286 Oct. 15 Cet.
2 evt. (NH,),SO0,/scre 15 rug., 15 Sopt., 20 Sept., 15 Oct.

18 Oct., 20 Oct.

Experimental dates
Pro—experioental period (nixed pasture): 25 Oct. = 10 lNov,
Experimental period (high N v lov N): 10 Nov. - 24 HNov.

Hitrate adrdnistered to (ows grazing low N: 24 Nov. = 30 lov.

Apipa

Ihber of cows used - [ight peirg of oanozygous tvins

Breed of cows - & pairs Jersey, 1 pair Friesian,
1 pair Jersey x Ayrshire.



protein nitrogen content (GC -~ 100% of which is nitrate) which may we
rosponsible for the production of high acetic to propianic acid ratios

in the rumen liquor, Because of the possible importance of thesc findings
in the present experimsnt, the non-protein nitrogen content of tihe two
postures wag determined, In additian the effect on millk yield and
caposition of administoring 100 g. potassium nitrate per day to two

fistulnted couws grazing lov nitrogen pasturcs was cexamined,

The alkaloid content (mainly perlolino) of Ruanui ryegress is known to
vary considerably (Johns, 1963) ond althouch there are no roports of alkaloids
causing hermful effocts in animalg, the report of Cunninghen and Clare (1943)
that low caneentrations caused the death of paranapecic (in vitro) sugpested
that mmen protozoa may be similarly affected, As a posciblo change in rumen
oicroflora mny oxplain the changes in milk camposition obtained, the alkaloid

contecnt of the two types of ryograss was determined,

5.2 EXPERIMENTAL METTIODS

5.31 and des of ts,

Bight pairs of mmacygous twins which had ealved in July or August
wore granzed together for a proliminary period an mixed pasture, Following
this period cows within twin gsets wore allocated at random to the two
treatoent groups and then allowed to graze the high or low nitrogen pastures

for & further tvo weeks (see Tadble 5.1).

After the ond of the exporirmmtal period the two f£istulated cows (18 and
121) which had been grazing the low nitrogen pesturcs, sore kopt on the sanme
pasture for a furthor week and potassium nitrate (50 g. twice/day) was

adninictored to the rumean of each cov during milking (G,30 a.n, and 3.30 p.m.).



The objective of monngerent throughout the axperiment wos to see that all

cows were offered sufficient papture to ensure maximm intakes,

Pastures: Two paddocks of Ruami ryegrass were used for each of the
treatments. During the spring period prior to the cxpceriment 8 cwt./aere
of amonia sulphate was applied to groince the high nitrogen pestures and

4 cwt./scre for the low nitrupgan pastures, Details of the dates of
application of fertiliser aro given in Table 5.1, In 2ll cases the datcs
shown aro those spplicable to the first paddock to be gruesd, and the secaxd

was treated similerly but about a week later.

5,22 Sampling and analytical methods.

Herbage and milk: Sampling procedures and analytical methods were as
described in soctians 2.4, 2.5, and 2,6, except that the nan-protein nitrogen
and total alkeloid contents of pasture sapplss were slgo determnad, The
mob=prodein pitrogen contont e=s dotermined an the water soluble fraction of
the alcohol extract used for soluble sugar detsrulnations, the nitrogen being

determinad after a Kjeldahl digestion following a pre-reduction of nitrate
(Iusphries, 1956), For the determination of the total alknloid comtent of

the ryegrasaus the method of Bothorst and Reifer (1943) was uaed.

Rumen liquor: Samples of rumEm liquor were taken fram two paira of fistulated
tvins on two cansscntive days Guring the secand week of tho experimmtal period,

Samples were obtained and analysed as deseribed in 2.8,

Statistical methods: These were as described for Exparinent 1 (3.24).

6.8 RESULTS

5.31

The raesults from the analyses carried cut on the sarmples cobtained from



TABLE 5,6 Chamricsl analysis (an a dry matter basis) of the
high and low nitrogen Ruami ryegrass used in

to

Experinent 3 (Standnrd error of mean),

IIigh NH.

Low Ii.

No, of sanples

Crude protein (N x 6,25)
Non-protein nitrogon
Total alkaloids

Crude fibre

Ether extract

Ash

Nitrogen-frec oxtract
Soluble Sugars

Dry matter content

20.1 (0.85)
0.31 (0.05)
0. 056

21,1 (0.98)
4.9 (0,12)
8.1 (0,18)

45.8 (0.08)

12.2 (0.50)

20.0 (0.20)

4
16.4 (0.30)
0.24 (0.08)
0.043

22,6 (0.830)
4.5 (0.27)
7.7 (0.11)
48,9 (0.11)
13.9 (0.91)

21.6 (o0.21)
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Fig.5.1 Average daily milk yields and milk compositions
from two groups of twins grazing high (@ ) and
low (O0) nitrogen Ruanui ryegrass. (The first two
samples, mixed pasture feeding).



TABLE 5.3 The yield and cormpasition of milk from cows grasing Ruapui
ryograss pastures vhich hed roceived two lovels of nitrogencus
fertilizer; adjusted mean valuces for axporimental pezriod
(10/11 - 24/11/686).

Hgh N Low N Sﬁsm‘f sxg;{.}.or
Iilk yield (1b./cow/dey) 27.8 26,3 1.0 N8
Fat % 5.13 5.43 0.11 | Iu.s,
Fat (1b./cow/cay) 1.56 1.43 0.06 |mu,s.
Protcin % 3.59 3.70 0.8 |[P<o.,01
Protein (1b./cow/day) 0.98 0.97 0.04 |n.s.
Solids-not~fat % 8.87 9.13 0.06 |P<o0.01
Solids-not~fat (1b,/cov/day) 2,46 2,38 0.11 N.S,




TABLE 6.4

KNO

Tho yielc and composition of nilk from two cous given 100 g.
daily (in two dases) via the rumen fistulac,

Pralin.Period Exper, Period 100g. RJIJSIday
(Mixed pasture) | (Low N Ruanui ryc) (Low N Ruafui ryo)
25/10 - 10/11 10/11 - 24/11 24/11 = 30/12
Milk yield (1b./
cow/day)
Cow 10 25,1 23.6 22,8
Cow 121 31.9 27.9 a8.0
rat %
Cow 10 5.18 5,40 5.53
Cov 121 4.82 5.42 5.40
Protein %
Cow 16 3.75 3.65 3.64
Cow 121 3.56 3.40 3,35




TABLE 5.5

Analyses op tho rumen liquer fram two pairs of twing grazing
high snd lov nitrogen Ruanui ryegress in Experiment 3.

Treatoant Cow 1¥I,. conc. pil Total V.F.A, Bokar proportioms af V.F. A,
©g. ﬁ/lCO ml, /100 ml, Acetic Propionic Dutyric
High N (IIN) 15 30.7 G,.49 11,3 Gs.1 19.4 12.5
Lowv N (IN) 16 20.3 6,33 11.0 70.0 i17.0 13,0
High N 122 31.2 G.44 11,9 69,0 18.4 12,8
Low N 121 19.8 G,.34 11.3 70.9 1G6.8 12.3
Treatnent
differences
signif, at
10% level - - - HN <IN - -
§% level - - - - 1IN <HN -
1% level IIN > LN HN >LN - - - -




the two pasturee are given in Table 5.2. The high N pasture coogpared
with the low N pasture was substantially highse in crude protein, and
slightly highor in nan=-protein nitrogon, ether extracet end aoh contents,
On the other hand the nitrogeo=free extract, soluble sugar and crude fibre

cantents wero slightly lower in the high N pastures.

5.32 Milk yield and composition.

The mean data for milk yleld and compasition are illustrated in
Figure 6.1 and the adjusted date are given in Table 5,3. The milk yield
praducad by the cows grazing high N ryegrass was slichtly higher than the
yield praduced by the low N group, The butterfat parcontage in the milk
produced by the high N group was slightly lower and tho solids-not-fat and
protein percantagos significantly lover (P< 0,01) than tho corresponding values
far the milk fram the cows grazing low N ryegrass, Int, solids-not-fat and

rotein yields from the two groups did not differ significantly.

The yield and compasition of tho milk from the two fistulated cows was not

affected by the adminigstration of potassium nitrate (Tablo 5.4).

5.33 Rumen fermemtatian.

The rumen fermantation data are given in Tablo §.5. The rumen fluid
from the two cows grazing high N ryegrass had a higher pll ond cantained mch
higher concentrations of ammonia (P<O0,01) then tho corresponding valuns
obtained from tho cows grazing low N ryegrass. Thaxo were anly minor
differences prosent betweon treatments for total wolatile fatty acid
capcentrations ami emall, but significant, differencas betweoen the molar
propartions of acetic and propianic aecids in the rumen licuar, The cows
grazing high N ryegrass had 2 lover propoxtion of acotic acid (P<0,10) ond a

highor proparticn of propionic acid (P<0.08) in the runen liquor, than those

grazing lowv N ryegrass,
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5.4 DISCUSSION

The two levcels of nitrogen fertilizer produced pastures which
differed in level of crude protein, Part of this differcnee was due to a
higher contont of non-protein nitrogon in the high N ryogrusa, The high
levels of nitrogenous fertilizers did not, an the othor hond, lead to greatly
rodnced contants of soluble sugars and nitrogen -free extract, Tho differances
between thoe cheomieal campasitions of the high and lowv nitrogen ryegrasses
were similar in direction (although emmller) to those between the short and
long ryegrass usod in Ixperiment 2A (see Tabloe 4.2) and in both expericents
the solids-not-fat content of the milk produced from the grass with the
higher nitrogen content was roduced, Part of this differcnce in solidse-not-
fat percantage was accounted for by protein perceantago but it wags clear that
the "lactose” conpanent (S.N.F.% - protein %) also variod in the sano
directian as tho protein percentage. Honce in all rospects tho results
wore also similar to those obtained in Experiment 1 (see Table 3.2) for the

differecnces betweon Ruaml ryegrass and Paroa or Wostorn Volths ryegraases.

A munber of factors, some of which are associated with grass of high
nitrogen content, may have caused the roductian in protein and solids-not-fat

percaentagos, and these possibilities will be discussed in turn,

Plane of nutrition: In this experimemt the intakes of thc cows an the two
treatmonts wore prubably sirdlor as the milk yields franm both groups of cows
were similar. The concentrations of volatile fatty acids in thoe rumem

liquor of the fistulated cows were also similar which supports tho sugpestion
(but doaan't prove) that the intskes wer- similar. It is unlikely, therefore,
that a reduced pleno of nutrition was solely rospongible for the changes in

milk compasition, but it is conceivable that a degree of undaxr-fesding, a8



aecurred in both treatment groups in this experimemt, 15 a necessary

adjunct to the unkngen process.

Harmful effocts of non-protein nitropen campounds: It is well knowo

that non-protein nitrogen eampaunds, and in particular nitrate through

the formation of nitrite, may lecd to taxicity in animmls (Garnor, 194G3),
Beeause non-protoin nitrogom levels in the pasturcs used in this experiment
were rclatively low (sco Bryant and Ulyatt, 1965), and furthormore 100 g.
of potassium nitrate produced no effoct on milk yield or milk camposition,
it was considered unlikoly that these eaompounds were involvod diroctly in

the present problen,

Alkaloid content: It 1s conceivable that tho effect on milk camposition

nay bo brought about by an altoration in the nuen nicrobial population

of the cows graging high nitrogen pastures as it hns bean raported that
plant alkaloids can destroy protozaa (Cunningham and Clare, 1943).

However, as the alkaloid contents of the two grasses wore not very different
it would be surprising if this factor was of impartance in this experimont,
although clearly tho possibility remmins that the rumen population of

micro=usgunisrs wag altered in same unknown way.

Volatile fatty acid proportioms: Tbe application of nitrogmmos fertilizers
in the spring has the effoct of mcking the ampposition of the pasture more
1iko that of auvtumm pastures, which are characteristically high in nitrogan and
low in solublo carbohydrato (Waito, 1988; Thamson and Torry, 1966; Corbett,
Langlaonds, MeDonald and Pullar, 1966)., Considerablo attmﬁion has been

paid to cagparing the mitritive value of outumn and spring pasfures and

Corbett et al. (1966) demonstmted that euturm growth hod the lower net energy
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value and sugpested that this appeared to be relatoed to tho rolatively
high ratio of acetic to propianic aecids in the rumen licuor of the animmls
grozing this pegsture, DBryant and Ulyatt (19G5) also faind highor ratios
of acoetic to propionic acids in the rumen liquor of shoep grazing hipgh N
pasture cormpared with low N pagture in the spring period. In the prescent
experiment, however, presummbly becansg the pastures did not differ by
very much in solublo sugar lovels, the mopmrtions of individual volatile
fatty acids in the ruman licuors from the fistulated cows wore fairly
similar, In actual fact the slightly lower ratio of acetic to propicoic
acid in tiho ruman liquor of tho cows gxazing high N ryegrass wonld be

aexpected to givo a highar, rather than lower, protein peroentago in milk

(see 1.56).
Utilizetion of grass protein: It is well establiched that dictary protein

utilization and nitrogen retention are strongly influenced by motabolism in

the rumen (McDanald, 1968). A high intske of solublo protein, like grass
protein, rescults in high rumen amonia cancentrations and high urinary nitrogen
lossas, Chalmers and Marshall (19G4) have demomstrated an inverse relationship
betvean ruman samonis levels and nitrougen retention, and furthermore, Ilead and
Rock (1957) have shown that added starch is effoctive in controlling the urinary
wastage of protein, Not withstanding the high contont of horbage nitrogen

in the presant axparimant, the possibility exists that the low solids-not-fat
percentages may have been due to a "phyelological deficiancy” of milk protein
procursors, brought sbout by excessive eatabolism of protein to form ammonia
under canditicns where insufficlent farmantable carbohydrate is present as a

source of cnergy.

The higher levels of armmonia in the rumen liquar of the fistulated cows

grazing the high N ryecrass, in the present experiment, camgmnred with the



values for their twin mates grasing low N ryegrass supports the above
possibility, but tin difforences mey have been mercly due to the relotive
nitxrogon contonts of tho two fooeds., Because 1little direct svidonce

wag obtained as to the possible impoartance of proteoin petabolisn affeeting
milk protein porcentage in this experinemt, 2 mmber of furthor experioents

were designod to exardpe this possibility,

In Experiment 4 8 quontity of the high and low N ryegrasses not used
by tho cows in Experimont 3 was frozen and subseaueontly fed to two groups

of threc shoep in orxder to neasure nitropger balances,

The role and irmportance of the rumon metabolisn of protein in respect
to milk prodaction was further studied in two ways, First, additianal
starch wos given in order to balaones the high nitrogen in tke pestures
(Zxperimonts 5 and G), Secondly, the effect of making additionsl protoein

available to the animal was studied (Experiments 8 and 9),

5.5 SERARY AND CGRCLUSIOHNS

Tho affect on i1k yield end compusition of covs grasing Ruamui
pastures which had recoived high axd low levels of nitrogomous fortilizer
was axanined, Tho pasturcs wiich had received high, vorses low, lovels
of nitrogen fertilizer contained higher levels of nitrogen and other
extroet and slightly lower contents of soluble sugere and nitrogen-free

extract,

The cows grazing the high N pastures praiuced similar pilk yields to
those grasing the low N pastures but the milk contained lower percentages

of solids-not=fat and protein,



These results confirmed the suggestion made following Lxperiments 1
and 2 that Ruamni ryegrass containing a high crude protoin cantent (or
same factor associnted with this variable) ean lead to lov solids-not~fat
aontents in milk, {hilo this change in compasitian was partly explained
by a chango in protein percentage, the "lactose eontent” (S.N.F, % -

protein %) also varied in the same diroctiaon.

Adaitionnl non-protein nitrogen in the form of potassiun nitrate
(100 g./day) had no effect on milk yield or milk composition so that this
characteristic of high N pagtures was probably of 1little importance. The

total alkaloid contents of the two pastures werc also gimdlar.

Difforonces in the molar proportions of individual volcatile fatty
acids in the rumen li@or from the cows on the two treatnants did not

accaunt for the changes in nmilk campasition obtainod,



CHAPTER G

EXPERIMENT 4 : NITROGEN BALANCE USING HIQI AND LOV MNITROGEN

RUANUI RYEGRASS FED TO SHEEP.

6.1 INTRCDUCTION

In tihe previcus clapter it was sugpested thot the cows grazing high
N Rueanoi ryegrass moy have been uneable to obtain a sufficicent quantity of
protein (or an essential anino acid) to meintain milk protein synthesis
because of excessive catabolism of protein to smmonia in the rumen and
subsequent losce of nitrogen in the wrine, In oxder to examino this
possibility further, sufficient of the high and low N pastures used in
Exporiment 3 were frozen so that nitrogen balanees could be obtained using
sheep. Nitrogea digestibilities and retentions fram the two pastures

wore mezsured using two groups of three gheep fed indaprs.

6.2 EXPERIVIENTAL

6.21 [Herbago

Sectians of the high and low N pastures being grased by the cows
during Experiment 3 were cut with a mower on 20 NRovertwosr 1860, Sufficient
green material (approximately 600 1b.) was obteined from asch pasture to
feed three shecp for three veeka, This was the meximum quantity of grass
which could be stored, The gross was packed loosely into hessian bags
and placed as quickly as posaible an racks within a freeming chamberxr at
-10°C. The grees was stored in the fromen state until 24 howre prior to

fecding when it was transferred to a rofrigeratod room at 4°C.



8.22 An ond des of &

Six Romney wethers, aged ebout 10 months, were boupht from the
Univorsity Sheep Farm at tho begimning of May 1967 and following
treatnent for internal parzsites (ThiotEmdazole) thoy werc put in
metabolisn cratea and housed indoors, The metabolian crates, which
were provided with a foed bin and water bucket, canfibed the moverent
of the sheep amxd anabled urine to be collected in a bucket benocath the
sheep.

The experinent wos divided into three periods:-
(a) Training period 1/5/6G - 30/5 (mixed pasture fecding)

{b) Prclimnary period 30/5 - 10/6G (high and low N Ruamui ryes)

(c) Expearimemtal period 10/8 - 21/6 (Ditto)

- (a) Training period: Tho object of the training period was to accustom
the sheep to indoor feeding, the harnesses ami the faecal collection bags,
and also to establish voluntary intakes so that the sheep could bo peired
on this basis, Tho shecp wore fed freshly cut mixed pasture to appetite

twice daily at 9 a.m, and § p,m. and water was avoilable ad libitum,

(b) Preliminary period: The sheep were "paired’ an tho basis of their

voluntary intabes and tho sheep wishin pairs were allocated at random §o the

two treatment gxoups., The three sheep within each group were then fed the

high and low N Ruamii ryegrnsses ad libitum during this poriod. The

feoding times vere o8 for the first period,

(c) Experimontal period: During this period of eleven days faecal and

urine ocutput data were collcected in addition to the intake data, Ind{vidual



animecls were fed a quantity of the ryegrass equivalent to 90% of the
daily voluntary intake established during the preliminory poried. By
feoding slightly below the ad libitun intaskes, no feed rofusals were

obtained and hence "end point errors” would be expectod to be rinimised,

G6.23 Sarpling and annlysis,

Herbege: Ropresentative sarples of feed (about 300 ;. ) wore token at

each fecding time for the detocrminction of dry matter intakes, The samples
were dricd at 100°C for 24 hours ond the dried samplos were bulked far
cherdcal onalysis, The bulked sarples which hod bean stored in air ticht
plastic bags werc subsccuently ground (1mm, seive) and annlysed for nitrogen

content (A.O,A.C., 19G5),

Faecal samples: Theo faecos from individual sheep vore romoved twice daily
and bulked to form two 4-day composite samplss and aonc 3.day cmpasite
sample covering the 11 day experimental periocd, The faeces were frosen
(-10°C) and stared in this form prior to tho dstermnation of dry matter
outputsa. Tho total faecal ocutputs of individunl shoop far thie camposite
periods were dried in an oven at 100°C for 48 hours and sub=samples ground
prior to annlysis for nitrogen content, A drying temperature of 100°C was
chosen because Raymond and IHarris (1954) concluded that 100 = 1(500 was the

optirmom tamporature to minimize losses of nitrogen with heating,

Urine samples: Urimo was collected in 11,50, (18 pl. 18N-I[,50, / 1litre) in
order to keep p below 2 and prevent loss of nitrogen os amxnia (Hartin, 19GG),
The urino from individual ehocp wes bulked as for the faecos amxd these sarmples

were stored in a2 covered container at 4°C. At the end of eéach collection period



TABLE G,1 Nitrogen balancoes snd digestibilities for individusl
shoep fed high or low nitrogen Rucmui ryegrass.

High N Low N

Shoop 1 2 3 1 2 3
Nitragen intske (g./day) 22,60 17.01 16,32 13.27 2.50 11,43
Faecal N (g./day) 5,85 4.66  4.32 4.72 3.28 4,88
Urinary N (g./day) 15.18 12,32 11.30 7.30 5.37 &.89
Nitrogen balance (g./day) +1,66 +0.9¢4 + 0.60 +1.26 + 0.8 +0.05
Appar. N digestibility coef.(%) 73.8 74.0 73,4 64,4 68,5 69,9
Appar. DM, digestibility coof.(%) 6.3 69,6 09,5 64.1 @7.7 63,3
N retained /100g. N intako 6.88 8.24 3.70 9.42 8.5 8,32
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Fig.6.1 Fate of ingested nitrogen for groups of three sheep fed
high (1, 2, 3) and low nitrogen (4, 5, 6) Ruanui rye-

grass arranged according to their digestible dry matter
intake.



the nitrogen contcents of 5 ml. samples of urine werc dotormined (4in
duplicate) using standard methods, Total nitrogen voided wrs then

ealculated from the total volume of urine collectod,

6.3 RESULI'S

The full results arc given in Appandix 6.1 and are summnrized in
Table G,1, The fate of ingested mitrogem far individual shecop 18 also

illustratod in Figure G,1.

A groatoer proportian of tho ingested nitroggern in the high N gress was
appnrently digested (73.7%, axpared with 63.3% for tho low N grass) but
because a greater proportian of this nitrogen was excretod in the urine
(92.9%, caparad with 85.9% for tho low N grass) the nitrapen rotentions
for the two types of prass wore very similar, The nitrocgen in the low N
grass was clearly used more efficiently with an everago of 8,9 g. of nitrogen
being retainod/100 g, of ingested N, amparaed with an average value of

5.3 g./100g. of ingosted N for the high N grass.

6.4 DI SCUSSION

Because the nitrogen retontions from the two typas of ryograss were
similar, this experimont failod to support the hypothcesis medo in the provians
chapter (3), and in the introduiction to this experiment, that insufficiont
precwracrs for protein synthesis msy be obtained fram the high N pasture due

to excessive catabolism of distary protein.

The results did, however, show that the dletary protein of thoe high
nitrogon pasture wzs used inofficiantly and suggested that a higher

proportion of carbohydrates in the ryegrzse would lead to the fuller use of



the nitrogen present. This effoct has in fact already bean demomstrated
by Jlead and thurdoch (196G5) when steers were shown to retain more nitrogen
with starch supplemontation, in gspite of a lovered crude proteln &igestibility,
The sinilarity of tloe nitrogen rctentions in the presont oxperinent showed
tint the nitrcgen contont of both pastores was not the liniting factor to
higher rotentians, and the increased nitrogen retentions with incroasing
intako sugGested thot enorgy intake was the major 1imiting factor, The
results are in agreancnt with those of Hogan and Weston (1907) who fed sheep
high (13.8g.1/day) and low protein (S5,5g.N/day) diets ol found that the
output of protein from tho rumen (and hence availnble for absorption and
utilizotion) wes much the sane in the two diets (8.8 and 8.1 g.li/day

respectively).

G.5 SULRIARY AND CONCLUSIONS

Tho high and low nitrogan Ruanul pastures used ip Cxperiment 3
were fed to two graips of three growing sheep in order to measure nitrogen

balonces and digestibilities,

Nitrogen retentians vere similar from the two ratians amd increascd

with dry matter intcke,

Although the nitrogen in tho hich nitrogen grass was used less
officiently than that in tho low nitrogon grass, the expurioment gave no
diroct evidancoe to support the hypothesis that the low protoin percentage
obtained in tho milk, vhen cows grazed high nitrogon pasturos, was due to a

deficiency of nitrogen precuxscrd for milk protein synthesis.



CIIAVTER 7

CEPIRIIMINT S ¢ IXTLECT OF A STARCH SUPPLIIXNIIT O

MILE PRODUCTION IN TIID AUTQELI,

7.1 IZTROGCTION

It was cansidercd th:t a useful alternative approach to czardning
the possibility that the efficicncy of utilization of the protein in high
nitrogen rycgrass mny affeoct millk protein percentage wac to ctudy the
aeffect of supplemcntary carbohydr te on milk yield amxd corposition, This
wag gugrested by previous exporimonts in whdch grasing cows hove beon given
supplementary concentrates (sec 1.52), In addition readlly available
carbohydrate hogs boen shoun to lowor ruman armmonia concentration
(llead and Nook, 1957: Robertson and Hawvke, 1964c) and thot steers in the
cxperiment of Hoad apd Murdock (19G5) retainod more nitrogen following

st rch supplomentation,

The effect of & starch supplement (2 1b./day) on the yicld and canposition
of mili: producaed by cows grazing high nitrogen Ruanul ryegrass wes oxardined
in this oexporirent, The experimont was carried out in the cuturm as it is
woll ostablished thot autumn pastureg are cheracteristically high in erude
protoin and low in soluble carbohydrates (Wilson and Dolby, 190GGC). It wvas
considerod thot this typo of pasture should provide canditions wherchy the
added starch was glven the best opportunity of improving diotary protoin

utilization and poscibly rilk protein content,



lactating cows with rumon fistulae were incinded in tho oxperimont
so th:t possible chonges in the codeproducts of rumen fermentotian, ond in
pirticilar runen ammonia concentration, cauld be moasured and these

corrolated with any changos obtaoined in milk yleld and cormpositica,

Tollowing the observoticn of "scouring” in the control cows, faceal
dry motter dotorodnotions wore made,and blood samples vore obtained in order
thrt magnesiun cancentrations could be determined ag it wno comsidered
possible that cinerzl uptike ooy be affected by the changes in the

physiologic:l conditions in the gut.

7.2 PRI AL HETHCDS

7.21 Animnls oand desim of experimont,

Bight poirs of mooozygous twins, including two pairs with runen
fistulee, which had calved in the spring were used in tho experinents,
Si:: peirs of twins werce Jerscy or Jorsgy cross animls and tho romaining
two poirs werce Triesione., The prelimnary period with 211 cows grazing
nixed pastures camonced 28 liarch, 1967, and the Ruamil ryegrass feeding
poriod of 14 days on 11 April, During this period ono noobor of cach

twin set rccoived 1 1b, of whoaten starch in water (800 pl.) at cach oildking.

7.22  Pastures,

Five paddecks of Ruamui ryegrass (see Table 2.1) vwidich had boen
maintainod with sulphate of ammania were used in this experiment. Sulphate
of axxxmis wos applied at the rete of 1 cwt, per acre zbout 3 weoks priog
to the start of the cxperinoental period, The cows vere pivan sufficiont
pasturc to ansure full feoeding, o new breck of grass being provided after

cach dlking,



7.23 Sompling and analytical mothods,

Herbage: Sarpling and analytical meothodes werce as degeribed in 2,4 and 2,5.

1ilk: HMilk yields were measured at all milkings, ~nd tw=doy conposite
sarmples werc itzken from individual cows twice each wooir and ~nelysed for

fat, solids-not=fat, =nd protein contents as doscribed in 3,0,

Rumen Liquor: Samplos of runmon licuor were taken fron the two figtulatod
cows an oezch of tho troatrents on 19 and 20 April and trootod as doseribed

in 2.8,

Faecal dry matter percentage: Grab samples of faecces were obtained from

individunl cows an onc occogion during tho second week of the exporincontal
poriod. Tho sanplos were dried in tho oven at 100°C for 48 hours in order

to determino their dry mattor content,

Plasma nagmesium concontration: Jugular blood samples (10 nl,) were obtained

fron individual covs on ane occasion ot the end of the oxporimental period nnd plasmm
nagnosium concantrations were deternined by e tochnician from the PPlont Chemistry

Divisiocn of D.5.1.R. using atomic absorption spectrophotaivotry,

Statistical analyses: The nilk yiold and camposition data, and the rumon

licuor data, were anclysed by anclysos of variance (e.g. Appandix 3,2).

7.3 RESULTS

7.31 Pugtures.

The Ruami ryograss pastires were 3 to 4 inches long at tho time of

grazing, Tho chanical camposition of the pasturc used, an a2 dry nmntter basis,



TABLE 7,1 Chenmical enzlysis (an a dry matter bosis) and dry
mtiter content of Ruanul ryegrass used in

Ixperinent 3.
Lean B.E, ; noans

o, of gomples 5)

Ce protein (N x G,25) 28.1 + C.GS
Cr fibre 2c.8 + G.70
Ether extract 6.6 1+ 0.8
Ash 10.1 + 0.30
NHitrogen-froe extract 36G.1 + 1,98
Total soluble sugors G.9 4+ 0.48
Dry matter contant 18.9 +1.94
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Fig.7.1 Average daily milk yields and milk compositions
from groups of twins grazing autumn pastures
supplemented with 2 1b. of starch/head/day.
(Starch,® ; Control,O®). (The first two samples,
mixed pasture feedingl



TaDLL 7.2 Tho yicld and compositicn of ik fron cowe given o gtarch
supplonent (2 1b./day) while grazing Ruanui ryegress during
tho cutamn @ cdjustod mean values for experinmontal period.

Control Starch | S.E, of | Significant
| means diftfcronces
(c) (8) P<0C.06
M1lk (1b,/cow/day) 14.2 15.5 0.52 n. 8.
rat % G.28 5.83 0.10 c>s
Pzt (1b. /cos/day) 0.86 0.87 0.62 n.3.
Protoin % 4,08 4.07 0.05 1.9,
Protein (1b,/cow/day) 0.G0 0.01 0.2 H.8.
Solids-not=-fot % 3.36 8.938 0.G3 3>C
Solids-not-fot (1b./cou/day) 1.25 1.36 0.056 .8
8.10.7., % - protein % (lactoso)] 4.81 4.92 0.05 1. 8.




TABLE 7.3 Diffeorcnces botvoan twin palr nwotes for nilk
protein and "ecaleculatod lactose'% percentages.

¢+ Starch cowv = Control cow.

Twin Covs Protein % lactose %
15, 16 + 0.17 -

43, 44 + 0,11 + 0.0
1135, 11G + 0.10 + 0,11
111, 112 + 0.0 + 0,06
25, 26 o) + 0.11
121, 128 - 0.02 - 0.04
81, 82 - 0.4 + 0.01
131, 132 - 0,22 + 0,18
= lactose percentage = Solids-not-fat % =

protein 7,



TABLE 7.4 snalyses on the runen ligor of two poirp of twing
with ono meaber of cach pair fed 1 1b. of storch,

Prontoont - MI. Cone. - Total V.T.A, "olar proportions of V.7 A,
- og. ' 1
=g.1/100 nl. F#/100 nl, fecotic Propionic Butyric
Starch 16 4.9 56,85 11.78 §7.6 15,9 15,5
Control 18 46,8 6.83 11.55 69,8 15.3 15,0
Starch 122 S0, 3 G.21 14,21 G8.5 15,0 15.3
Cantrol 131 53.8 G,45 12,42 G8, o 13.0 14.8

Treat. Qiffs,
8icnig, ot
5% level - - - - - -
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is givon in Table 7.1, The impartant featwres of the composition includod
the high content of crude protein (28,1%) and the low content of tofal

solublo sugers (G.9%).

7.32 lilk yicld and composition.

Tho original pean detas for nilk yileld and compocition nre presented
in Pigure 7.1 ond the peon values for troatment groupg, after adjustomont for

preliminapry differences, arc glven in Table 7.2,

111k vicld wns higher for the group of cows which rcceived 2 1b, of
storch por day, but the difforonce was not cignificant, Mat porcontnge
wos Gepressed (P <0,05) cnd solids-not-fot percontoge raicod (P<0.03) by
the starch supplenment, The protein percentoge in tiv dll: veg similor fron
the twvo groups nnl hance the coleuloted lactoanc porcentoge (8.07.P.5 = protein %)
wag highor for the storceh supplomented group. The difZeronces betwecn the
valucs for indivicdual pair nates in protein snd lactose (calealated)
porcentages are given in Table 7.3, It is cleer from this table that
thore wos a coasiderable voariction in tho response in protoin percontoge to
adcéitional gtorch, and one pair of cows (131 ond 132) in vhieh the “"eontrol”
cowv had o omch higheor protein percentage had a considor ble ofifect an the
treatmont Doans, This pair 21so differed oost in loctoce percontzge
(Starch> Control). The mean yiclds of 211 milk components were very cimilar

for the two graups.

7.33 Churacteristics of rumen liquor.

The pean @, amnaonic coocentrations, volatilo fatty acid cancentrations
and rolar proporticns of individual fatty ocids in the soanplea of rurmn licuor

from the two cows an ocach 0f the treatrments, are given in Tablo 7.4.



8Lt 7.5 Tho cffect of a starch supplemont given to covs, an
dry motter contont of faccal samples, and an plogma
mpposion concontrations (g, /100 mi, ).

tho

at 5% lavel

Paocal DK, % Plasgon Hg,
Control 8.9 1.1
Starch 12.8 1,82
S.E. of nme:ng 1.0 GC. 15
Differenco signif. S>C 1.8




The two cows which roceived the starch supplement hod higher
cancentrations of volatilo fatty acids in their rumen lianor then the
cantrol cows, but the difforence was not significant, Tharc were anly
ninor differences in rumen limor pli, and molar proportions of
individual fatty acids, betvecn twin pair oates, The cancantration of
ammonia in the rumen liquor of cow 122 which received starch, was
congiderably higher than that frem 121 (Cantrol) but tho treatrent
aeffcet was roversed for tho other twin peir, In this cace there was

a significant (P<0.01) differance hetvean cows within trectment groups.

7.34 Faccal dry metter content and plasma magnosium cancantretion.

The meen dry maiter contents of the foecal samples, and tho plasm
mgnesiun cancantrations for tho two groups of cows towards the and of the
expcrimental period are given in Table 7.5, The dry metter parcantage of
the faeces fram tho cows receiving starch was higher (P<0,05) than the
corraespanding value from the comtrol group, 8ix of the eight cows which
reeceived starch hod a higher plosme magnesium concentration thoan their twin
peir mates in the control group, but the difference (0.21 ng./100 ml.)

batwvean the mmans wes not statistically significant,

7.4 DISCUSSION

The moan solnble sugar content of the pastures was comsiderably
lower than that in pastures used in previaus aexperioments carried aut during
the spring periods but is comparsble with previocus data cn auturm grown
herboge (Wlson et al., 1966). The supplementary starch probably inereased

the intake of readily aveilsble eartmhydrate by at least 1007, and in doing



80 mnde the antumn pasturc more camparable in this regard with spring
psture, In spite of this rclativeoly large increasc in readily
available carbohyzirate there wes no differonce betveen the noan protein
parcentages of the milk fram the two groups of cows, This "negative
rosult” doos not, hovever, disprove the hypothesis tested that
differances in herbage protein utilization may offect milk protein,

bocause thoro was a largo variation in treatment effccts betweon twin pairs,

Boeause int:kes could not e measured it is not Imovm whothor the
intake of grass was reducod (substitution effect), unaltered (additive
affect), or oven incremsad (intoraction) by the addition of starch to
the ratimm, It moy be inforred indirectly, hovovar, th:t the total
enorgy intcoko of the cowsn receiving starch wos increasod above the control
graup, as il yield was higher and fat percentage lower for this group of
cows, The clternative poesibility that the differonce in mdlk fat
percentoge was due to a chonge in the ratio of acetic to propionie acids

in the rupan licuor from the two groups, was also ruled cut (Table 7.4).

The significant (P <0.06) difference between the nean solids-not-fat
percentages of the milk produced by the two groups of cows (Starch > Cantrol)
could not boe accounted for by sirdlar changes in protein percentage so that
the lnctose percantage in the milk probcbly differcd, Loctose percentsage
is known to deccline rapidly and protein percentage to inarcenso townrds the
end of a lactation (Waito, ¥hito and Robertsan, 195G), so that it naoy be
sugpested that drying off chengas probably contributed to all the results
and in perticular accounted for the low lactose and high protein percentsge
of the milk procduced by cow 131 (see Tablo 7.3). Ilovevor, the possibility

does recnin that starch nay immyease lactose percentago during some periods



of the year, In this rogerd it should be reperbered thnt lactose
percentage, as well a8 protein parcantage, was reduend by Ruamii ryegrass

pastures in Experimonts 1, 2 and 3,

The faillure of the additional stareh to induce =2 dopressian in rumen
armonic cancentration wes not cansistent with mony previous roports
(Robertson and llawke, 1964c; Christisn and Williams, 19GG), Because
mny other factors including intake of pasture and rato of passage may
have altored (see also coction 2,8) following supplementation with starch

the disccrepancy is probably of 1littlo consoquena,

OCbeervation of the cowb sugpested, anxi subsoquent moeguremont of the
dry mnttor content of fzecal samples canfirxmed, that tho added gtarch hnd
a significant aeffecct cm tho physiecal charactoristics of thc herbage residues
as tho fluid contont of the fasces wus lower from this group than the control
group. Althouch therc is some evidence to the contrary (Rook and Balch, 1969)
this phuysiological difforance sugpasted that minercl uptakeo from the food may
have bsen altored, The plasmn magnesium concantrations givon in Table 7.4,
and results from a subsemient experiment (Wilson, Reid, lblloy, Metson, ond
Butler, 1968), did in fact canfirm that starch supplencntation may have a
baneficial effect in raising blood magnesium concentration, This finding may
prove to be of considorable praetical significance in the control of grass

tetany in dairy cattle,

7.5 SMMARY AND CONCLUSIONS

The effect on milk yield and camposition of a starch supplement (2 1b,/day)
given to cows grazing Ruami rycgruss during the autumn period was investigated

using eight pairs of identical twvins,
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The group fed starch produced a littls more milk, with a lower
fat percentaogeo (P<0,05) and a higher solids-not-fat porcentage (P <0.06)
than that produced by the control group. Protein percontage, and the
yields of fat, protein and solids-pot-fat did not differ significantly
betwveen treestmant groups., Vhile the differences in milk camposition
within twin sets variod cansiderchly betwean sets, tho rcaoults were
ganorally consistont with the starch having given an inprovonent in level
of feedingz which retarded the typical changes in milk camposition that occur
vhen cows are "dried off”. This would explain the higher "lactose”
(calculated) and solids-not-fat percentages in the milk from the group fed

starch,

The axperiment provided no evidence to support the hypothosis that

gtarch improved tho utilization of dietary protein and henco milk protein

synthesis.
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CIIAPTER 8

EXPERIMENT G : EFFBCT OF STARCH AMD PEANUT OIL SUPPLIIINTS

QN MILE PRODUCTION,

8.1 INTRODUCTION

In viow of the inconclusive nature of the results obtained in the
provious exporimmnt it was docided to investigote the effoct of additiomel
starch given to cowvs grazing high nitrogen Ruamui rycegrass during the
spring, Puring this period the twin covs wero at a more favorrable stagoe
of lactation than in Ixperiment 5 and it was during lovaber thmt the high
nitrogen Ruamni ryegraos pastures had previously resulted in loy solids-not-

£at contents in milk (chapters 3, 4 aml 5).

Supplooontary starch might be expected to increasc the overall level of
fecding of tho cows rolative to tho nan~-supplaaanted control group. As
total coercy intoke is known to be the most impaxrtant foctor which can
influvanco tho solids-not-fat contont of milk (sec 1.55) a tird group of cows
wvag glven a noo-carbohydrate supplament of similar calorific valuo to the
added starch, Peamt 01l was cbhosan in order that the axperinment could also
be used to investigate certain factors wirdch may influonce the occurrence of
crass tetarny in cattle, The rosults of starch and peanut oil supplecmemts on
magnesium, calcium, and phosphorus levels in the plagmn of tho cows used in
this experimmnt, have recently been published (Wilson, Reid, tlolloy, EHetson

and Butler, 1969),

The axperimont was first carried aut during ecrly spring (Scptanber:

Experiment A) vhon the results camcerning plasn: oineral lovels were of



greatest impartance (sce Wilsan et al., 1908), and thon repeated in
Novorber (Xxperimnt B). Six fistulated cows were clco included in
the Novarber exporimont 8o that the anmomia snd wolcotilo fatty acid
concentrations in rumen liquor which resulted fram tho tiiree rations

could be measured.

8.2 BXPERIMENTAL METTIODS

8.21 Animnls and des of 8.

Twelvo pairs of monozypows tvins which had cslved in July or
Aupgust werc usod in each experiment, Durinz the preoliminary periods of
both experiments (28 Aug. - 4 Sept.; 6 Nov. - 14 lov.) all cowvs grazed
nizxed pasture. Tho cowvs werc then dividod into thres treatment groups
(incamplete balnnced block design) for the experimental poriods (4 Sept, -

19 Sept.; 14 Nov, - 25 Nov.).

In the first experiment (A) five peirs of twins werc two year olds,
one pair wvas threc yoars old and the remimier mature cows (5 years and
older). For the sccond axperiment (B) some of the cowvs used in tho first
had to bo replaced, In this axperimemt tilxeo pairs of twins wore two year
olds anxd the romainder were mature covs, All cows uscd wore Jerseys axcept
for one pair of threo year old Friosians in A and one pair of mature

Friesinng in B,

Tremtmants: One group of cows received no supplement (cantrol group), a
secand group of eight cows peamut oil (205g./cow) following each milking,
and the rausining cows wheaten stareh (450g,./cow suspanded in water)
following each milking, During both experimental periods tho cosB grazed

“high nitrogen” Rucnul ryegrass.



Pastures: Tho pasturc used during the preliminery periods consisted of
nixed ryegrass and white clover pagtures with amll quantities of
cocksfoot amnxl prairie grass. The five paddocks cantaining pure swards
of Ruamul ryegrass (see Table 2.1) which were used during the oxperinental
periods had been meintained with smmunl dressings of 3 cwt. superphosphateo
and G=10 cwt. sulphate of ezmanin per acre, On 20 July thoso pastures
were topdressed with 2 cwt, muriate of potash and 3 ewt. of sulphato of
ammnia per acre, In the period betwveen the two aexperirmmts a total of

4 ct. of sulphate of artmmia was applied.

The cows vero given a fresh break of grasg ewery day, the size of the
break being adjusted to ensure that voluntary intake was not restricted.

The Ruanul ryegrass pegtures wero grazed at a height of G - 8 inches,

8,22 8 and tical methods.

Dexbage: Represontative pasture samples were tokan from o mucber of
pddocks of mixed pasture during the prelirmnary period of cach experiment
and sirdlar gamples cobtained from each of the five Runbul ryegrass pastures
ugod, [Froocze—dricd samples warc handled and analysed for crude protein,
crude fibro, other extract and solublo sugar oantents, as doecribed in 2.4

and 2.5.

Milk: IPilk ylelds were measured at all milkings and two day composite samples
were taken fron individusl cows twice each weok for oilk apalysis, Butterfat,
total s80lids, and protein contants wore doterminexd as described in 2.6 and the

lactose figures usod were those obtained by use of I R.H.A,



TABLE 8.1

experimental periods of Experiment G,

Experiment A (Sept.)

Chemical camposition of herbage dry matter during prolimtnary and

Experinmnt B (Kov.)

Mired  Ruams  °.¢ | Mimed  Ruamnt  op

posturo  ryegrioss oo | pasture  ryegrass o
Crude protein % 28.5 24.8 0.81 22.6 25.4 0.73
Crude fibre % 16,8 16,2 0,97 10.4 19.7 0.80
Ether extract % 6.5 6.9 0.3 4.7 5.6 0.39
Ash % 8.8 8.8 0.53 8.1 9.6 0.45
Nitrcgen~free extract % 3.1 43.3 2,30 45,2 39.7 2.38
Boluble sugar % 14,5 18.0 0.88 11.9 9,2 0.54
Rumber of samples 1 5] 1 )




Rumen Liquor: Samples of runmen liquor were taken froo the six fistulated
oows (15, 16, 121, 132, IS5, I4¢8), which had been randomly allocated to the
three trecatmonts, an two conscoutive days during the socand week of

Exparimant B. Samples were obtained and amalysed as described in 2.8,

Statistical mothods: These methods wore as described for Experiront 1

(3.24) except that the rclatiocnship betweon wolatile fatty acid anil armonia
cancentrations was exanined for individual rumen liquor sanples within
trecatnent groups. The analysis used was the extension to the regression
analysis as outlined by Snadoanr (1955) in which the errors of ostimate of
tle avercge within treatoent group regression are divided into variation
aggsociated with the rcgressian coefficlents and to tho dovintions fyrom
individuzl treatrent graup regressians, In this way the tost wos made of
the significance of tho differences twtwean the individual treatmant group

rogrossion coefficients (Appendix 8.1).

8.3 RESULTS

8.31 ca iti ,

The results of the chomicnl analysis of the pastures are given in
Table 8.1, In each of the two experimants the axmpositian of the Ruami

ryegrass and the uixod pasture was similar in nost reaspocts, but the Ruami

ryeczass in Expertiment B was higher in crude fibre and lover in ether extract,

nitrqgen-frec extract, and soluble sugar contents than the correspanding

values in Experiment A.
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TABLE 8.2 The yield and compositicn of milk from cows given staxrch
angd oil supplammts: adjusted treatment means,

l

i Catmd| eki -y Signif. of diffs.
(s) (o) (0) means P<0.0 P<0.08
Milk yleld (1b./cow/day) | 31.4 30.8 30.3 0.61 - -
Fat % 4.68 4.72 5.17 0.12 | 0>C O0>8 -
Fat yield (1b./cow/day) | 1.42 1.42 1.8 004 | O>C O>8 -
Solids-not-fat % | 9.18 9,08 9.00 004 | 5>0 s>cC
Protaein % 3.81 3.7 38,87 0.8 | 8>0 8>C -
Cc>0
Protein yield (1b,/cow/dsy) 1.19 1.14 1,08 0.08 | S>0 §>C C>0
Lactose % 8.07 8,00 85.016 0.0 - -
Experiment B. |
M1lk yleld (1b./cow/day) 29.1 27.7 28,5 0.70 - -
Fat 5.37 5.21 5.8¢ o.11 - 0>C
Fet yield (1b,/cow/dey) 1,63 141 1.8 0,08 | O0>C 8>C
Solids-pot-fat % 9.20 8,22 9.10 0.08| C>0 §>0
Protein % 8.84 s.8e1 3.8 0. | 5>0 C>0 -
Protein yield (1b,/cow/day) 1.11 1.06 1.08 0.03 - -
lactose % 5.16 5.13 65.07 0.8 | s>0 cC>0
Protein % (last 2 days) 3.93 3.86 3.88 0.03| 8>0 C>0 -




8.32 1k ition,

Tho adjustod mean data for milk yield and composition are givem in
Tablo 8,2 amxd the originol data are plotted in Figurus 8.1 and 8.2 for tho

A ond B experirments respectively.

In both exporiments the mean milk yield and eamposition data for the
cantrol cows (eating Ruamui pastures) in the experimontal period, wero very
similar to thosc procduced during the preliminary period whan the covs were

grazing on mxed pasture (Fignres 8,1 and 8,2),

In Dxorirent A there wore no significant difforences botween treatments
or mdlk yield, although the yicld from the cows rcceiving starch was slichtly
hicher than tho yleld fram the other two groups. Peenut oil increased the
butterfat parcentage (P< 0.01) in thc milk and also the Ixitterfzt yield
rel-tive to the other two groups. Stareh incruased the golids=not=fat
percentogoe (P<0.08) whareas peamt oil depressed it slightly. The protein
yields and percantages in the milks were in the ordor Starch > Control > Peamit
011, angd all these diffeorencos warc significant (P< 0.00), but lactose

percentage was simdlar for all groups.

In xporimant B the milk yields wore similar and poamut oil ipcreasssxd
the yiocld and percentage of buttexfat in the milk as in Dxperimsmt A, In
this secand experiment peamt oil clearly lovered solids-not-fat (P<0.01),
protein (P<0,01) and lactcse (P<0.06) percentages whwreas starch had no
effect an the solids-not=fat percentage but raised the protein parcantage of

the mdlk, particularly towards the and of the experimontal period (P<0,01).
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grazing Ruanui ryegrass supplemented with
starch (@=—-@Q ), and peanut oil (&—A).
(Control cows,@e---eo).



TAGLE 8,3 Analyses an the runa liquor fronm fistulated
cantrol cows, and starch and oil fod cows
(Nov. expt.).
] Molar proportions (%) and concentrations ( )
IH,_ cone. Totel V.I, %,
Treatnent Cow fe. gﬂm ml. e 3 ri1/100 1l of V.F, A, (m${/100 ml.)
Acotic Propioaic Butyric
Starch 15 33,0 6.13 13.0 G8.3 (8.9) 18.1 (2.4) 13.6 (1.7)
Control 16 37.0 6,12 13,6 Ga.7 (9.4) 17.2 (2.4) 14.1 (1.9)
Peamut 01l 45 356.8 g.20 12.1 G8.2 (8.3) 17.6 (2.1) 14.2 (1.7)
Control 48 34.9 6.10 13.5 9.1 (9.4) 17.2 (2.3) 13.7 (1.8)
Peanut 01l 121 36,4 6.24 11.8 0.3 (8.2) 17.4 (2.1) 13.3 (1.6G)
Storch 122 35.8 6.24 13.5 67.7 (9.1) 17.5 (2.4) 14.8 (2.0)
Treatment diff,
signif, at &% levol - = §>0 C>0 - (s>0) - (C>0) -C( =)
1% lovel - - - - (C>0) - (8>0) -C =)




8.33 Rumen formentotion chorscteristics.

The pecn ], amxmis concentratioms, volatile fatty ascid concentrations,
ziclar proportions and caxentrations of indivicdual fatty acids in the rumem
licuors from tho two cows on each of tho experimental troatments are given in
Table 8,3. Thc cows that vere treatod with oil had a lover cancantration of
total volatile fatty ocids in their rumen liquor then either of the other
pairs of cows (P<0.01), tho effoct being presant at all sarpling times except
prior to fcoding (See Fig. 8.3). The molar proportions of the indivicdual
fatty acids were very similar for all cows, but beenuso of the differences in
total concantrntion, the concantration of acetic (P<0.01), propionic (P<0.Q1),

and butyric acids (not significant) werc lower for thc cows receiving oil.

The average aumanin concentration in the rumen liquor of tho cows
reeeiving starch was slightly lower than the average for the other two treatrents
but the difforenco wes not significant. There was c significant correlation
{0.52, P<O0.01) betwesn tho volatile fatty acid aml amonin concentrations within
individual rnumen scoples, ond the within treatomoent group relatiocnships between
rumen licpor volatilo fatty acid and amzonia concentrations did not differ

significontly from the averago within graup reggession (Appendix 8.1).

8.4 DISCUSSION

The effocts of three soparate factors an milk yield and camposition
warrant discussion: the influance of the change to Dunmui rycgross foeding
on the milk production of the control group of cows; tho effect of
supplamentary stareh; and the effect of poammt oil supplanents on mdlk

productian,
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Pasture effects: In contrast to previous experizents (1, 2 and 3) in which
Ruamui ryegrass containing high levels of nitrogen coused lov solids-not-fLut
contents in mmilk, this effoct was not apparent in the Ml of the control
group of cors in either of the present experincats (I'igs. 8.1 and 8.2). The
reagon for this differcnce was not apparent, but there woro several mmjor
points of differance betwoen the exporimemts, The mean milk yield of the
ocows used Quring the present experimmnt was some 10 par cent beiowz the
corresprrriing yieldds obtained in tho previcus exporimuats, Following the
change to Fuamil ryegrnse foeding, milk ylolds remcined stoady inmstead of
doclining as in tho provions experioonts, This moy hovo been rolated to the
fact that the crude fibro cantant of the Ruamni ryegrass was lower in the

preocent experimont,

Supplementary starch: Tho supplamentary starch incrocased the daily intakes
of readily available carbohydrate by at least SOk, It was clser from the
results thet this supplemant increased the yield of protein and the protoin
percontage in the milk (and S.N.F. paxcentage in Experiment A), but because
the Runnui pagsturee dic not lower the protein and S I, F, percentoges in the
dlk from the nan-supplemmtod eantrol group the hypothosis regarding the cause
of the low wvalues associated with high nitrogen Ruamuil ryegrass was not fully

tested.

As in Experiment 7, the addition of starch to the ration did not result
in ag large 8 reduction in rumen ammonia eax-emtrations as might have bheen
expected from previo® experiments (Head and Rook, 1057; Christian amd
Williems, 1906G), so factars other than the intake of nitrogen and soluble
cartohydrate must influence rumen ammonie levels., These mny include the

nature of the nitrogen present, the level of structural carbchydrates present,



and the level of supplemontation relative to the carbohydrato and nitrogsn

contents of tho horbage.

Ruben proportions and cancentrations of individunl fatty acids were not
changed to any extent by the addition of starch (Tzble 8.3) so tho change in
protein parcantage could not be explained on the basis of a change in the

volatilo fatty acids in tho rumen liquor,

Althocugh the differencss in the milk yields betusoen treatmants were not
statistically signifieant the starch fed cows produced most milk in both
axperirants, The relative impartance of a small improvemant in tho supply
of exergy (relative to the comntrol group) and the possible influcoce of sn
improved carboliydseto to protein ratio, could not bo asgossod with cortainty
from thc recults. lowever, the small changes in milk yiocld and compositian
cbtained are in line with many previous expericmmts in which pmsture fed
animals have been supplemrnted with carbohiydrato rieh foodstuffs (e.g. Castle,
Drysdale and Vatscn, 1960; Buber and Bosman, 196G; Corbett and Boyne, 1988)
angd indicate that the soluble carbuhydrate cunmtent of grosses prabably

influences the protein cantent of the milk.

Supplementary peanut oil: The supplementary poamit oil imreased the 1lipid
intake of tho cows by botwean 50 and 60%. This was equivclant to an ether

extract in the ration of spproxzimtely 9 - 1Q%,

In tho literature therc are many canflicting roports of the effect of the
amont and type of fat in the diet of cows an the yield and butterfat content
of the milk., Tho feeding of highly unsaturated £ish oils (e.g. cod liver o1l)
has generally reduced the faot content of the milk and sometimes also milk yield
(McDowell, Reid and Patchell, 1967; Shaw and Ensor, 1958). The reductiom in

mlk fat may result indirectly through alteraticm in the proportioms of volatile



fatty ceids in tho rumen, or frum an effect via intermediory netabolism in
the body or marmary gland (Sutton, 1966). The feeding of oils of plant
origin has had variable cffects ob milk yield and fat content,

McDowoll et al. (1957) obtained no effect of added peanut oil, linseed oil,
soya bean oil (and tz2llow) on nilk yield apd compasitian, whareag in the
prosant axpexriront milic yield wns 1ittle affected, but butterfat yield and

percantage were incrovasod signifieantly in both experirmonts,

Butterfat productian was clearly stimmlated by tho acdition of oil.
Bacause wvalatile fatty ncid production appenzad to bo lower, rather than
higher, it 15 likely that this stimulus resulted froh an increased

incmrporotion of long chain fatty acids into the milk fat (see 1,.54).

In tho twc present experimmts peamut o1l givan to cows caused a reduction
in the protein and solids=not-fot percenteges in tho milk, A similar effect
on solids-not-fat percmntage was cbtoiped with added tallow by Petors, Harris,
Mulay and Pinkerton (19G1), with Friesian but not Jersoy cows, vhurass other workars
havo found no changes in tho S.N.F, percantage in mdlk (licDowell et al. 1957) when

additiconal oils were fed.,

Tho significont correlation (0,52) between the volatile fatty acid and
amanis concentrations within individual samples of rummn liQuor, sugrested that
these varinbles were affected by a caxman factor such as foad intake, Furthor-
more, the relationship betvesn the volatile fatty acid and armmmin concentrations
did not differ for the rumen samples obtained froom the cows within the differant
treatmont gramps. On the other hand, peammt oil was showm (Table 8,3) to have
1ittle effect on protein rmectebolienm (ammnia cancentration) but a significant
effect an carbdbohydrate metabolism (lower cancentrntion of volatile fatty acids).

This cbhserveotion, taken Cogether with the fzot that there was no evidence from



the milk yleld data to indicate that the oil treatmmnt led to a greatly
roduced intoke (as hes occurred in some experinmemts; Robortson and Havke,
19G4a), sugpested that the added oil may have altered tho microbial
populatian in the rumem, How o poesible change in micro-orgenisrm might
indncoe o change in tdlk protein synthesis wos not clear, but the results
froo this axpariment do indicate tbat the 1lipid contont of some ratians nay
be of more significance in influencing the protein cantent of milk than has
proviously been realised., In this regard it should be pointed cut that the
effocts of short Ruanni ryegrass, and RBoamul ryograss follouving heavy
applicatians of nitrggenocun fertilisers, on tho protoin content of milk
(Chapters 4 and §) mey have been partly dume to the higher levels of ether

extract in those pastures campared with the cantrol raticns.

8.5 SUMARY ARD CGNCLISIONS

Starch (900g./day) and peamt oil supplsments (410g./day) were given
to groups of oicht cows which were grazing Ruemi ryegrass during two

exporimonts corricd cut during the spring period.

The cows receiving storch produced rdlk which containod higher yields
and percentages of solids-not-fat and protoin, indicating that tho readily
available carbohydrate fraction of pastures may be axpocted to have some
influence an the protein contant of milk, The additional starch did not
influence the protein cantant by altering the molar proportions of individual
volatile fatty acids procent in the rumen liquor of thece cows. Therofoee,
the proaass involved was probably a small improvement in the lovel of feeding
or an improved utilication of dietary protein following the addition of stareh,
If lovel of feeding was the impartant factor of the two, it is clear that milk

yield is not a sensitive indicator of the change.



The cows recoiving poanut o4l praduced milk with a highor ylold and
percentege of butterfat, and lowsr contents of solids-not-fat and protein.
The higher fat contant of the milk was probably duc to direct incorporation
of dietary fat into milk fat, No adequate explmation eauld be made for
the changaos in the contents of solids-not-fat and protein so that further
exporimonts wore cansidered necassary, especizlly as tho othor extract cantent
of the high nitrogen ryegrnss was higher than tho content in low nitrggen

greass (5.31),

The material presanted in this chapter has boen published (Vilson and
Dolby, 1968) along with tho plasm wineral data (Vilson gt al., 1969) which
does not form part of tho prosent study. It is of intaerost, hovever, that
the starch supplenont reduced the extent of the f21l1 in plaamn magpaesiun
concantration, vhoreas the pearmt oil incrvasad tho roduction in plasme
nagunesium concentrations brought atwut by the high nitrogan Ruami ryograss.
Ience the possibility cxists that plasmn megnesium status mey affect milk
capasition, but at present there is no basis for sugpesting thnt this was a

casusl relationship.



CIAPTER 9

EXPERIMENT 7 : UTILIZATION OF RUANUI RYEGRASS BY

SHAEEP FED PERANUT OIL,

9.1 INTRGCUCTION

In Exparimant 6 (sce 8.3) 2 peanut oil supplorent wes shown to
stimalate tho praduoction of butterfat but depress milk protein and possibly
lactose production, It ws suggested that the effect an fat synthesis was
due to an increased incnrporation of long chain fatty acids in milk fat but
no adequate explanmntion for tho offect of 03l on tlhe protein content of the
nilk wag mmdo, Cansaequently z furthor expariment was candueted to provide
pore informoticon concerning the effeet of added oil on tho digestion of
ryograss, In this experiment, sheop vere fod imioars in order to obtain
cantrol over intzke and 80 facilitate the reasurement of the utilization of

the protein, carbahydratc ond fat camponerts of the grass.

Tho effect of 01l an the utulisation of ration campanonts has previously
beon studiod axtansively but results have been highly variable., Low levels
of supplercontation have usually 1led to the stimulation of carbohydrate
digestion and given more afficlent weight gnins (Esplin, [ale, lHubbert and
Taylor, 1963; 8wift, Thacker, Black, Bratzler and Jamws, 1847). Iigh levels
of fat, however, have genernlly resulted in a roduction in the digostibility of
all feed companants (Swift et al., 1947; Drodks, Garmer, Oelwko and Muhrer,
1954; Brothour, Sirmy and Tillman, 1858), and almost without exreption the

effect on aartoliydrate digestion has been greater than that an protoin digestimm.
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Apart from level of supplomentation, the effeect of oll varies with
its compositian (Droaks ct al., 1954), mothod of administration (Pfander
and Verma, 1987), quality of the basic rotion (Bsplin ot al., 19G3; Erwin,
Dyer and Cheminger, 1956), and level of mineral ians present (Groimger, Vhite,

Baker and Stroud, 1987; Vard et al,, 1957).

It has been suggested by several workers that the mochanism of action
of oil 1s to coat the fibrous particles with a protective layer (Vard et al.,
1967; Pfander and Verma, 1957) but thite, Greinger, Baker and Stroud (1988)
found that cellulose digestibility was not completoly resto:ed until 17 days
after the rmoval.of oil and interpretad this to mean that bacterial esctivity
nust be affected, This canelusion was supportad by tho results of Brooks gt al.
(1954) which included an immease in the prapartion of cocci to bacilli in the

unen liquor following the feeding of oil.

Thezo is less work reported on the effect of supplamentary 1lipid on the
coneaentration of fermmtation exd-pradncts in the rumen, Howevar, with few
excoptions, acetic acid concemtratian has been reduced and propicpic aeid
concontrations increased following addition of olls (Nottle and Rook, 18G3;
&haw, Ensor, Tellechos and Lee, 1960; Robertsan apd Hawko, 1964a). The
reduced acetic acid cancantratian §s consistent with a dopression in the
utiliz=zstion of the fibrous frection of the ratian, tut the incrense in propionie

acid concentration hes not been adequately explainsed,

With tho exception of the axparimant of Rotmrtsan and Hawke (1064a), in
which large reductions in intake complicated the results, nano of the above
nentioned experiments are absclutely applicable to tho prosent situation as
they were concerned with the effect of oil an the utilisation of diets other
than fresh pasture, This factor, togethor with the wide range of results

obtaeined in previous work further emphasised the necd for tho present experimant.



TABLE 9,1 Experimental deotails for Experiment 7.
Veek 1 2 3 4 ) (5]
Dates 19 Sept.=25 28 =2 Oct., 3-89 10-1G6 | 17=-23 24=30
Peanut oil supploment
(ml1,)
Sheep 1 - - - 231, 15ml. 23ml.
2 - - - 23m1, 23ml., 23ml.
3 - 23m1, 23ml, - - -
4 - 2Sml, 23nml, - - -
Proliminary First Chango—~ Second
period exparimaatal over axparicantal
period period period
Period numbor for
subsequent reference I I - 111




Two meture Ramney wothcors (shoep 2 smd 4) and two mature Ramney X
Choviot ewos (sheep 1 and 3 with rumm fistulso) were used in the experiment.
Folloving trectment for intermel parasites (Thiobamiarvole) thoy were confined
to metabolism crates and housed indoors. The aheep werce fod throughout with
freshly cut (apce/day) Ruami ryegross pastures which had rocoived 2 cwt, of
eormnium sulphate two woaks prior to the axrxmucermmm® of the oxperiment,
Following a training period of two weeks to accustom the sheep to indoar
canditions and to establish voluntary intakes, the shoop were put anto the
changeover experiment deseribed in Table 9.1. During tho €ix weeks of the
aexperinent tho four shecp were offered tho same greoen weight of ryegrass each
dny. The quantity chosen was between 500 nnd.GOO g. of dry mtter per day as
this was below tho quantity canmmnd by the poorest eater during the training
peried. Appraximntely two £ifths of daily ratiom wns fod at 9 a.m,, and the

remainder at 4,30 p.n.

The quantity of ppamt oil administered (a.m. 10 ml., p.m. 13 ml,) was
calculated to give appraxirmtoly the same ratio of oll to dry rmtter as wus

given to cows in the previam experimnt (socc 8.2).

Thoe digestibilities of the dry matter, ascid«dsterpant fibre, arude protein
and ether extract, togethor with nitrogen balances for intdividual sheep, were
obtained for each of the 6 weeks of the axpuimmet, The axtent of cellulose

digestion was further examined using cotton thread inserted through the rumen

fistulae of sheep 1 and 3 during each of the experimemtal periods and immediatoly

followingz the end of the experiment, By ecvering half of the threads with

peanut oil just prior to insertion into the rumen the importance of a protective



coating of oil in affecting cellulose digestion was aosessed, Ap it wes
expected that digestibility could be altered by oll sipplezentation the
rates of pasoage of food residues thirough the animmls vere neasured. Part
of tho ration was stoined with potassium parmemgunote solution on ane
occasion during cach of the three experimantal pariods (soc Table 9,1) in

order to mecsure rates of passage,

A furthor measurce of the influence of 01l an the digostive processas
was obtained by measuring volatile fatty acid and ammnia cancentratians in
the rumen liquor of the two fistulated sheep during cach of the three

experinontal poriods,

9,22 Sampling and analysis,

Herbsge: Representativeo sarplos of feed (about 300 g,) wore takem at each
feeding time for tho detormination of dry matter intakes, Tho samples were
dried at 100°C for 24 hours and the dried samples bulked far each week prior
to chenical analysis, The bulked sarples which had boeen stared in air tight
contziners were subsequently ground (1 mm. seive) and anclysed for nitrogen,
ethor extract (A.0.A.C. 1968} and acid-detergent fitre (A.0,2.C,, 1963).
Aeid-detorgant f£ibre, which in a measure of cellnlese plus lignin, was
rasurad in preference to erude fibre in this expaimnmt as it is a more
preciso measure of the least digestible partian of the pasture plant

(Van Soest, 1905},

Faoczl somples: Foeces wore collocted using bagn in the case of the wethere
and from the ewes by cdeflocting the fapces away frum tho urine with a sloping
gauze mesh mounted beneath the animals, The faeces from esch sheep vere
bulked for each week (stared at - 10°C), then dried in an oven ot 100°C for

48 hours, and sub-sarples ground prior to anzlysis for nitrogen, ether extract,



and acid=dotorgent f£ibro contents, Fron theseo data and the corresponding
herbage data, digestibilitios were calculated allowing 2 1lag of one day
between intake and faecnl maassuramemts in an attempt to account for the time

takon for food to pass through the digestive tract,

Urine sarplos: Urine wes collected in 1,80, (18 nl. 18H-I,SO,/1itro) in
order to preovent loss of nitrogen as ammoniz, The urine from individusnl
shecp was tulked for a period of a week oand the bulk samples were stared in
covered containers at 4°C, At tho end of each woek tho nitrogen cantents
of 5 ml. sub=-samples of uripe wore determined (in duplicate) using standard

nothods (A,0,A,C,, 1965),

Rumen 1icuor: Samples of rumen liquor wvere taken froo the two fistulated
sheep on two aconsecntive days during weeks 1, 3 and 6, The first samples
vere taken Jjust prior to the morning foeding and subsequantly three further
stmples were obtalned at two hoaurly intervals, Samples wero stored and
analyse€ for armxmis amxl volatile fatty acid cancentratiams and molar

proportions of imiividaonl volatile fatty acids as described previously (2.8).

Digestion of cotton threads: Taur "eoils” of cotton thread (each weighing
about 0.20 g.), two of which had been irrmersed in peamt oil, were weighed

down to tho bottor of the mmen of the two fistulated sheecp an four separate
days (5, 23, 30 and 31 October). The loes of dry matter vhich coccurred

during the course of 30 hauxrs in the rumen was measured for individual codls
of cotton, The last two oceasions sere inclwded to sece whothor there was a

carry-over effect of oil on celluloso digestibility.

Rate of pessage of food residues: The rate of passage of dried ryegrass
(stained with potassiun porumnpanate) was followed an ane cceasion during

ecch of the three «xperimental periods.



TABLE 9.2 Dry matter intakes (g./dny) of individml shocp for
cach woek of FXparimmmt 7,

Vieek 1 2 3 4 5} 6
Sheep 1 598 538 516 439 549 548
2 631 573 855 850 S84 533
3 620 B69  S55 850 584 580
4 612 573 552 547 584 564

TARLE 9,3 Chanical capasiticn of the Rumnul ryegrass
usod within each week of Experiment 7
(parcentage of dry natter).

Vool 1 2 3 4 ] e

Crudo protein (Mx6.35)/32.8 28,4 27.4 26.5 25.3 22,9
Bther extract 6.5 G.© 6.8 6.8 6.1 8.6
Acid-detergent fibre (22,6 21.7 23,6 23.9 27.2 25.0

Ash 10,7 10,3 10,9 10,8 10.7 11,2




o1.

#boat G kg, of Ruanui ryegrass wes dried (1 kg. D.if.) and then soeked
in a potassium permangnate solution (100 g. in 51, HQO) for 30 mimstes.
The grass was then placed in a tuelin bag and vaahad thoroughly for
30 alnutes. At this stage vory 1little colour could be leachod off by
immersing the stained grass in a bucket of water, The grass was then dried
and 30g. (about % of dry matter intake) fod to each of the four sheep before
the narnal worning ratian, Faecal samples were cbtained 12, 24, 28, 32, 48,
GO, 72 and 80 hours aftexr fecding the stained grass, The individual samples
were dried and 2 g, eub=sarmples ashed, The mmgneas was raoved from the
ash with 2H~IICI and tho filtrato made up to & suitable volure with distilled
water to allow the measuremcnt of menganasBe comentratiocn using an atomic
absorptiaon spectrumster. The concentratiocn of manganose present in each of

the samples was expressed relative to faecal arganic mpatter,

9.3 RESULT'S

9,31 Intakes of .

The Ruanuil ryegrass pastures were 8-8 inchas lang at the timo of cutting.
The dry mtter intnkes of individual shsep during sach weck of the expaximemt
are given in Table 9.2. The intakes were frirly similar fruo week to week
apart fron during the prelimnary periad when they were highor. The odl
treatment adversoly affocted the intake of sheep 1 during the last two days of
woeek 4 and first § days of week 5. For this reasan the level of oil
epplamntation for this sheep was reduced fram 23 ml. to 15 ml, per day for

the Zirst 4 days of week 9.

The crude protein, ether extract, aciddstargmnt fibre and ash contents

of the ryegrass fed to the sheep during each week of the experiment are given
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TABLE 9.4

Apparent digestibility (%) of ryegrass and ryegrags plus

0il raticms (dry mattor basis) during the experinental
periods (IX and III).

Dry matter Crude proteoin Acid-dotergent fibre Ether extract
Ryegrass Rye + Oil | Ryegrass Ryo + Oil | Ryegrass Rye + oil |Ryegrass Rye + Oil
Sbeep 1 ; 011 given in | 81.37 79.00 84.35 B82.65 76.00 74.00 2.0 76.0
Sheop 2 ) To¥icd 111 83.78 70.12 87.70 83.85 78.60 75.65 63.7 6.8
Sheep 3 ; odl @hved in 81.87 81.%0 84.60 85.06 76.00 74,65 83,5 7G.0
Poriod II

Sheep 4 ) 82. 4 81,62 86.48 86,00 77.00 74 .50 68,6 73.7
Overall means 82.21 80.31 85.76 84.806 76.91 .70 64.44 73.69
Control mean - 01l mean «1.90 -1,30 -2.21 +5.10
Bigniticanae of N.8. N.S. P<0.01 P<0.08

treatment difforances.




TABLE 9.5 Pate of dietary nitrogem for sheep fed ryegrass, oOr Tyocrass
and oil rations : moan values for 14 day pariods.

Ryegrass Byegrasp + Oil
Exparimntal Period 11 111 11 111
Nitrogen intake (g./day)
Sheep 1 (Choviot x Rommey) 23.50 - - 19,58
2 (Rammsy) 35.20 - - 22.10
3 (Choviot x Rammsy) - 22.40 25.10 -
4 (Rommey) - 22.10 35.10 -
Foecal t N/day)
Sheep 1 3.70 - - 3.40
2 3.10 - - 3.985
3 - 3.45 3.60 -
4 - 3.00 3.80 -
Urine output (g N/day)
Sheep 1 17.15 - - 14,80
2 20.80 - - 18, 7
3 - 16.06 16,80 -
4 - 18,75 19.50 -
Retention (g, N/day)
Shesp 1 +2.66 - - +1.36
2 4+1.30 - - 0,15
3 - +2.90 +5.00 -
4 - 40,358 +2.00 -
Mean +1.80 +2.10
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T/ABLE §,6

fed ryegrass, ar ryegrasse and oil : mean values of four

sanples an easch of two days.

‘malyses on the rupan liquar from the two fistulated sheep

Sheap 1 Shoap 3
Experimaontal poriod I 11 111 1 II 111
Total V.F A (ui/100ml.)
Ryograss 8.31 7.74 - 8.15 - 7.55
Rye + 011 - - 8.65 - G.85 -
N, oanc. (. N/100m1. )
Ryegrass 37.G 24.0 - 36.C - 22.0
Rye + 011 - - 23,3 - 92,1 -
lolaxr proportions of V.F A,
Acetic acid ) Ryegxmses G67.3 G9.9 - Gs.8 - 9.8
g Rye + 01l - - 70.1 - G9.0 -
Propionic acid ) Ryegrass 23.8 20,7 - 23.1 - 20.5
; Rye + 01l - - 22,0 - 20.1 -
Butyric acid ) Ryegraas 8.9 9.4 - 8.1 - 9.7
; Ryo + oil - - 7.9 - 10.9 -




TABIE 9.7

over 30 hoors.

porcentage loss of déry natter

Digestion of cottan throuds in sheep fed ryegrass, =l
ryegrass plus oil :

Sheep 1 Shoep 3
011 covered Control 011 coverad  Cantrol
cotton cotton cottm cotton

First exporimental period
011 given to sheep 3
via mouth (9/10/68) 44.0 50.8 1.8 7.3
Second experiment poriod
011 given to shesp 1 1.3 8,7 40,9 42,6
via mogth (23/10/68)

(80/10/68) 7.1 8.5 45.1 50.4
Post-exporinental poriod
No oil via mouth (31/10/68) 18,7 14.6 31.1 43.9

TABLE 9.8

Length of time (hr.) for 25% and SC% of the stainad hay to be

eliminated from individual sheep (obtained from Figure 9.3).

Experimantal pericd I 11 111
Treatment Cantrol Centrol 01l Control 0il
2%% of gtained grass
Sheep 1 28 18 - - 33
2 29 32 - - 45
3 26 - 31 29 -
4 a7 - 28 28 -
50% of stained grags
Sheep 1 39 20 - = 42
2 48 50 - - 57
3 37 - 46 38 -
4 37 - 41 -7 -
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liquor samples taken froo the two sheep during each of the exporimental
periods aro given in Tableo 9.0, The dlurnal changee in tho wpolarx
proportiocns of volatile fatty acids for each of tho shoop during the two
exparinental poriods arc 1llustrated in Figure 9.2, Thorc were no
cancistoent differancos betwean any of the above mean values which could

bo attributed to the addition of cil. However, there wero cansistent
difforences between the two sheep irrevspective of the presence or ahsenco

of additiamal oll. Volatile fatty acid concantratian, amrxnia cancentration
and tho molar proportion of propionic acid in tho runen limor were cll

consistently higher for sheep 1 than for shoep 3.

9.34 Dipestion of cotton threads,

The extant to which ordinary cotton thrend and cotton threed coated
with peanut oil was digested vhen placed at the bottom of the rumen of the
two sheep during the axperiment is surEmrized inm Teble 9.7. Peanmat odl
given via the mouth depressed the digestibility of tho cotton to less than
a £1fth of the level obtainad in tho nan-supplemented shoep. Coating the
cottan with oil also dopressed the digestibility imn all cases with the
exception of shoecp 1 on tho day after administration of oil via tho mouth

had eeaszed (31/10/G8).

©9.35 Rate of passage of food rosidues.

The rates of passage of dried grass impregnated with potassinm
permanganate for individual sheep during the three exporimental pariods (I,
11, II1) are showvn graphically in Figuro 9,3. The curves chow the hour by
hour aceumlated percentage of the total quantity of magpuness eliminated in
the faceces over an 80 hour period. The lengths of time reoquired for the

first 25 and 5C% of tho stained paterial (relntive to total anoumt obtained



in 80 hours} to be voidad wero obtained by intexrpolaticn from the graphs
apd ere presentod in Table 9.8. Thoee data in the grcopins and in Table 9.7
indicate that the added oil depressed the rate of passage of food residues

through the digestive tracts of the sheep,

0.4 DISCUSSION

The lovel of peamut oil administered was sqivalent to raising the
othor extract of the pasture from cbout 0% up to 105, Tho ratio of oil to
pasture dry onttor intako was slightly greater than that roachod ¢uring tho
previous oxperimernt in which oil wos given to lactating cattlo. However, in
other rosppots such a8 composition of the pasture, anxd method of adndnistration
of the oil, tho presont experiment replicated ag far as possible the provious

exzperioont,

The posslbility that added peanut oill mmy redico voluntary intake was
indicated by the intake results from sheep 1 (Table 9.3). In this yogard it
wns of interest that the offect an intake did not occur for several days after
oil wns first fod, and that after a period an a reduced lovel of supplomentation
a return to the full dose level did not then affect intoke. This suggested
some form of adaptation weas necassary such as a slow changoe in the rumen
micro-organisns present and is a pogsible explanation for the variable results
obtainod by Robertsan and Hawho (1964a). By using short treatmmt periods
(maxtmn of four consocutivo days), their data were probably obtained during
a transition period before the digestive system was eccustamd tc the vory high

levels of 0il adninistered.

There were changes in the type of pasture used during the course of this
present experimont and the highaor contants of acid=detorgent fibre and lowec

ether extracts cduring pericd I1I, coopared with II, vauld beo cxpected to be of



oost sigidficineo, HBowover, 2 dofiniie troationt Ly poriod interzction ws
not apperont in the digostibility dota (Table 9,4) poesiblo owing to the
annll maber of shoep used and the voriations botvean the o ghoop within

trentont graups.

In accordonce with provious cxperinents (gec 0.1) the digostibility of
acid=dotcergont filwe was deocrecsged more timn the cruco protain feaction of tho
rlant, which sugroats that the oil hed o ratlor seloctive effect an the least
digestikslc portiom of the rycCr:ss. Thooc resulis #0ro 21so in sgruoment
with the finding thot adninistoring oil to cotws (sec 8.3) rosultod in a lover
volatile fott; acid concantration (dorived meinly froc carbalycdrete), but
couged 2c chonge in the armoni: concentrotion (derivod frac plont nitrogeon)

aof the mzon licmor.

Tho relcotivoly s:rnll differencee betueen troctionts ia tho digostibility
of crude protoin, the nitscgon retoantions, and tike axania ancagrations of
the runmen licuors from tho oheop, confirm timt nitrogon petabolisn weg littlo
offeoctedt by ponmnt o1, It 15 roasanableo to segpoest, tleorefore, thot the
offoct of 0il in chonging the protein comtent of the dlk in tho provians

axperinont was not brought abait directly by o changn in tho utilization of

dictory protoin,

Of saro genarnl intoerest was thio occcurzom® of clesy difforancos betvoon
tie ghoap f tho tuo breads in tlw proportion of diotury nitrogon oxcroted in
the uyrinoe (Table ©.5) =2nd cansequontly differencas in nitrogen retantics,
Further axperi contal confirmntion of brood differarrun cuch cs thase coald
provido the moons of cdovoloping nov types of ehooi: capuble of curviving on

rotiome low in nitrogen.



In contrest to othor crpanents, the digectibility cocfficient for
othor oxtract was increased by tho added oil., This moy pot nocesscrily mean,
however, that the digestibility of the grass 1lipid was incroased os it would
be reasanahlo to expoct that tho added oll would be in a much more availabls
form than tho grass 1ldipid. In fact the total ocutput of othor extract in the
faoces was incregssd by betwoan 2 and 5g./day in individual weels by the added

oil.

Tho absence of en effect of oil on volatile fatty acid cancamtration in
the rumon liquor 18 apparently in conflict with tho changes obtained in
digestibility, but tho probable reasan lies in the fact that with a highly
digestible grassc the greatest proportian of the wvolotile fatty acids would be

dorived fram thc readily available fractian of the dry matter.

Vhile it is cloar that the actian of oll was ncinly on the mozre fibrous
fractian of the ryegrass residues the mechaniem of action was not so apparent,
The dopression in the digestibility of the cottan thread aftor it wvas imerssd
in o1l sugpueted that a protective layer of oil may bo responsible, but tecanse
oil givon via the mouth had a scveral times greater affeoct (Table 9.7), anothor
nechanisn was probably of nore importanco, This mochoniso may have boen an
alteratian in tho typo of micro-urganisms present as was found by Droaks ot al.
(1954), or a spocific dotrinental effect of oil an the collulolytic organisms.
The partial recovery in the digestibility of the cottan tilwead for shrcep 1, the
day after tho cnd of tho experiment (oil pot given orally), indicated that the
0il had a earry-over effect which 15 also sugpastivwe of a gradual chenge in the

nicrobial population,

The results fror the present ezxpariment and those fron the previocus ano

(Expt.G) differed in that the volatilo fatty acid cancantration in the rumen



7.

liquor of the cows was lawervod by oil vhereas this did not occur in ths case
of tho sheeap, As the composition of the pasture wes rvasannbly similar in
the two exporimmtse, ani the level of supplementaticn was rolatively greater
in the casc of the sheep, the most 1likely reasan for the differant respanse
in volatilo fatty acid cancentration is that the voluntary intaoke of the cous
was peduced. A lover digestibility and a slower rnteo of passage of food
residues (Fig.9.3) night be expocted to result in o lovor intake under

ad libitum feeding conditions (as for the cows) but those factors would be of
no gignificance at thos lovor fecding levels used in the present axperinent.

A lower digestibility and/or a small reduction in intake could account for the

lover protoin content in the milk in the previous exporinent,

9.5 SERARY ARD CONCLUSIONSB

A poanut oil supplement (23 ml./day) was givan to four sheop eating
Ruanuil ryegrass in a chenguovar experiment in order to exanino its effect an

tho utilizztion of dietary protein and carbohydrate.,

The utilization of dictary protein ag measured by digestibility, by
amonin concentration in rumen liquor and by nitrogen rotantion data, wes not

altered significontly by the addition of peamit oil.

Tho digestibility of tho "fibrous” faction of the ryograss (acid-detergent
fibre) was reduced by tho peamut oil supplemnt (P< 0.05), amx! the oil also

reciuced the rate of passage of food residues tlrough the animml,

In contr-gt to tho previous experimant (G), the peanut oil supplement did
not lower the concmmtration of wolatile fatty scids pregsent in the rumen liqmor.
It was coonsiderwl thet the volatile fatty acid cancemtration ney hove been

lovered in the case of the cows by affecting intake, and that this did not ocamr



in tho present exparinant because the intakes of the shecp wore held
considernbly bemeath their maximm lovel, Such a chenge in intake,
particularly if aeccoopaniad by a lower digestibility, would adequately
explain the lov protein content in the milk of the cows givon peanut
oil, provided thot it is accepted (as was sugpmsted in the case of
starch supplemants) thast differencms in milk yield werc not a very

songitive indiector ©of changos in fooding lewoel in Dxperioent O,



CIAPTER 10.

EXPERIMENT 8 : EFFECTS OF PROTEIN SUPPLEMENTS ON MILE

PRODUCTICN OF FRIESIAN COWS IN THE VINTER.

10.1 INTRODUCTION

In Exporiment 6 (8.3) it was shown thast cows given a starch supplesent
produced milk containing a higher protein percentogce, Tho mochanisn involved
wvas not defined but it was clear that the change was not aasBuciscted with an
alteration in the molar proporticns of volatile fatty aclds presant in the
Tumen liquor, A snall irmprovoment in level of feeding or an improved
utilization of diotary protein in the numan mey have been involved, The affect
of adcditional protein vas axamined in the present experiment to investigate

further thc latter possibility using a different experimontal appreach,

The mein metabolic processes involving protein in the rumen have now been
established (for recent roviews sec Hungate, 1966; lNeDonald, 1968; Waldo, 19G8).
Proteins in the feed aro rapidly broken down to amino acids, by proteolytic
bacteria, and these are in turn quickly deaminated to form ammonia,  Ammonia,
which is absorbed through the rumen wall, is to a large extent a waste product
and hence the animal depends for its protein supply on the digestion and
absorption in the intestine of food protein which has eseaped rumen digestion
together with microbial protein, The factors which have been shown to influence
the amount of dietary nitrogen that leaves the abomasum, relctive to that lost
as smoonis include: the lovel of nitrogen in the mtion (see Experiment 4), the
solubility and physical state of the dietary protein (MeDanald, 19G8), the
amxnt of organic matter formented in the rumen (Bogan and Westan, 19G7) and the

amount of available carbohydrate in the ration (see Ixperiment 6).
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The importance to the animal of the mmount of nitrogen lecving the
abanaarm has been emphasized by cxporiments such as thogo of Chalmors,
Cuthbertoon and Synge (1954) and Littlo and Mitcholl (19G7) who obtainad
nmore officient utilizction of protoins apd amno aecids vhen thoy were
adgninistered to rurdnonts vis the ducdamun than via tho rumem, 7dth
intact animels the basic problem is obe of raendaring the foed protein
unavailable to rumen orgumisms without affecting the digestibility of the
protein, Rocently Fergusan, !lamsley and Reis (19G7) have shown that
treatnent of casein with farmeldnhyde rendsss it resistant to mlcrabial
attack under olkalinc or noutrsl canditions but that this prucess is

roversed under acid ecanditicns such as oecur in tho abamsun (pil 1 to 3).

In the prosent experimant supplements of formalin trected casein
(treated cagein) and ordinary casein (both in 2 acaxentrate nixturv) were
given toc lactating Friceian cattle auring the winter, Friegian cattle
were used at thls time of the year bpcamss they were expocted to prudnce
klk containing a lov peraontage of solids-not=-fat and protein. Bome
tho hypothesis being tosted was that milk with a low protein content may
be producad vhon there is a shortage of protein reaching the abamsumn,

A positive result fram the troated casein but not from tho ordinary casein

would eupport the hypothesis.

Twenty seven Friesisn covs of wixed ages which had ealved in April
or early lay ware available for use in tho experiment, Of these only

sevanteen regularly consurod thoe pelleted cantrol ration (gee below) when

100.
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3 1b. was offered to them at mmuing milkings over a five day period

(1 to 5 June, 1968). These seventaan cows together with seven others
chasen an the basis of a sultcble calving dete and a satisfactory milk
yleld wero allocated at rzndo@ to threo treatment ¢roups of eight cows
with the restriction that anly those that readily conmirsd cancentrates
were included in two of the three treatmemnt groups., The experiment
consisted of two feeding poricds, During the preliminory period

(9 = 21 June) all cows were fed mixed pasture togethar with a small rotion
of hay (apgrozximatcly G 1b./Mhead/day) and silage (approximately 25 1b./
head/day). During the exporimental period (21 June - 5 July), feeding
wos similar to that during the preliminary period except that the cows in
two of the threc treatment groups received 2.5 1b, of polleted concentrate

per head at each milking,

10.22  Concentrate Mixtures.

The composition of the two concentrate rations were as follows:-

Treated casein ration (7C) Casein rat C
Formalin-treated casoin 20 parts Casein 20 parts
Barley rmeal G4 parts 64 parts
Bran 14 poerts 14 parts
liollases 2 psrts 2 parts

100 1

8

10.23  Prepapation of tho troatod casein

The formalin-treated casein wes prepared by tho Dairy Besearch lnstitute

with the co=operatian of the Manawatu Co~cperative Dairy Campany Ltad,

A batch of dried unground loctic casein was divided into two poarts, cne of
which was treated with formalin, Cold water (three timocs the weight of

cagsein) was placed in a D - vat and the cesein poured in, Formalin (2% on
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woight of water) was added and the wholo mixod for 50 minutoes, The slurry
was then pumped via a screan to the casein pregs and thonce fed to cantimous

vibrating screen driers. The mnterial wes thon passed to a blending bin,
mixod and bagped. The moisture cantent of the casein used was 12,2 and after

farnalin troatoent was 14, 3%,

10,24 In vitro test of the troated casein,
-

Although the nature of the complex which is formed in a specific case
nay not be known, the offectiveness of the farmelin trectmaat in protecting the
ceseln from proteolysis and cdardpation in the rumen was gauged under in vitro
canditions, Duaplicate sapples (0.5 g.)cf treated casein, ordinary casein,
and remct casein (included far interest as this is known to be reletively
insoluble 4t rumon pill of 6 = 7; Southword, 19G8), werc incubated with 50 ml,
of strained rumen liquor in glnss bottles (fitted with coe-way lminsen wvalves)
hold ot 39°C 1n e water bath, Tho rumen liguor was obtainod immedintely
before the in vitro fermmmtation from a rumen-fistulated cow grazing uixed
pasture, Amonia caoncentrations werc determincd {sec 2.8) on sub-samples
obtaoined from each of the bottles cantaining casein together with two blanks

(rumen liquor anly) after 3, G, and 24 hours,

10.26 1In vig test of treated casein.

A8 a further check to the effectiveness of the formalin conting the
trerted and ordinary caseins (0.5 1lb./day) were aduinistered via the rumem
figstulae of ane pair of twino grazing mixed pasture at each morning millding

over a 8ix day period. Troatmonts were os followsg:-



24
HOURS

Fig.10.1 The production of ammonia in (50 ml.) samples of rumen
liquor incubated with 0.5 g samples of casein (0),

treated casein (®), and rennet casein (@), at 39°C
for 24 hours. (Blanks with no casein, A ).
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Day Cow 121 Cow 122

1 No supplenat Mo supplerrnt
2 o supplcoant Yo suppleoent
3 Treatod casein Cosein

4 Troated casein Casoin

S Ccsein Treated casein
G Casein Troatod casein

Samples of ruren licuor were obtained from the contre of the rupoen from both
cows immedictely before adnministration of the casein and subsequently at 2,
4 and G hours, on each of the six days. Armmonia concentrat lons were

deternined on all sarples of rumeEn liquor (soe 2.8).

10.3 111k sampline anxd analysis.

Iiliz yields werc moagured at individusl odllings froo the Sunday
evening milking umtil the Friday morning milking curing oach of the faur
wocks of tho experiment, Sarples from indivicdual cows at all milkings
were enclysed for fat, protein, and lactose parcontagos using I.RLIHLA.
These date vere analysed by analyses of covoariance cs described provicusly

(3.’&4).

10.3 RESULTS

10,31 In vitro test of treated casein,
AL ETTTS

The cancentrations of aoaonic produced in the in vitro incubetions of
the trenrted and orxdinary caseins aro presented in Figurc 10,1, It wos clear
thet after 3, G, or 24 hours the ammonis produced fron the treated casein was

very sinilar to that froo the blonks, indicating thet the trectnont wes
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Fig.10.2 Diurnal variations in the ammonia concentration of rumen liquor, following administration
of casein or "formalin treated" casein to a pair of rumen fistulated twin cows.



TABLE 10.1 The influemce of 0.5 1b, of formalin-trected and ardinory
ensein on the mesn ammondn eancemtration (mg.N/100 ml. )
of the rumemn liquor fram two COUB.

No supplement Treated Casein Ordinary Cagein
Cow 121 41.9 40.9 47.2
Cow 122 40.9 4.9 45,7
Ovazrall mean (and
standard error. 41.4 (1.8) 41.4 (3.7) 46.4 (1.2)

of daily means)
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Fig.1l0.3 Average daily milk yields and milk compositions
from groups of Friesian cattle given concentrate
supplements containing casein (0 ), and formalin
treated casein (&A). (No supplement, ® ).
(First sample, mixed pasture feeding).



TABLE 10,2 The yield and camposition of the milk from cows given two concentrate mixturesg
cantaining famalin-treated and ordipary cesein : ndjusted treatmant means,

Troated casein Ordinary cagein Non=supplenon ted 8ignificant d1ffs.

(TC) (C) (Ns) P<0.01 P<0.08
Milk yield (1b./cow/day) 36.4 34.8 22.7 TC > N8 C>Ns
Fat % 3.77 3.95 3.80 - C>TC
C>Ne
Fat yield (1b./cow/day) 1.36 1,34 1.26 - TC >Ne
Protein % 3.33 3.44 3.28 C>Ns
TC<C TC>Ns
Protein yicld (1lb./cow/day) 1.22 1.19 1.08 TC>Ns -
C>Ns
lactose % 4,97 4.901 4.91 - -
Lactose yield (1b./cow/day) 1.80 1.70 1.30 TC >N8 TCc>C

C >Ns
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effective in proventing protein degradation in vitro. iAs a comparisan,
ordinery casecin was shown to procduce values substantiaclly above the blank,
Ccomercial rapncet casein was apporently partially resistant to degredotion
as the increase in amronia level was approxinetely onc third of that cobtained

from tho incubation of ordinary casoin,

10.32 In vivo test of the trcatod cagein,

The cancentrations of armonia in the samples of rumen licuor from the
tvo cows, following supplarentation with treated and ordinary casein are given
in Pigure 10.2. On tho basis of the daily mean wvaolucs for cach of the cows
(Table 10.1) the in vivo results confirmed that the formnlin trentment was

cffective in reducing the formntion of ammonia frao the added casein.

10,33 1ilk yield and composition.

Oy the ocnd of the preliminary period it was clear that two covs wvere
unsatisfactory experimental anipals on account of megtitis infoctions, ond
therefore data wore obtainod from anly seven cows per treatment group during

the experioental period,

The mean data for mllk yield and camposition are prosented in Figure 10,3,
and the mean values for troatment groups, after adjustoont by covariance for

prelininary period differences, are given in Table 10.2.

The milk yield prodhiced by the cows vhich roceived treated casein wes
higher than that from the cows which received the raticn contzining axdinary
cagsein but the differonce was not statistically significant (P> 0,05). Both
tho supplomonted groups, hovever, produced significantly more milk than the

non-supplemanted group.
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Butterf:t and protein percentzges were higher in tho ik from the
casein suppleponted group than from either of the other tvo graups, but the
protein porcentage fran the cows vhich received troated casoin wvas also
highor thon thet from the nan-suppleomented group (P< 0,05), Lactose
porcentages wore similar for tho rmlks from the throe groups. The yieclds
of all capaents werc sinmilor for the two supplemented groups and
considorebly nigher than tho corresponding values fron the non-supplencnted

group of cows.,

10.4 DISCUSSION

The in vitro and in vivo tests of thwo formalin-treated caosein indicated
that the treatnent was effoctive in preventing the degrodation of the cascin by
runcn orgonicos, Therc was not, an the othor hond, any dircct covidence fron
tho rosults to canfirm thot the troated casein was mude availnble for intestinal
digestion and absorption, Illovever, indirect ovidence of two types suggest that
this in fact occurred, Tho sano treated casein vas uced in Sxporiment 9 and
supplements givan in wator produced changes in milk campooition which indicoted
thot it was utilized, In addition anothar batch of trectod casein, prepered by
sinilar means as thot usced for this experinment, produced incrcasces in plasma anino
acid cancentrations when fed to ebeep by Carrico (1969), The cancentratians of
prolino, citrulline, valine, leucine, and particulerly an unihovn amino acid
increasod considersbly. The troasted and the ordinory caseins used by Carrico
werc tested an his behalf in the in vitro experiment described (10.24) and the
ammniae concentratians produced were almost identical to the correspaxiing values

obtained from the naterial used in this oxperirent,

The principal comparison of interest was the yleld and rpilk composition date

fron the troctoent groups receiving the two types of protein supploment.
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Because no "non-protein” cancentrate rotion was imcluded as o faurth trestment
group (e to insufficient cows being availabls) it wos not possible to egsess
tho effect of including the 20% casein in the ration independert from the effect

of tho "ecarrier’ (barley meal and bran),

The camposition of the milk from the two supplamented groups differsd in
protein (P<0,01) ond fat perceatoge and in both cases tho cupplomnt comtaining
ordinary casein produced the higher velue, Howewer, thie yilolds of these
campanants were sinilar beecause of the higher milk yicld from the troated casein
group, The reosults for milk protein, therefore, did not support the hypothesis
boing exnmined, in that the trected casein did not result in a highor protein
yield or cantent in the nilk, relative to ordinary casein, A possible
explanstion for the highor protoin percentepge fram the ordinary casein group nay
be that tho corbochydrate fraction of the supploment provided o source of readily
available carbchydrate which improved the utilizotion of the cesein to fom a
larger microbial populction which wes subsecuantly awvailnble for digestiaom,
¢arrico (19G8) fournd similar wool growth rates fron troatod ond ordinary casein and
also explained the unexpocted result on the basis of thoe high amounts of readily

available onergy provided by the barloy meel in the bagic ration.

Tho low prctein percentago in the milk from the pon-supplomented group
(3.25%) confirmaed that the basic forege ration was capcble of supporting only a
rolatively low milk protein content and was therefore deficient in respect to
quality or quentity., Thus it was of some interest thot Both the supplaments
produced significant changes in tdlk yleld and compociticn cappnred with the non-
supplemented group. In fact the extent of the chonges in milk yield and in
protein percentege was gencrally groeater thon for scverrl previous exparioenmts

ecarried out ot Maseey University (Tapaerie, 1966) in which suppleaments of 8.5 to
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10 1b,./dasy of a barley meal a2nd bran mixture were fod to Friesian cattle,

undor similar eircumstances to those used in the present exporinment. The
reduction in fat percentage (0.1 - 0,3%) obtained fram feeding the carbo-
hydrate supplanants in the previous experiments did not occur in the current
exporinent, V7hile it is tempting to sugpest that tho highor protein content
of the concentrate mixture was responsible for the morc satisfactory results
obtained in this experiment, many other factors mcy havo beon involwved.

Theso include the fact that supplements were fod twice daily in the current
experinent but anly ance in previous expariments, and the basic grass ration
may have beenn quite different in the vorious oxperimonts, A future experinment
to compare concentrate supplaments containing high and low levels of protein is

indicated.

10.5 SETNRY AND CANCLUSICNS

The effect on milk yleld and compasition of feeding Friesion cattle
during the winter with two concentrate mixtures was axomined. Five pounds per
day of 2 concentratc mixture containing 207 cammercial casoin resulted in
higher protein (P< 0.01) cnd fat (P<0,06) percantages in milk than a similar
mixture cantaining 20% formnlin-trected casein. The yiolds of these campanents
of miik, howevor, were similar for the two groups., Therefore, the results did
not support the hypothesis that a low protein cantent in nmilk may be due to a

deficiency in the amount of dietary protein thaet reachos the intestine.

It wos suggested that tho ordinary casein may have been efficiently utilized
ovwing to the presence of lorge emmunts of amilable cartmbydrcte in the remninder

of the concentrate mixture.
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CHAPTER 11

EXPERIMENT 9 : EFFECT OF PROTEIN SUPPLEMINTS ON
KIIXK PRODUCTION OF COMS GRAZING

IIGI NITROGEN RUANUI RYEGRASS.

11.1 INTRODUCTION

In view of the possibility that interactions between the carbohydrate
and protein campanants of the concentrate supplemants used in Experiment 8 (10.4)
canfoundod tho results it wns cansidered mecessary to ex»nino further the effects
of ordinary camercial casein and formalin-treated cagein an milk production,
In this experiment the two typoes of casein, suspended in vator, werc adninistered
twice daily (1 1b./milking) to twin cows graozing Rusnui ryegrass containing a

high eantent of nitrogen.

The exzperimont was carried out at the same time of the year and an the same
pastures thot in provious years induced low solids-not-fat and protein contents
in nilk, By giving the two types of casein the aninols were provided with equal
increrents of cnorgy but the sitoe of digestion differed, The ordinary casein was
subjected to metabolisnm in the rmumen vhareas the treated casein should only becaome
available for digestion after reaching the abamasun (sce also 10.1). 1f poor
utilization of dietary protein in the rumen was a factor with pastures containing
a high level of nitrogen, tie protein yleld or percoentage of the milk would be

aexpocted to be increased by tho treated, and mot the ordinary casein.
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11.2 EXPERIMENTAL HETOODS

11,21 Animals and design of the experiment,

Twelvo pairs of monogygous twins (two Jersey x Friesian pairs, and 10
poirs of Jorseys) which had calved in July or August werc grazed together for
a preliminary period on nixed pasture (9 Nov, - 22 Nov. 19G8), Following this
period the cows were divided into threeo treatmont groups (incompleote balanced
block design) for the axperimcontal period (22 Nov, - G Dec.). During the
experimontal period tho cows grazed Ruanul ryegrass pastures and ane group of
eight cows received no supplenant (control group), a sccand group of eight
0.5 1bh. of formalin-treatec casein following each milking, and the remaining
eight cows 0.5 1b. of ordinary casein following each milking, The caosein was

suspended in 800 ml. of water immedictely prior to drenching.

Pagtures: The pastures used during the prelimnary period cansisted of nixed
ryegrass/white clover pastures with ermll quantities of cockafoot and prairie

grass, The five paddocks containing pure swards of Ruamii ryegrass (see Table 2.1)
which were used during the experimontal period had been top—droagsed with 2 cwt, of

sulphate of armonia per acre on three occasions during the early spring period.

The cows were given a fresh break of grass evaxry 12 hours, the size of the
brezk being adqjusted to ensurce that the wvoluntary intakes of the cows were not

restricted. The Ruanui ryograse pastures were grazed et a height of 6 - 8 inches,

Casein supplements: The casein supplemeonts used wore from the same matericl that
wag described and used in the previous in vitro and in vivo exporiments (see

sectians 10.3, 10.4, ond 10.5),
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Fig.ll.1 Average daily milk yields and milk compositions
from groups of twins grazing Ruanui ryegrass
pastures supplemented with casein (© ), and
"formalin treated" casein (&). (Control,e ).
(First two samples, mixed pasture feeding.



TABLB 11.1 The yield and campositian of the nilk from cows given supplements
(0.5 1b. twice daily) of formmlin-treoatod cagein and ardinary
casein : adjusted treatment means,

Trosted casein (TC)  Casoin (C)  Camtrol (Ct) | hiopisicant
P<O0,06
Milk yield (1b./cow/day) 28.8 20.1 28.4 -
Fat % 5.40 6.48 8.38 -
Fat yield (1b./cow/day) 1.57 1.68 1.57 -
Protein % 4.15 4.08 4,00 Te>Ct
Protoin yield (1lb,/cow/day) 1.18 1.19 1.19 -
Lactose % 5,28 56.28 5,22 -
Lactose yield (1b./cow/day) 1.50 1.94 1.54 -
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11,22  Sampling ond analytical methods,

Ierbage: Representative pasturc samples were taokhen fran tho five Ruanui
ryegrass pastures used in the exporiment, Freeze-dried gonples were analysed
for crude protein, ether extract and soluble sugar contonts, as described in

2.4 and 2,5.

Milk: Milk yields wore peasured at individual milkings from the Sundey evening
ndliking until the Friday sorning milking durlng cach of the four weeks of the
exporipent, Carmmpogite doily samples of milk fran each cow were an:lysed for
fat, protein anad lactose percentage, using I.R.E, A, Thege éata were analysed

in covarilonce analyses as described previously (3.24),

IS RESULTS

10,31 Chomical composition of the pastures.

The mean crwule protein content of the Rnanui ryegrass pastures was
19.6 (£ 1.3, S.E.), the ether axtract content 4.8 (4 0.10), crude fibre cantent

20.% (£ 2.1), =nd soluble sugar content 12.8 (& 0.63),

10.32 Hilk yield and composition.
The oean data for milk yleld and composition are prosentced in
Figure 11.1 and the nean valuos for treatment groups, after adjustment by

covariance for preliminnry period differences, are given in Tablo 11.1.

The yield of milk fram the cows in the three groups wos roduced following
the change to pure ryegrass feeding and there were no difforences botween the

oean values for the three treatment groups. Hilk camposition with the
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exception of protein percentages wes also similzr for 21l treatments. The
protein percontago of the control group was reduced by about 0,1% (see Figuro 11.1)
following the chango to Ruanui ryegruss feeding, the protein percantage of the
milkk frap the cows vhich received ordinary casein remained unnltered, and the
value for the cows vhich roceived trected casoin wos slightly higher during the
experinontal peoriod, The difference botween the protein percentages for the
treatad cnsein anxd control groups was statistically gignificant (P<0,08). The
respansc to treated casein varied cansiderably between individial cows within

tho trecatpent group and ronged from a szmll pegative effect (-0,00%) to a large

positive effact (+ 0.273).

11.4 DISCUSSICN

Bvidenca for the effectiveness of the formmlin treatnont of the casein
wag presented and discussed in the previous chapter and it was comcluded that
the trented casein provided the animel with an additional supply of protein in

caomparison to the ordinary casscin suppleoment,

Evidenco wns obtained in this experiment from the treated casein v. control
comparison thet the amxmt of protein reaching the abamesun and intestine mey
affect nil: protein parcemtage. However, the effect wos sinll and clear proof
thet high nitrogen pastures may locad to &8 low protoin percontage in milk (because
of inefficient use of dietary protein) was not obtained, as the protein percentage
from the control group of cows wns not greatly reduced following the change to
Ruamii ryegross feeding and the difference between the rilk protein percmntages from
the treated casein and ordinary casein groups did not reach statistical significance,

The inor nsture of the chenge in protein percantage following administration of
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treated casein is emphasized whon 1t is considered thet 450 g, of protein

wis given per day to cows ylelding approximately 830 g. of protein in the
nilk, This comparison suggested that the total amoumt of protein absorbed,
or the amount of a specific essenticl amino acid was not the mejor limiting
factor to a higher milk protein production. Cn the other hand the variantion
in respaonses obtained from different cows indicated tivet differuvnces may occur
between cows in their ability to obtain sufficient protein (or a particuler
anino acid) to maximise nmilk protein synthesis, In this rogard it is of
intarest to recall the differences in tho proportion of distary nitrogen lost
via the urine by sheep of difforent breeds in Experiment 7 (9.3). Varying
respanses in nilk campositica (particularly protein contant) betwean animals,
to a given reduction in level of feeding,may possibly be accauntod for on similar
CTOUTHis .,

The experimant of Martin and Blaxter (1960) indicated that protein
administered via the dundamen provided about 40% more anargy thom vhen the sane
quantity was infused into tho rumen, Hance in the presont experinent tho cows
which received treated casein, were probably om g higher plane of nutrition than
the cows in the othor two groups. Although milk production was similar fram
all groups a higher energy intako may in itself be an alternative explanation for
the change in the milk protcin percantage of the treated casein group. If
indocd, a chamge in the level of feeding was tho cause of thoe change in protoin
percentage in the milk, it mist follow that protein porcantage is more sensitive
to the change, than is milk yield, This possibility was also sugnested to
account for the positive effect of starch (8.8) and the nepative effect of oil
(9.5) on milk protein percentsge, 1t is prabahly desirable, therefore, that
further work on the effect of small changes in level of feeding on the yield and

camposition of zilk from pestures be carried aut,
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11.5 SURMIARY AND CONCLUSIONS

The effect on the yield and composition of the milk of feeding cows
grazing Ruanul ryegress with ordinnry casein and formalin-treated casein (1 1b./

cow/day) was exanined,

The formalin-treated casein resulted in a s8lightly higher protein cantent
in the milk than thot from the ordinary casein aml a sipgnificantly highor (P 0.05)
cantent than in the milk fram tho nom=-supplemented group. There were no other
statistically significant difforences between the yieclds or the campositions of

the milk fram the throe groups of cows,

Clear proof that poor utilizatian of dietary protein wns responsible for the
low protein percentagoes in milk in the previous experiments (1, 2 and 3) was not
obt:ined in view of the nibor depression in protein percentage in the nilk from
the control cows following the change from mixed pasture to Rummi ryegrass feeding,
Rosults ¢id indicate, hovever, that the amount of protcin absorbed by the animsl
mey influence protein synthesis, at least to some extent or with some cows, The
mechanisn mey involve an alteration in the availability of one or more amino acids
or a change in the digestible energy intake of the animal, It was not possible
to differentinte bLetween these slternatives in thlis oxperiment, as the absorbed
protein may bLe used for protein synthesis or deaninnted and used s a source of
ensTqy . In this regard additional starch (as in Expariment G), while providing
cnergy, would also be expected to spare protein and hence hove the same affect as

additional absorbed protein.
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GIAPTER 12

GENERAL DISCUSSION

The indivicduszl experimmts undertakemn were in some respects indepsmndent
and hence have boon summarized and conclusioms mde at tho end of each
exporiment, In this chapter the relevant results and canclusions will be
integroted and discussed in respect to the original cbjectives cutlined in

the Introduction.

12.1 RYBGRASS VARIETIES AND KILK YIELD AND COMPOSITIGHN,

The camparison between the milk yield and campasition data obtained fram
the cows grazing two anmual varietios of ryegrass and Ruamul ryegrass (Chapter 3)
supported previcus results (Wilscn and lMeDowell, 1966) that diffarences between
ryegrass variotics may cantribute to variations in the yield and composition of
the milk, The anpual varieties supported a higher milk production than Ruanui
ryagr~£8 in both experiments, although the differances werc not statistically
significant, Two changes in milk camposition sssocinted with different
varieties were of particular interest., The first, was the ceaurrence of a lower
than narmel fat content in mlk from the cows grazing Vestern lfolths ryegrass
capared with those gr:zing Paroe ryegruss during the winter, and the second, a
lowvered solids-not-=fat percentage (protein znd 1lactose) in the milk from the
cors grazing Runnul ryegress cogpared with both annual varieties during the spring
experiment, BDoth these ehanges in milk camposition wero indopemiamt of
cancurrent alterations in milk yield., The possible mochenisms which mey be
involved in bringing about these changes in the yleld and camposition of the milk

are discussed in 12,3 and 12.4.
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12,2 STAGE OF (ROVTH AND MIIK YILLD AND COMPOSITION,

In the two exporiments in widch the effect of stage of grovth on milk
production was exarined, the short Ruamul pasture supported a higher milk yield
than the longer and porc mature pasture. Tbe result wags consigtont with the
well kmown reduction in tho digestible enorgy value of pastures with incrensing
naturity (1.2), The 1intake of the short pasture would also be expected to be
higher than that for the meture pasture if the results of 3lexter, Vaimman and
t41lson (1961) apply to the fceding of fresh pastures. The changes in milk
camposition obtained, with anc noteable exception, werce also consistent with the
suggestian that the digoestible energy intakes of the cows grazing the short

pasturce werc higher than thoso grazing the more msture growth,

The oxception mentioned above, was tho significantly (P< 0.01) lower
solids-not=fat percentage in the milk produced by the cows grezing the short
Ruanui ryegrass in tho first of the two experirents, This result wvas of
perticular intorest and importance because high, rathor then low, solids-not-fat
percentages in nilk are norbmally associated with high quality pastures. Several
sitbsequent experiments (scc 12.4) were designed specifically to explain this

unoxpected result,

2.3 PROCESSES CORCERNGD IN 1L PRODUCTION OF MILK CONTAINING A

LOW FAT PBaCENTAGE,

Tho lowered tuittorfzt percentage in the milk from the cows grazing VWestern
Wolths ryegrass during the wintor, was assoclated with o decroased proportion of
acetic acid anc¢ an increasced proportion of propionic acid in the samples of rumen
liquor taken from the cows grazing this ryegrass. Theso changes in the rolar

proportions of volatile fatty acids, probably adequately exploined the change in
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fat percantage in view of the rosults from mummrous experiments in which
reductions in the fat content of milk have been obtained when cows were fed
diets low in roughage amd high in starchy cancentrates, Such rations hawve
been shown to result in low acetic acid and high propionic acid proportions

in the rumen (e.g. Baleh, Balch, Dartlett, Bartrum, Johnoon and Turper, 1955),
The change in the ratio of the scetic to propianic acids in the current
cxperinent was alco adecquately aceounted for by the differonces betwecn the

e grasses in carbohiydrate carpasition, The ratio of roadily available
carboliyérotes to the cantent of crude fibre was cansciderably higher for Vestern

V'olths than for Paros ryegrass (1.82 v. 1,52),

The possible biochomical pathways involved in the alteration in fat
percantage following changes in the molar proportions of acetic and propionic
acids were not investigoted in this study, but they have boen discussed by

Van Soest in a recent revievw (Van Soest, 19G3).

12.4 LOV SOLIDS-NCT-FAT PERCENTAGBS ASSOCIATED WVITH RUANUI RYEGRASS

The possible reason for tho occurrance of 1o solids-not-fat percentages
in milk wvhen cows grazo Ruamhi ryegrass was investigeted in a mumber of experiments.
The separate mpasurencnt of the protein contemnt, or protein and lactose contents
in pilk, rather than solids-not=-fat content, indicated that a change in protein
generally accaunted for cansiderably more than half of the observed change in
solids-pot-fat content. For this reasan the exporirents undertzken were nainly

oricntated towards investigating chenges in milk protein cantent,

The initial experiments (1 and 2), in which the changes in solids-not-fat
percentages were derunstrated, provided some inform:tion on the cheriical

capasition of the Ruanuil ryegress and also the characteristics of the coss at
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the time, The pastures were high in crude protein and ether extract end

low in nitrogen-froe extract. The other consistent offcect observed was that
the reduction in solids-pot-fot percentage was associated with, but nct entirely
due to, a reduction in planc of mutrition as indicated by c lovered milk yield

(seo 4.4).

Dxperiment 3 (Chapter 5), which involved the comparison of Ruanul ryegross
pastures which had receivoed high and low leovels of nitrogenocus fertilizer,
confirmed all of the above points and furthsrmore provided cvidence which
probohly eliminated the possibility that the pan-protein nitrogoen content or
the slkaloid content of the pastures was directly responsible for the observed
effoct, A mjor shift in tho relative proportians of tho indivieual volatile
fatty acids in rumen licuor was also ruled cut as a poosible reasan for the
changes in solids-not-fat percentage in milk, Subsequent exporiments were
directed townrds examining the possibility that the effect resulted from poor
utilizntion of dietary protoin in the rumen, ihan high axd low nitrogen Ruanui
ryegrasaes were fed to youn: growing sheep (Chapter G) the dietary nitrogen in
the high nitrogen grecs wos used less efficiently than thet ir the low nitrogen
pasture, but the abeolute lewcl of nitrogen retention was larpoly determinsd by
dry notter intake and was mot restricted by poor utilizeption of digestt ble
protein, Becauso protein roquircments for milk production aro considerably
larger than those for the synthesis of body protein it was considered that

further experincnts were varranted,

An atternpt was then nnde to incremsse the utilization of dietary protein by
adding additianel starch (Chapters 7 and 8) and protein (Chopters 10 and 11).
Fram tho results in Dxperiment G (Chapter 8) it wag clear thot tho added starch,

which would be expeated to increase the utilization of dletary protein in the
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rumen (llond and thurdock, 19G5) had a favourable effect an rdlk protein
percentege, Direct evidonce to suggoest that the mochanism of action of starch
was to improve the utilization of dietary protein was limited, however, to the
finding of 2 low cmonia concantratian in the rumen liquor obtaoined fron one
masabeyry of & fistulated pair of twvins which roceived starch compared with its

pnate which received no suppleorent (Table 8.3).

Tho demomnstration that supplamentary protein, treated so that it was
resinstant to degradatice in the ruman but still available for digestian in the
abomasun and intestines, resulted in an increase in nilk protoin content
(Table 11.1) supported the hypotlesis that lov protein percentages in mlk may
be caused, at 1least in part, by poar utilization of the digestible protein
intake of cows grazing Ruanuil ryegrass. Vhether this offoct (and the positive
effect from starch) resulted from the amount of protein absorbed, or from the

enerygy contained in the supplemant, could not be detarmined in these experirents.

It may be cancluded that no single factor was shown to bo responsible for
the lov protein percentage in the wilk produced from cowrs grazing Ruanui ryegraoss.
This nay bave been due to the fact that the change in solids~not=fat porcentsge
could not be replicatod in ell expsximents and, therefore, supplamentary fecds
were not given the best opportunity of reversing the change in milk camposition,
Alternatively, in view of the range of effects daxmmtrated in this study
(positive effects on milk protein from starch and protein, and megative from oil)
it is probably reasannble to postulate that tho variable roesults cbtained from
the Ruamui ryegross pastures werc due to a number of factors associated with
high nitrogen pastures wvhich caobinsd together to give larpe effocts in eone
cases, and snmaller effects in others, Interactions between the various compaments
of the rycgrass (carbohydrate, fat and protein) which werc not examined to amy

extent in this study may, thorefore, be of considerable importance.
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12.5 TIB RELATION&HIP BETWEEN THE CHEMICAL CQRPOSITICN

OF PASTURE AND MILX PRODUCTION,

Tho data from the camporisons of three waristices of ryegrass, and Ruanui
ryograss at two stages of growth anxd two nitrogan levels, provided the opportunity
to loak for general relationships between plant composition and the yleld and
compositian of milk which may be of value to plant breeders in deciding selection

objectives wvhen endoavouring to improve the mutritive value of pasture plants,

Becouse of the axtremo @iffi culty involved in altering the cancentration of
a singlc specific campanent of ryegrass, experiments involving supplementary
foeding (starch, protein and oil) were undertaken and these data also provide
sore information relating to optimum plant composition for milk produection, provided
th:t the supplements uscd arc assumed to have sirdlar effects to those which

would be obtained if the supplomont was an integral part of the plant material,

The rel tionship betwveen plant camposition and milk production will be
exnoined separatoly for milk, fat, and protein production, as the optimm plant

caposition proboebly differs aecarding to the type of production required.

Milk yield: The anly component of pasture which was shown to be cansistently
related to milk yleld wea that of crude fibre. Within all the experiments
undertaken mlk yield was inversely related to the crude fibre cantent of the
pasturc grazed (soo Figurc 12.1). This relatianship 18 probably adequately
axzplained by tho fact that, for feedstufis of a similar type (e.g. ryegrasses),
the orgenic matter digostibility is normally inversely related to the crude
fibro content of the forage (Raymond et al., 1960). This wes canfirmed in this

study in nll experimonts in which bhoth variables were measured (Experiments 1 and 3).

A low content of crude fibre in pasture 18 therefore required to provide a pasture
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of high digestibility, which may also in turn lead to high intakes (Blaxter,

Vainman ond WVilson, 1961) amd therefore high milk yields.

While it may be trus that ryegrass pastures with low crude fibre contents
are to be preferred for milk production, pastures of this type mmy De associated
with bealth problems in dairy eattle as evidenced by thc occurrence of gruss
tetany in Experiment 1, Two other problems associeted with grass containing
very low levels of structural carbohydrates may be of impartance, Firstly. the
dry matter cantont of the posture, which is normally positively related to the
crude fihre content, may be too low to enabls the cow to satisfy its roauirenmmts
for anexyy, within the 1limits of appetite. Secamdly, rations with a low content
of structurzl carbohydrates may lead to rumen dysfunction (Trenerc and Merrill,

1967) and losscs of production.

Fat yield: Fat production was closely related to milk production (see Experimmnts
1, 2 and 3) and therofore also inversely related to the crude fibre cantent of
pastures. For fat productian, howvever, the lewvel of soluble sugsrs was also
important a8 evidanced by the difference betweem VWectern Wolths and Paroa
ryegrasses8 in Izperiment 1, both of which had fairly similar contents of crude
fibre,. The ratio of solublo sugars to crude fibre in tho cese of Western Wolths
wag 1,82 caparad with 1,52 for Paroa ryegruss. It mght be expected that
paximm fat yields will be obteined under comxiitions where the proportion of
structural cerbohydrates is as low as possible without affecting fat percentage
by altering the proportions of individual wolatile fatty acids produced, Fat
percentage was reduced when the molar proportion of propionic acid recched

22.8% and this carresponded to a soluble sugar/crude fibro ratio of 1.82.
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Milk fat production was increased by peamit oil suppleronts, the lewel
given (440 ml.) being acquivalant to changing the ether oxtract of the pasture
froo sbout @ to between 9 and 10% in the two experimemts, thile theseo
experiments with ane level and type of oil do not provide canclusive proof of
tho impartance of the 1lipid content of pastures, it should be noted that in
severnl experinments (2A and 2B) the fat poercentage of nilk was ocorrelated with
level of other extract in the pastures when it would have beon moro reasanable
to expoct fat parcemtage to be inversely related to milk yisld, Further work

to determine the optimm lovel of 1lipid in pastures seen warrzntoed,

Protein yield: Protoin yield was gensrally positively related to milk yield
(Experimonts 1 and 28B) but as discussed previcualy the protein percentage of the
milk was not always positively related to milk yield, st lemst for Ruanui
ryegrass, A8 high a ratio as possible of soluble carbohydrates to cxuds fibre
in pasture would, on the evidence from this study, be experted to maximize milk
yields and protein cantonts in mdlk, This conclusion was indicated frum the
variety camparisans (Experimant 1) and was endarssd by the exporiments in which
starch supplanents werc fed (Chapters 7 and 8)., There is, however, prubably

a limit to the extent to which the cxude fibre content of the ration coald be

reduced vhile still maintaining healthy animols (see previcusly).

With respect to the protoin ocantent of the pastures, it wes clear that the
lesvels werc genaxnlly high, rathor than too low, anxd that the real problem lies
in hov to irprove the utiliamtion of the protein present, Again a relatively
high level of ecluble carbtmhydrates in pasture should be beneficial (Chapter 8).



It seams reasoncble to assume that thore is an optimm 1lipid content
for pasturcs to maxinmize milk proteoln synthesis sinco very low lovols may
result in poor utilization of dictary carbohydrate (sec 9,1) but that
high levels may roduce the digestibility of the carbohiydrato and protein

anpanants of pasture or even reduce voluntary intakes (Chapter 9),
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A copy of 2ll the analyses cerried ocut for this Thesis has been lodged

with the Deiry Husbandry Department. An examplc of cach type of anclyses

APPENDICES

used 1is. howeover, included in this section.

2.1

N.S.
P<0.05
P<O0,01

8.E.

M.8.

LIST OF APPENDICES

Total soluble sugar cantent of two ryegyass swards soaspled
tvico daily on threc cansecutive days.

Analysis of covariasnce and test of significance of adjusted
treatment means, M1k yields adjusted for differences in
milk yields during the preliminary period (winter experiment).

Analysis of varisnce for molar proportions of propionic acid
in rumen liquor of individusl cows during the winter experiment,

Orpanic matter digestibilitics (in vitro) of three rycgrasses.
Original data for Cxperiment 4 (Chapter G).

Analysis of regressian of rumen liquor ammonian concantration an
volatile fatty acid cmcentration end test of significance of
differencoes betweon regresseions within treatment groups.

THE CONVENTIONAL ABBROVIATIONS USED IN THE TEXT

Results not statistically significant at the 3% level.
Results statistically aignificant at the 5% lovel.
Results statistically significant at the 1% level.
The variance ratic for specified canditicms,

Standard exrrar of the mean,

Regreasian eoefficient.

Dogrees of frevdom,

Sums of squares.

Mean square,

130.



APPENDIX 2.1

Total soluble sugar content of two ryegrass esvwards
sampled twice doily on three consecutive days.

I Fresh samples [ Freeze—dried samples '
| Timo of sampling %a.m, Sp.m. | 9a.m, 3p.m.
!
 Long Ruanui ryegrass |
26,9.65 1G6.5 18.4 16.6 17.8
12.0 16,9 16.0 17.0
27.9.6G5 1G6.5 16,7 14.6 15.5
13.0 15,9 14.8 16.5
28,9.065 14.9 18.0 15.8 17.6
15.9 17.0 15.9 17.6
Mean 14.8 17.1 | 15.6 16.3
S.E. 1.90 0.91 0.76 0.88
Short Ruanui ryegrass
26.9.G5 15.0 16,0 14.1 15.8
12.8 18.0 13.9 15.8
27.9.65 11,9 15.2 13.6 14.8
: 14.1 15.2 18,2 15.8
28.9.65 14.2 14.2 14.9 16.2
15.6 18.8 14.1 17.0
Kean 13.9 16,2 | 14.0 15.9
|
S.E. .57 1.79 0.57 0.71




APPENDIX 3.1

Analysis of cowvariance and test of significance of adjusted

troatoent noans,

Milk yields adjusted for differcnces in

milk yields during the preliminary period (Vinter cxperiment),

Errors of estionte Faﬁgtio
2 -
__Source af Sx Sxy Sy 88 af _MS | Signif,
Total 16 820,047 | 792,241 | 1133,943 369.128| 15
Treatuents 2 38,356 | 1G.310 85.628
Error 14 781.291 | 775.925 | 1048.315 277.719| 13| 21.36 2.14
01.400| 2| 45.70 | N.S.
Average within treatment group regression coefficient = %‘%’% 0.99
AdJjusted treatment group moans
Testern Tiolths 35.32 + (2.37 x 0.99) = 37.069
Paroa 30.01 - (1.12 x 0.99) = 37.89
Ruanui 33,80 - (1.25 x 0.99) = 32,55

Analysis of error variance (Regressian of milk yield during

experimentel period an milk yield drring preliminary period).

Source ar SS MS F Ratio Signif,
Totel 14 1048.3158
Due to regrussion 1 770,596 770.596 35.9 P<O0, 1
Error 13 277.719 21.38




APPENDIX 3.2

Analysis of variance for molar proportions of propionic aecid
in rumen liciar of individual cowvs during the winter expericent.

Source dag 8s BS F Signif,
Total 11 G0.01

Treatoncats 2 42.61 21.30 12.40 P<0.05
Error o 17.40

Cows : Troeatmonts| 3 5.15 1,72 0.84 11.85.
Within cous (] 12,25 2.04

Duncan's multiple range test to determine which Deans differ
significantly.

S.B.

For

= 0.29

5% level of significanco the

shortest significant range 148 :- 0.29 x 4.5 (From Duncan's tables) = 1,31

Ruenni ryegrass Vestern Violths ryegrass

18,28 22,88

4.60

That 1is all differences botwvean the means warc significant (P<0,05).



APPERDIX 3.3

Organic matter digestibilities (in vitro) of three ryegrasses.

A small additive correction was mede to the in vitro digestibllities on the
basis of the difference betweaen the in vitro vealue on the standaxd grass and
its kmown in vivo value (G92,20),

VWinter experiment
Standord grass Vestern Volths Paroa Ruami
70.40 85,14 81.08 83.45
71.91 84,90 81,79 83.33
71.51 84.42 82.906 82,38
71.80 84.42 83.08 81.78
Yean 71.40 84.72 82.38 82.74
Corracted mean 85.20 82,52 80.18 80.54
8 riment
Standard grags Vestern Yolths Paroa Ruapui
70,01 73.13 70,32 70.13
G0.61 71.60 71,92 71,98
8a8.10 73.45 G9o,.64 70.01
G9.806 68.53 71.02 68,40
tean 69,37 71.70 70.064 70.14

Corrected tiean 89.20 71.53 70.47 68,87



APPEMDIX 6.1

Original data far Experiment 4 (Chapter G).

Troatoent High Nitrogen Low Nitrogen |
Sheep 1 2 3 4 5 6 |
Feed
Dry matter intake (g./day) | 693.9 547.8 496.1 [G98.7 500,0 GO01.0
Nitrogen coatent (%) 3.27 1.90
N intake/day (g.) 22.69 17.91 16.22 | 13.27 9.50 11.42
Faeces

Dry matter output (g./day) | 218.8 166,85 151.,2 |251.1 161.4 220.3

N output/day (g.) 5.95 4,68 4,32 4.72 3.28 4,58

|
|
Nitrogen cantont (%) 272 2.7 2.86| 1.88 2.8 2.08
|
|
|

Urine |
N output/day (g.) | 15.18 12.32 11.80 | 7.30 5.37 5.89
Nitrogen balance (g./day) 41,56 +0.04 40,60 | +41.26 40,85 40,95
N digestibility coef.(%) | 73.8 74.0 73.4 | 64.4 G5.5 59,9
Treatment moan | 73.7 3.3
D.M. digestibllity coef.(%)  ©8,5 69,6 0.5 | 64.1 67.7 G3.3
Treatoent mean G9.2 G65.0
N balance/N intake (%) 6.88 5.24 3,70 90432 8,05 8.32
Urinary K/X intake (%) 66.9 ©68.8 69,7 | 55.0 506 51.6
Urinary N/Digestiblo N(%) 90.7 ©92.9 950 | 8.4 86,3 86.1
Treatnant mean | 93.9 85.9
Body weight of animals (n:.)i 65.5 61,5 §5.0 | 72.0 60,0 59.0




APPENDIX 8.1

Analysis of rogrossion of rumen liquor ammonic concentration on
volatile fatty acid camcentration and test of significance of

differences betwoen regressions within trectment groups.

Ssx 212.50 Ssy = 8548.41 SPxy 805.81
b = 4.21 r = 0.52 (P<0.01)
¥y = 35.3 x = 12.9
Test of significonce of b
| 1
Source | daf 85 Ms F Signif,
{ Total | 47 8548, 01
l Lin.Reg. 1 3774.760 3774.76 36.4 P<0.,01
i |
iError | 46 4773.85 103,78

Test of significance of differences between rogressions within treatment groups.

group regressians

2 2 Errors of Rstimate| F Ratio
[2d
Source af | Sx Sxy 8y P ag
Starch 15 | 90.20 (394.74 | 3060,11 | 1332,G2 | 14
Caontrol 15| 67.92 |308.83 | 2784.656| 1380.41 | 14
011 15 | 30,42 |206,00 | 268G.12| 1274,G83 | 14
Deviations froo average
regrossion (S+C+0) 45 | 188,54(908,57 | 8800,88 | 4122,49 | 44
Deviations franm
individual regroasians 3087.60 | 42 | 94.94 1.41
Differences between
individual treatment 134,83 | 2| 67.41 N.S8.
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