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1. 

�f1c1Emt l1ves�ock prod1etlc:e bl depcmd&nt co. the � feeding, 

breedl!lg and general managoment o£ 1.1wstoek. In New Zeal;::u)(l a successtul 

nutrlt ioDal policy depends largely (ll\ manlpulat1m of tm pnstums b1.eh provide 

the basic feeds�ta. lll;)roved pe.stlu'es consist of mixtures of dUferent 

spee:lea and varieties, with 1")'egrasses too c:b1ld.nant graoses, and lIhite eloYor 

the main legume to provide f� nitZ'qJOn f1zatlm 1n add1t1cm to Us 

eootl'1butlco to the food SUPP�. Tbo studies reportod bore wore ccmcem.ed 

with tbG nutr�tlve value of d11tereot varlet:Ses of ryegrasa beeauBe tbay 

pJ'Obabl,y make a greater ccartrSbutlcm to tbe tood supp-Ues of cattle CD higher 

pZOdueing farms than any otbmt species. 

Nutritive vnlue is Q ger:aeyal te'l'm and in requiring our pastures to be of 

good nutrUt value demand the pzoesence of sufficient eDOI"l'tV.prodUc1ng 
ueces ary tor animal health and high productlm. In add1ticm Q teeds� 

sJxJuld be ftee � poteatiall¥ toxic substances or � tbnt nny be detrf.mlm-tal to the t1Da1 p1l'Oduc't. 

Altbougb thBGe attnbu 

.cn!l!lnft, or <:4 CloviBiDg Jretbods 01" lndices which too plant broeclem cauld us as 

B basis. at se ctial. To date tho has ecatlnuad to select ln� 

for � characwrlst1es whleb taelude total PI'OduCtivlt.y, soasonal 

diBtrltmtimof 11914, ODd pers1stfllDlD.Y. 

Wh116 taboUe disOl'der8 and 1d.Dera1 aDd ntam1n detlc1eDc1eS .UIportaat factors aft t1n8 dail'y ttla pJ'QC!Qct!cD., tlle amount (d' Plstur 

teD by the animal aDd the tttcieDoy nth wbl·eb it obtaiDs lts rgy  and �em roquUemeDts fftD the material 1Dge8ted win mainl¥ detOftD1D8 the 



measuring the intake of ant..mals and the �'ficleocy of ut1.USatkG o'f 

pastures ted tndoo-l'S, but techD1ques with tbG �ry BCC!Ul'&ey have ·not 

been deVeleped suttlC'lently to eoable s1m1lar asurements to be applied 

to tbG lnetat1Dg cow �iDg pasture. 

For tMs J'9S.SOIl It seems best to use dalr.v eDlI prodUeticm., under 

of the nutritive value of pasture and to accept that variation JlIOOSUl."eCl rm.y 

be due to oither ciiff'erances in palatab1Uty or dUterences in �ltlC11l 

2. 

of pasture, or to both. Although a ciirect �&UUre 01 i.ntake is DOt obtn1nsd 

lay 1q>artant 

fall 1n nutrient intake 18 ry l� to causo a fall in milk yield. 

The dUferf.'Jllt varieties of ryep-ass used in this stu� have dUi' l"9Dt 

yield potentials, ssasoasl growth pattel"DS, aI1d pb)rsiml and ehem1eal 

ebaraeter1st1cs (Buela,y and Vartba, 1966) so tbat It 18 dlfflcuJ;t to � 

ta . 

o "Gras lands Kuanul" a1 ryograso I:; 141199 J!!t!l!l@ var. "Or slands 
Ruanu1"; "GraSS1aDds Ariki" 17<3P . = (Lelle !!1ltUlgr+!! • e!'QDDO) 'ftr. 
"Grasslands AJ1Jd."; "Gt'asslnnds aft as (Gbor JIOta-tloD) = 

(IQUt1r.1 !!:!lltlfl!!pp lit I!!PJ!!!!) yare "Qrassla1KJs ff; "GrasslaDda P roan 

r,eg'l"8SS (I-taUan) = (IQUwg mul.t1tlo!!e) ftr. "GrasslandtJ Paroo,"; 

"GrasslaDds 4?Cf1" tetraploid t ,  .011:_ ",epaas . 
Througbout th1s Tbes1s t 

Ar1k1, 
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s. 

ObjGCtives of the Sty.clY 

This study of SCIiI) aspects CIf the nutritive value of ryagrnsses had 

the f'olloring objectives. 

(1) To assess the extent to which milk yield and c::ompooltian ony be 1nfiuenced 

by wi.th1n and botwoen variety dUfol"eDCeS in tile !yeg1'"BGooa. Tbase raD-ults 

should assist in ae.coont1ng for oome of tho var1at1tms in milk yiald and 

ccqlOBlt1a1 observed in the field. 

(2) To attempt to discover the meeban1smB involved in producing the observed 

d1i'terences in mUk yield and �t.tiCD. SUch studios Ghc:luld add to existing knowledge rto,1nmg to the formatic:m of milk soUda and factors affecting 
those processes . 

(3) To attoopt to def1De possible meaningful general l�olat1alships between 

tho ehemieal cooposit1al of ryegrasses and the yield aDd ecq>os1t1cm o� I!11lk 

produced by OCJ\78 grazing tho J:yegl'asaGS . SUch geoersl rolnt1oDsb1ps coold be of 

value to plant breeders in deciding se1ect1an obJeetlvos whon e� to 

iq)sow the nutritive value at pastura plants. 
'I"h1"eo �et1es of ryegrass have bean COEIPared by tho author befOl'8 the 

tborsJ.s uork started (see sectlco 1.1), and the first two �rlments (Chapters 3 

and 4) to be described were dos1gDed to extencl t-.e previous �igaticas. 

The object of the f1rstEDpOl'imant (Chapter 3) to extend tho range of 

ryegrasses ezam1noc1 to two aJ1D]al var1&tSos. a.Di the S0CGIld (Cbc.pter 4) to assess 
the � cd vllriaticm& in RuBDli qvgI1I.SS wUh s� at grcath. 

SUbseQU.eD't ehBptGJ'S each deGer1be tails of Q separate expGI'imaftt, 01' group 

ot rtmeDts. plcmnod to test b;ypotbeses II8de tcllot11ng too oaI''1101' exper1IaImts. 
To tae1Utate the mtel"-relat1ng � the large mJlDboy c4 oxperiJults tmdertalulo a 

flow diagram (Figuro 1.1) .is p;l"CIIIri.dec to lDdieate the logical pzop sloo f:4 

ap&I'UJents. 
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NU'rRITI'W VALUE OF R'i'E'mASSES, AND Ntfl"RITIQ\fAL 

FACralB Al''FI'.CtlNG laue nBLO AND <XmlOBrrICfi 

4. 

PriOr to the CCDDrmeemGlD.'t -of tho p:resont study too au1:ho:r in eollabol'at101l with Dr F .H. McDowall � the Dairy Resoareh Imtitute � 

three � t1 � ( , , Arik1 and RuaDl11.) as teeds for lactatms dalry catt� ( lsar1 aDd Mc:DoI1ral1, 1900). TIle tbJ.'oo �1'J(')9 � in puI'O 

swaJI'ds ted to SZUJPS '� �ga1S twin catt in a series 01 �ts carried cut during the spring amtutuaD gJ'OWlDg pel"1ods. 'During tbe GpriDg 
pOr1ods the JlBan mUk y»ld p1:'Qduead by tile tUfferart gl'CllpS. in dDcIeas1»g <m!er :  > Arilll > RuI.um1 (P < o. OJ. ) . 'tbe butterfat aDd SO'Uds.-not-fat 

yields hom t tbne poups S'UI1Ied SA 0I"00r 111: yields btlt 

d14 net 41ft ignlftcanU,. • lmmrts tbe CXNS ptaztDg 

Ruanul ryegnsa pl!'Odualed bigbGr ,a and w't y»1dG than t; CD tbe 
Arild ryegrass (P< 0.01). 'l'hls dift wasccms-� to be assoc1ated with 

"J."ho mJor det1e1aDcy iDl1eJ'eftt 10 the use of anlJtI:ll outplt critorlon 

tor eva1uatiDg pasturos, Sa that '* 1daD pzov14eG J'OQGQDB tor tl» d1t!a'reDceB pastureG To f'ecJlJ.tllte tho t 

of c4 UIe Vlhidl cartrl1lu.t'e t , DUtci.Uvo lte the � ted iadDom to six lac-t tiPS la, nth t'tstullm, ill furtb&J' 

�t (WU8cD, 1966i ) .  IJl thSa t. the apparent tlbUtt)-

td tho t t& tUue ualts hieh than tbd C'IIl tile CIt two"arieU. No a1gD1fieaat dUt&'I'eDCaG ' fomId betllCM'b tbo 

total COIlCaltratlG11 of 9Ola1:1l0 fat"':v acids 01' tho raelar p:rq;JOri.icmS of acetic, 



propion1e and butyJ!':1e acidS 1n the wmal l1<P01" tUen troo too eowa ted 

the dU'fere:nt ryegra:sses. It was concluded, tbel:'el'0N:, tIm.t wb1le � 

$. 

d1ft8ftillCeS 1n d1geet1bUlty ot' tbe �sses ¥ have contributed to too 
Obsenod differences in m:Uk praluet1cD til the gl'i\Ztng �t. voluntary 

111 tbo two pI'GV1ouG a:tudiea was tbat the Maul_ samples eantainBd a lo_r OiCI:l"tEmt of 

cm.tde !'1bre th$n tbEtr tile Ar1k1 or Ruaaol 89q):t.es. Th:ls ;finding was in 

aml'Gel!!llmlt ws. tb the I'CGUlt-s at Bai.le,y (196a), who tcamd tbat !laDnwa ryegrass 

bad a CODSistentq 1 r eollulose con-tent tban Ruanu� r:yea:rass. 

It may be CODCluded tbat �OftlaticD em the nutritive value olryograse 

varieties t01' mllk product1aD appears to be llmlted to that fl'Olll <me study 
carried out at Uaasoy t1D1vora1ty. Uorwev .. , the Zeal.an<J varieties of 
zoyegrass bave also baeD asseesad as teeds t. SDI"", (sao 1.3), ODd the enezu:y values 01! 1 EIJgl.ish war rt detend.Decl ( 1.2) • 

1 . 2 '1'1lE Nt1l'RlT1VE VALUE OF RYE<J\ASS IN TERMS OF ENmOY 

Because the IlUtritlc:mal lpUleauae of .. atgOlUC matter of herbII.ge Uas larg.1y in the ezt.eat to tdd.eh 1t CCIIJtl'ibuteG to the fttCll1be t8 

.� the au1ma1, pJ'CJV1ouB rilllmts daeigDed to as tlIe eoerg,v valuo � 
Tba . 

'. and to Gel' � 1011818 til the UftDa. ha.De, aDd 88 beat. 

&:l'O iq)Ortan"t factol's wblc:h Snflu the Det ergy value 0': a beI'OOge. 



6. 

The· d1Uerences bet:ecan bi..t"bageB in tbe tr net emrgy vnl'l."eS are normal.l;y due to var:1nb10 faecal losses, hence the usofulnass o.f d1geBtible 

energy as a tlD3SUr'e or feedi.ng value. P..rmst,1'OPg (1964) far example, stud1ed 

tro effect of stage o£ maturity an the energy value otl two r;vagrassas, 

cocksfoot. and timotbiY. 86 dGtermJDed 1n calorimetric axperiments. stage of 

maturi ty wi thin species was shown to have a far larger effeet than species 

dUferonces . For each species 1Dcz9aS1ng matuJ'ity rooultad in hiahl;y 

significant increases 1n the losses of e.ne.rgy in the faooes. Metabolizable 

eoera:v expressed as a poreentogo of digested enel'gy wss a.1maat ccmstant, 

indicating low variabiUty in the "urine plus I21Sthane" loaB<� . Tbe efficiency 

of utl11satial of IIDtabol1zab1e energy (l.e. 100 ... boat producticm) tor 

maintenance did not differ Significantly with st� of growth although values 

eoosistently declinod as plants need. For almoot all SpaCies the efftc1eDcy 

with which metabol1zable � � uaecJ tor fattenlnC decli.natl si.@llflcantl;y 

with increasing maturity. Results from ana� of the l"\lmIm 11(Jl0l" 1ndleated 

that the molar proporilCiIDS at the volatile tatty acida ro a�fected very little 

by leVel of � 1ng, and that real dU't reDCGS occurred in the proportlans of 

acids �ound in the 1'WI'JIm wben c11fte1"ont speeles of grass 17arG j • The propcrt1ce of acetic acSd in tile I'UIlDD Uquor lDcraasod a.e crass _tuna with 

small eanc::w:orent i'edueti.oas in the pJ'OPOrtl0n0 at propiOD1c ancl butyr1c aci.ds. 

TbDSe �tic:mG tilers tbere.tare tD smenl agzeemeot 91tb prav1aJ,s �ts, 

( trang, a1tlxtor QUi Grabam. 1957: Aft1B't�. Dlaxter, Grabam QIld U'a1nma.D, 

1958) uhich 1Dd1ca.ted that tho aolar propartla:1S � too klcllvldual volatlle 

fatty acida metabo1.isOd affect the etflC1ency witb • 1.cb they IU'e UBecl far 

prcductlw�. nbrcus dS.eta which prcduce II bigh proport1oD of 8C 1e 

!lcW to propi.an1c nc1d So the 1"WDIm, are used I_a �t1c:lently for tnt-ten1Qg 

thaD those which pl'Odnee 8 ];o.w proportialn. It ShcuJ4 be not , baN8V'er, that 

ncent crltic1ems of the results of .A.1:'mBtftID.(J (Sfrskov am Allan, 1966; Bull, JohnMn aDd Reid, 19G7) throw.SOIlIa doub. _ tho 16n1fiennce of SbDU 



differencee 1n volatile fatty acid proportions. AMit:1oual fnctar:s also app� 1n tbe oose of the lactsting COII1 as individual volotlle fatty. acids 

have a direct effect m milk �1tl<.1l (Wilsall, Ibvey CJld Dolby, 1967). 

The caaparison between the eIlBZ'8)' values of the two ryegrasses (S24 and 823) in the �t 01 AftISt1'OQg (1964) CNloot be consldEa'Gd 

ent1rely aat1afactoryas tb:l dried greases \'IlCI'e grown in t\-� successive 

sooaons rather thaD in the same seascm. However, tOO results 1nd1cated 

tbat d1ff'eronces til nutritive value bet\1le8Zl the ryegruoo V::lrJet:l.eS CIl a 

given date 1n the sp� would probobl;y' 1» acc:ountcd far by dttf� in 

the-1r s:tage of maturity aa'l beDoe d!ges'tlb11:1ty. In this � it is also 

worth not1Jlg that digestible energy values rlthin variotiee declt.Ded slaiv� 

with time up until ear ezlDrgence and theraafter declined rap1d�. 

T. 

Because of the di.ttieult1es 1m101vod ffW laborator1cs are able to measure 

� retent!al and bmee CCIDS14erable attent1m hoo been dl.reetod towaJods 

estabUshing thode at PftIdiet1Dg tbe energy luo of forages fraa tbe cOOm1cnl 

CflIlI>OGit1aD of tbe forage. The major1tJ of X!eSUlts relnte to tbe pred1ct1cm 0'1 di&estSb1l1ty end it has bean c:lenaJetm.ted th:1t a high �t:1ve eorrelntiQ1 

nonalq ex1Bts between the content or ertd fibre (ODd 11gn1n) and the 

d1gest1b11.1ty of ClII'gQIlic I!lattOI'. AmBtl'Ollg, Blaxtor and fla1to ( 1964) todt a 
further step by examn"ae tbo rola.t1oDshlp beti'Jellm the c!KR1cal constituents of toragos and thetr dSpst1ble, mftabo11zable, aud net cmorgy values. � 
sbowecl that the protem aoutcmt of fongeG sa poe1tivel¥, and crude fibre aad Uptn negat1vely relatGd to all the a1:Joge at energy value. 

Provided that 1210 appUcatloD cd ree:ross1aD qu,s.t:Lms bca.aed aD such CCIII'I'Olations 

18 restricted to the types of � fZ'GCl wtdcb the (KJ1stiob was deriYecl tbey 
r;m.y pNvldEt aaDIB 1acl1ctltlcc of rel t:lve IPltrlUve va1nos (Van Boast, 19(6). 

__ l'i.rI8tr1c �t.1cme. of tbe DOt eJleI'gy 'V'aluo at beJ'be.88G are the absolut meaBUJ"e at eue:rgy values pel' uD1t o1ght. the EDOIl'gy 1labJe 



8. 

to the animl w111 depend on the voluntsry 1utake og tile faeds� as 

l1lO11 00 too cU1eleucy of utllisatiCll � energy in tho feed. AG:01�1ng to Sln..�. Wa.1mJon and WUsal (1961) and B1a:xter aDd l'Tilaal (1002), the intnkes 

of dr:1ed for� o.ro positivoly related to their d:1gootlbll1t1os. If tbese 

results also apply to fresh foro;ges. and aeeepUng thnt tho results mD\V not 

appl¥ to for2geS of very lrlgh diaestibiUty (Hutton, 19G3; Conrad, Pratt and 

Hibbs, 19(4), Blaxter's results 1ndJ.cate that a difference in digeStible energy 

intake between trro forages will geJ»rall,y be greater tban that expected from the 

d1gestible energy cootents of the forages. In this rega.x"Cl 2. t is relevant to (Jlallty stlp0cts <:4 mttritlve value IU"e 

both maesured tGgetber 1.n tel'llS of mllk pftXlUct1on, provided that pasture 

avnl1,nbU1ty ut»S not l:lm1t 1nt 

1 . 3  RYEGRi\SS IN REI..P.TION TO 'mE PmFaU.ff.lCE OF � 

Ther'e have been n mmber of grazing axper1men.tG carr1ed out :In VhJ.ch the 

perf'OI.'maDCe of sheep CODS� grasses, c1ovez's, or grasses t�tbGr \"11th 

elmer, hn'Vo been eoq>ared (see Joyce, 1967: and I3tttlcr, Rae and Bailey, 1968). 

In n11 et"tper:lments l1veweigb't gains bave been much bigllol- (up to 35(J}t) from wbite 

claveI' than from pure ryeg:rasa SIIIIU'ds . These dUfeI'lOnccs have besn at't-r1bntod 

p3I'tly to a bigbM dSgest1bl.e 1Utelw o£ elDger ODd partly to a mare efficient 

utl1lBatlm of the cligestiblie energy ecmt.c.mt at elomr (3olms at a1., 1963; 

J� and Newth, 1967). "C}'ee and Hswth � tblt this lat1:et' ulfferenee 

mn.y have becm associated with �a in the proportions � indiVidual 

vo1atUe ratty aet.dtJ in tbe rumen Uquor of the tm1JInls .gro&1Dg the two t,pee 

of pastul'e, and becaUse be bad no data of bis own (JlOtad the data � Johns at ale 

(1963) to support this �ion. It most be pointed out, �. that the volatile �atty acSd data of J'dms It al. (1 SOO) VI8l'e obtained at the time a£ slaughter and thoy 1'0 used to ropresent the situati.al which applied over the 



whole of tho trea.� period frau 10 July 19$9 to? Seeoober 1900. 

There is 1n :t:,�t Uttle direct ev1denoe ava11ab� at Pl."eSoot to sh.al 

t.ha'tvolatlle tatty sci.d proportlalS praesnt in the 1"WOOZ'l of ::m:ma.1s � clover ODd � differ Gign1fScan'tly. 

L-ivaweiCbt galnD result.t.ng from Sheep grazing a nurnbor af 

Now Zaalomi ryegrnss varieties have alao been IOOasured in n tll.lmber Cit. esper±mlmts (Butler !5 al., 1908). In nany casea tho diUGf."G'DCOO vera 

9. 

not sign�1cnnt but 111 t!DGt tria.ls CCIIldueted be� Nov� and Juno, 

weight gams have boea in the to� ClI'der: Parora>Uaoown >A.rikt.>Ruanul. 

That is, the less persistent ryegrassee gave great rates of gain thaD tbe 

more perennial wrrt&t1es . Baney (1964) bas tceussed attel1t1on OIl the 

dUf'er0nces ill �d.ra.te coqlIQSltj.OIl between �eo and eonsWers 

tbat gains are im'C:nselw' relatoc1 to cellulose ea1tent because less fl.bJ:Gus pastures ws.ll be 1DQl"e quickly � doml 18 t1le 1."Wal. 'l"b.1s, he s:uggested 

al:t.c:Jm:G f.or a greatat. .. consumption of food and IlICB'8 eft.1eieDt 1l't1Usat1oa f1 

volatil0 tatty acids because of a. Jeduct1m in tho ratio at r.v:et1e 'to 

prop1c.n1c ooids in tile l'I.I:fl1IeO li(JlOl:'. Bailey (1961) �unatel\v, gave DO 

data GIl intake or Q'1 the �lans of volD.t1letat'ty ac"1ds pmeen't to 

ouppcrt his sugges�i<:GS. 

M11fcrd and Minson (1006) have eompued tho � rotentionB at 

grnztDg coc f'oot (S3'1) and no varlet1es of .� (823 and S24) at low gra.z!Jlg pzoossore. � tWCl:llll!)h'eet coo41t1cas. Uvo 1:a1ght gains In 

the � 823> S24 >837. Tbat ls, tbe late f'lDlYertag S23 wb1eb also· hB4 tlle hi� dtgGstU'>lUty (d1.ff, of 1.tJI uatts) 0D4 tho � acetic to propkInic acid ratio in tbe ftDlIen H.CJlO!I". was 1lUperUlr in at-p1!'Oduc1Dg abUiW. 



It is claar f'rc,m too � expe�1.mI!;.uta 'th.'lt tbe llUtrit1ve .,alue at 

� 'Vari.eti1;5s in � of abiUty to Qlpport 1l�i8ht gain·does 
VD!I:y, at looet to scee extEm't, and that 1dee.Uy it is necoon,� wtal 

10. 

� an1nnl JmXlUc't.iOD t'GSUlu to take into aceamt tntake, c11.39Stlb1Uty� 
.. ..tId rumen valat1le fatty acid �. 

1.4 TIlE l� OF VARlA'l'IOm IN 'mE LEVEL OF FEEDING i\.ND 1nE 

CGtpOOlT'Im OF THE RATtaN ON mlK nBLD. 

1'\.$ nth other proiuQtive � milk y1Gkl �. pr1r:lar:lly CD the 

not � value of the ratJal.. Poedlng et� whlcb state tbe 

_� per saUQ.l. at _lk in t 01 total dSgeGt1ble trUt:rtoDtIJ, 

a-tarcb equ.i"V'alsnt or d16est�le � mattel-, � thet tbe 19latlaJSh1p .\letwen eneJgV tatalc.& and mUk �1oa I.e � aot alllawls elf t'eodiDg. 
WhUe it sa vuo tbst lac th � t;ataJco QIN. � aaaaetahd 8th 

� !D Ulo £at� mUk y1el4. tllrn'e are man:I �al of tHlidnt shq retuJ"ns (Jensen 2l !l.. 1942; !! .111., 19M). T11ft.t 2s, the k1cl'!OOGOS 

in mi.. yield becc:De �Gt lY SDall .. with each �ve (4 

toad� .. 

used t .. �km c:f al.l1l is � <be to en !ac�p!oport1oD 0Jf 

tte � 41 . to .. tat , and to a tan sa tID 418estiblo ell tID , rtu;tt '14th (lea..-CaapUDg aDd f 1969). it is � I.e tl1at tin � PftIPQ'I'ttkG at � � mq t ath � mteko, � 

evidEmI:e b1 Be!d. ' Gad�:U (1986) �ts tha't tlds ts.ctar-V 

4 � The ba818 tar this «DClus1m was tm � �t�p 
l'li¥llR'r'lmti betwen tt» mtabolizablo eaergy tapgt, at body� �tllb:r1um, 



and t mUle energy output Of CC!f1S, at feeding 1evola up to tour t1-mee 

that NcpiWid tor malDtanance. 

11. 

VlheJteas level o£ fe(d1ng and 1'at-correctGd m1lk proc:luctlca U'e JIOS"m� 
aorrelated it doGs DOt foll.aw autamt1ealliy tbat when the fat-eorrected milk 

yield fl'OlIl a grcup o£ cows <Xl ana rutloo is lUgbel' than a s1mlal" group QD 

another, tm digestible enel'GY 1nto.kas are s1m1larl;y relntoo. This 1s because 

tho chemical or phys1cal eba.racterist1ea of s rat10ns nay lGed 'to tl dGcrGase 

in the aeet1c to propionic acid rat10 in the l"OIIEID l1qum. \1.b1cb 10 turn may cause a mnrked ress1a:l in mUk tnt ccmtODt ( alBo soet:lon 1.52). 
Batioos which lead to the pl'Oduct1cn of 1k COIIltalniDg a � tat CCDtent 

therefore result in a zeduc�lCO 111 tbD eft1ciEll1c1 with which oetabol1zable 

energy 1s used fw milk productlaD. 

There 18 now SOIZe GV1cleDeo that the eff1c1Emcy of utll1sat1al of 

metabolizable ane&'gy for mlk p1'OdUet1Ql also var1es with food quaU. ty UDder feading ClOIl!t11t1oDO wbem mUk tat ecmtent 18 not altored. The eaper1raents 

of Ell10t IUld Loosl1 (1900), Coppoek, Flatt, Uoc:I:e and Stownrt (1004), ll1ndal'G 

and Owen (1963), aDd Flatt et a1. (19G6) suJ)pGri t1» 'ccatonttm origiDalliv 

JBBdB by Blaxtor (1962) that the 1ar prq;aortSaD 011 acetic acid 1D the 

� UqIlOr kJ about 6(1, tho oUielEJ1lCy of lcm of tabo11zab 

to milk eneJ:'gy is at 1 to- maiDUD (?CA) and that 01 ther h1lJbm"" lower ,PZ'GPOI't 1Qns at acetic an cssoelBtad nth lov ,e.ftlc1oDeioo. 

also depends _ tacton incJurUfV pavlcus plam � talt.ri.t1aD 

( llace, 1957; Floa, 1949; tchell. 1967'), 1aDgth au1 seftl>1ty of tbe 

chaqfe. the at � lactatioO (RSdde't a1., IOU) and taet.ars suell as 

!diking toobP1(J10, health and e te which may 1. t tho � �o which m 



antlnal ee.n MSpcmd to  changing levels of JlUtri tiOU. Varin tlon betweoo 

1OO:1vidUal antmls is nnoth;)r �ant factor Which :l.a well illustrated by a ser1eS of expe!."1ml!llts carried out by Blaxte.r (1962) :In wbich Ild.lldDg 
cows were given different Q.'tlClUltts of food tor tlle1r thole l&etation. The results showed that th0 higher too level oZ aecration, the greate&- j,a the 
effect of a gj.:ven clla1:lGe in the nut.rition OlD ��t secretion. 

12. 

Rodt (loot) in an excellent review dealiDg with variations in the cbem1cal �1t1a1 of milk C01lSidered that 1nereasos in tOO protein CQDtent o£ tIle 

diet of' a cow o� normal ( \1oGJmaD, 1957) 1avariably have DO �fect aD the yield of mUk but mcx:Jera;te zoeduetims belGrl WoodIDIm' G standards ( 8OOb) have given small decreases . More 1"GCeDt esperlmrmts (Rock and Line, 1962 : 

Reid, Tyrrell and Moe, 1967) , however. have 1nd1cated tb.at milk yield may var,y :In tile same direct100 as the protein content of the ration, over a very 

w1de I'lWSG at protem iDtaltes .  FectOl"8 zoeapcms1ble for tho variable results 

pr-obn� t.:oolude tbe clurati<m t1 the �s, the lovel at milk prodUctlcm, 

aDd the protein � avai lable .  

A certain IiUlX:lUIlt of dietary fat (3 - 45 )  1s requimd :In 1h e  cmeantrate part � 'the diet tor rmx-1Ioom milk aDd fat yields (Rodt, 19(1l ) .  1IowGger ,  the 
additicll o£ large QmQlUts of edible rat (e. g. 2 lb. ) causes d.1gestive 

d1.sturboaces and loss of pI'Of.lUcticm (B1Il1th, 1959) . 

For pastums such as the l'YegrasseG \Wed 1D t111s stt.l1y 'the protein aDd tat cantent is noma1l¥ h1gb � to preclude tbe pos.s-tbUlty of a dE.d'i� at'f'ectlDg alk p&"Oduetitm SO that tho 1e 01 of t� remains tllIi!l 

crucial tactcr. 
Fran the data diD_sod 18 thts sectiol'lt 1 t is probnbly roasODab18 to ecmeluc:te that milk p&'Oduct1oB .h'Qm the ryegrasses will be pc:s1tive� eonel�,tctd 

to digestlble � intake, provided that tho cbnractenGtlcs o-t the pnstUJ'eS 



are not such that the ratio of acetie to prq>iaD1e sei.d in the rumen 

1 141O'r is altered to such an estarrt that tbe e�flc1enqr of utilisation 
of metabol1zabl.e anergy :is G.f'fected. Tbe other factor whi..cb may eonf'ound 

tIle general relllt101'lSh1p between di.geBtible en&Z'gy 1ntcka and milk yield 

13 . 

ia the pose1bi.lity � interactions between th& nature a£ tho d1et and too 

pI"OpOrtldQ o£ the metabolizable GD01'gy dtverted to body weieht gain, 01" 

alterDiltiVGly, the aooont c4 Ixx\Y tlsaue mobtl1zed to ou:l..ntatn n1lk production. With tho aboVo re6Grvatioos. ancl in too absence -0£ 1rl'tako data , d1.tfeNnces 

in milk product1ca ar.o usac:l in this s-tudy to 1Dcllco:tc: parallel d11't� 

10 the d1gaatlblc energy 1n1; ake of SJQlpG of cows .  

1 . 5  NUTRITIONl\.L FACl'aiS AFFlCI'ING -mE aD!%oUCAL CCMPOSITION OF IllUt 

Tbroughaut this rav1Gw eqlhaals will be glven to the major IIIUk 

CCIlStltuents , tat and solids-DOt-fat ( J)I'OteJ.n and lac�Q6e) , and DO reference 

l.U be mGdo to minor eaostituents such as traae Glemc:ute anc1 vitBD1ns. 

The e:Uects of level and type of feeding CI1 _lit CGllpOBitl00 are di.ecussed 

w1th Il:iQSt attentim being dovotod to factors wbich may be of �anee when 

us1ne pasture aa the basic �eodDtu1'f. 

1 . 51 Fat ccptmt Ilnd lA!mt1 of teeding 

AdGqua� cpmtltSes � pr.oto1n anrS -8DeI'gy pJ"OClUce a fa1; yield COftGSp:mcU,J'Jg 

with the animals' 1Pl1er1tod pot_Ual. Witi1 UDdciIII'teedt.Dg both the CJlant�ty 

� milk and fat produead rill ncnaU7 dnp, but the -teet -<Xl tiIG t'at cmtent 

� the mllk may be variable. Hence anl'd ( 1999) ,  and Jamiescm (1936) 
and .1'llsc1l, Davey and Dolby ( 1.967) ncozded �1als wh1.lst Flux and 

Patchell (1-954) Cl1ld RObt0rtsan _ ale ( 1900) bave reeomod flJl 1Dca'eaBe. It 1G 
probablo that an maease in U:m tnt ccmeDt at milk is Ji1QE.!G :wce� to oeoor 

f'9UoWiDg a abort term sudden zoeducticm til :food lDtalce wh1ch leads to a 1008 of 



body weight . Whi�e the I:1ObiUsatian of body fat may account for too 
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inerease in fet content (Plux and Patdle11, 1957) and the cbaZl3G 111 butterfat properties observed following undG'rfeed1ng (Munford at al. , 1 964 )  other 

workers ( f!1IUaoo and Christina. 1956; Shaw, 19(1 )  hove noted that the relntlve proportions of butyric acid in the rumen rises WhUo that of acetic 

acid dimnlsms . It is poGoible, tbereforo, th2t t!lc airecti.on of tho 

ebnnge in fnt coutant at the milk followi.ng UDderfeoding , tny be influenced by feed qual! ty wW. eb in turn af1'ects tbe amount nn1 proport ions of the 

various volatile fatty acids formed 111 the rum9n. 

If protein and ene.rgy are fad in excess of requirooa:lts thoro is nat'1lB�ly 

�ltt le e.bc.nge in the fat content of milk ( see rev1el:1 of Burt, 1957) , tbat is, 

except when e highly CQilCOOtratod raticx1 18 fed which alters the l"llmI)n 

fermentation pnxluets ( see below) . 

1 . 52 Dietaq c�tes lUld milk fat con!@n!. 
It 1s DOtl well estnbli.Bbed that the type and am.contrntial of 

earbobydrnte present in fG�fs can have a cons1derublo �fect on the 

proponiOOS o-f volatile fatty acids formed 1n the rtl1iDl of a:A'lB . On 'ncrmal-

diets , noetic acid accounts ,  al a molar bas in ,  for OO-7Ub of t110 total 

volatile fatty acids, propionic a.eid 15-22$, and butyric aeld 8-15%. On diets 

rich in roacl1ly soluble cal'bollydratoo an4 low in crude :fibre the percentage 
o f  acet1c acid may be as low as 35$ and propt.an.1c acid as hi-ob as �. Buell diats cause a lfU'Bl! reduction (up to � of normal fn't c:altent) in too �at 

ecmtent of milk (Balch t al . , 1954, 1955 ; Shaw ·at al • •  1959) aceanpan:1ed by 

little or no c::hange. in milk yield. 
In an exeellan.t t'eriaw Van Boast ( 1963) has dis,cossoo the possible 

phys1o�qp.cal anQ bioehemical meehani.sr:o whlch may load to tbG relatlansbtp 

bo� the aolar proportions o.f vola.tile fntty Bcids and ndlk £.at eootont . 



BednctiODS til milk tsot emrtent involv1Dg s1m11ar m£lllg$S Sa volatile 

fatty acids as those c1escribed above have also been obtnined v4len CQIOIS 

wera gi'VeD diets in 'll'bicb the fibre bas been fi,.ooly g1"a.4ld (Powell, 1941 ) ,  
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ar large QmolUlts _ coneentrn't&s relatIve to be:y have boEm fed (Balch et a1. , 

1952) . Also of particular interest a.re the expe1."'1.m!nts of MeCqmont ( 1960) 

in wh1eh he obta1neci deprosoi.ans in milk fat percentage with eons grazing 
sroan cats am !J:Elature paStuoo. 

Tapa1'ia ( 1 966) bas summo.r1so4 maDy of the ozperimelnts in which add1tlana� 

coneentrnte suppl.Eloonts have been given to eows grazing pasture, and 1n 

these saUlt fat eon:tent vas generally deploessed by 0. 1 to 0.3$. 

Tb8 rolat klaSblp between ruaon fezmsotatlon products and the tat C-altcmt 

-of mlk is furtoor illustrated b,y' expG1"lJaaats carrlod out � Rook and 

Saleh ( 1959 and 1001 ) and lnter by � others, 1n which oartom fatty acids 

were adm:l.nlntered directly 1nto tbe rumen. l'..c:Qtic acld tncren&ciJd the tat 

� wb.Ue prop1onlc arid 1'edueed it and iDczoGased the prowin ccmtant 

of m"lk. 

1 • 53 PF9ts1n levelq, in t!p 410't and Sa fa. t eaet 
'l"bo fat content of milk is ganeral1y little affeetGd by var :l.atl<lDS 1n the 

proteiD levol Off tho feed where �f1c1ent ergy is present (Book aDd Liste. 

1962 ; LqJan et al.. , 1009) , �, in a few easee lavel Of protem feed1ng bas 

, BboWJl to positl 1¥ Nla'tBd to fat CCDtent in tbe mUk (B,yeH !* al. , 
1949 ; Baecker, 1914) . 



1 . 54  Dietary �at � ffi1l.k fat cootoat, 

A oorta :J.n  C[oount 01 fat (3-4%) in the ration is nocoosary for 

mnxiDlm milk and fat ylolds ( Bodl ,  1961 ) .  However, tbera are II!aDf 

canf'lict1ng results as to the e�feet � tm amount and type of fnt ;J.n the 
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dlet of cows en too butterfat content o£ milk. The :feedinU 0:£ hig� 

unsaturated fish oils ( e . s. codl1vor 011) has generally redueod the tat 

ccntent of milk (McDowell, Reid and Patchell , 1957 ; Shaw and Ensor, 1959) . 

The feeding of olls cd plnnt origin baa ba.d variable oftocts an :fat eontent . 

McDowell 2,t nl. ( 1957) obtained DO effect from addod peanut 011, llDsGad otl, 

soya bean oil ( and  tallow) 'iUberoo.a storr-y , Rook mlCl rIall (1007) using coegz]ut 

nnd rea pakl 0119 obt:'..ined a siGDUlcant iDcroaao in the fnt content of m1.lk 

(aee also Van Soost ,  1903) . In IlDOt e:per1Ioonts the constituant fatty acids 

0·1' the o1lk fat t'lre altered �nrdB tbnt of the dietary fnt , particularly wban 

the fat contains mainly fatty aeida wh 1ch  are not subject to hydrogenation. 

I t  1s quite probable, therefore, th.o:tt tbs effect of adrlod tats and olle 

will depend 00 factors ouch as the basie rat ion, lovel of feecl1.nB, form 1n 

whiCh 1t is adm1nistorC3d, chemical composit ion  of the tat and length of 

treatmEnt. 

1 . 55 Sol1Ap-not-fat oontont (�.N,F.) a.pd level of faedWG 
WhSl tbo lavel of feed1na is reduced the protem azxl solids-not-fat 

ccntants of tho mUk dim1nish (Riddet 2-t al . , 1941 ; Book, 1961 ; 

\711sCIl !! 1. , 10(1) . The effect of addit ional feod is {JIDerally more 

marked at low than at biGh p1a.nos of mtr1t ion. Thus 1neroaaes 111 the 

feed1r.Jg lewl above norml ad lij)1tu!a gJ'BSs feeding results in CIlly a small increase in S. N. F.$ (up to 0. 2) wbel"0oS reduct.ions in foodi..JJS lsvQl baw giVOSl 
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� of up to 0. $ S.N. F . Changes Son S . N. F. with feediJl3 leftll. 

are DOl"tlBl1y due to a � in the protein ccmtant of too milk wt with 

� sraaU decreases in the lactcee content also occur (Rock and Line, 1961 ) .  I t  is narI well estabUsl1itd (Rook, 1961 ) that the 

changes in S.N.F. that ocour with cbaDgeS in the level o'f feeding aro 

reJ..�ted to tho eIlflI.'gy content or tbe food rather than to variat1cm ill � 

otbe.r eompooent at the food . The extent of the cb:aJl89 10 S . N.F. CCIltent 

ith a ebange 1D plane of nutr1 tim varies with level o£ feeding �0I"e 

calving (Patcbell, 1957 ; Cam.pbeU and Flux, 1948), and with type cd d�et ("Rook, 1953 ; lloc* and Line, 1001 ) (also see section 1.00) . It also 

should be noted that while cows giving a good c:llk yield (aay above 1 .5 gal. 

per day) will srow tho ebangoe in rat am proteiD content described above, 

at low 1i111k yields cky1ng off processes interveoe. In too latter case a 

low level of teeding Will gcmeral� caus lactose cantant to fa U. and 

Pl'Otoin cc:m:ent to plat u or cmm rls (R1ddet <itt al. , 1941) .  

1 . 56  q!!!0EY C!a!'behzdrates and S.NsF. ,tent 

In mte'l'pret,iDg tho results fd IIBD.f ea:periJllBlltG it 1.9 diff1eult to 8eparate the eftoct ot E!Ile1:g)' leYoI pel ft. aDd the pl"OJlOl'tlCD or 

eoucentrat1m of varlQlB carbobydrates ill the rat1cm boeauee any cbanp in 

one DOI"JDa1l¥ afteets the otb • BowegeI', nddit1aDs at flaked ma1zs to a hay aJJd cCDCCmtra� d let bad a part1eulul,y effect em 

the S.N. F. ocm.teDt Of mUk tl¥1't caamt be OOCCUJ'lted far by the addl�1aDal 

eoergy (Ba1eh et 0.1. , 1965; Book au4 LiDo, 1961) .  'l'basG l'emllts ODd tboeo � Caetls to 1. ( 1959) sugges"t that the �tl'Q"t1oa of eDarsy lD the reed f11 as feed1Dg level Daf d1ect S .N.P .�. CCDtaiJ:l1Dg high 



oxper'iments in wlneb tho fnt c:xmtcnt of too milk was <lopraGsed there was 

also Q conc:urmnt elevatiQl 1n S . f-t. F. % ( Balch 2t 11-1 • •  1 005 ;  Imo r !Ulil 

Shaw, 10at ; Slim "  1961 i Castle qt a!r. , 1963) . The Obao�t1a:lG that 
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cereal grains conta1ntnu a. high level of crude f1bre mve Givan only poor 

reBp()OS4.lS in S .N .. F.CZ when used to tJIprove plane o£ mtritjon (Burt, 195?b; 

Br'O\'tn et al. 1ge2) and pelleting of the ration � increase the S . N. F. contcmt 

of milk on.ng Iilnd Bemken, 1962) are in general agreel!lmt with the possSblUty 

that the ratio of 1nd1V1dual fatty acids produeod may be of �3Dee :In 

aUecting the S .N. F. content of milk. 

In IlX)Gt of too E!!CpOr1ments in whi,ch add1tJ.ooal cc.mcen'b:::ltes �ve been 

�ed to cows graz1ne grnss an increase in the S.N. F.$ (up to 0.2) of mUk has been noted (Ta.pnria, 1960) but whether the 1ncreaoo rosultod from a 

e.hange 1n cmargy lntake CIi" a change 10 the proportion o"f volatile fatty 

aeids produced c::alIDOt be jw:lged fI'Cm the reparted resu1ts . 

It is llO'a 11 IUlo\m ( see Wilson !l al. , 19(1) that additials of 

propionic acid to the rumen 0'1. lactating cows leads to nn 1ncronsod protein 

and hence S.N.F. content 1n the m.t1k. Laet1e acid , which 18 pmsant in 

rumen contents cm1y when dUtts conta1n1Dg large &UilOUI1ts (3£ J'OOdi� avaUabJe 

eaI'bobydrates ( e . g. flalted 1i3B1.ze) 1"9 fed, also 1Dczoeacoo S . N.F.% bot does DOt 

at the same time depress fat content (.RooJt, 1961).  These f indings  are clearly 

in ba.zomc:my with most of too �ntal work rov1ewed in tI1iD section. 

1 . 67 �!!'Y RlR'l!!e and Ss1f.F• gtGllt 
lllCl'eQ.GOO 111 the pNteJn CClIIteDt of too d10t above tho � levels (WoocIman. 1957) and also IllIOdarate uetioDs belDw tbese standaNB have U�tle 

lntlUSDC$ em milk protein or S .N.P. �t.aees (noltes. 1956, 



Rook aDd Ltna, 1962; From and Dj:1kstra, 1959) . Iluter ( 1006) 

exomned tho possibility � i.DtGruet1cas between jlroto·bl and � levels but fwoo that protein leve1 had DO effect an S • •  q.F .% at 9.l\Y 

energy level. \71 th an extreme ftJduct10n 1n the pl'Otein oontont of the 

diet to 6(S, r,� l'1codrlrlnt s.  standard, RQ1iland ( 1946) obserVod a 1"eduettoD 

af O. lS 1n the S . N. F.� of m1Ik aDd \'Iaite ( 1966) ,  Rook QUi Line (1962) and 

lsaehS'an, Ul&ves11 DDd Brc;d.nm (1956) obtai.Dec1 e:ssent:l.aUy slm1lar results . 

1 . 58  Ncn:-prptejn n1tmpn lptaJte !!!1 glk C>!lWS1t1<m 

A review of tbe �nnt aspects of uno a�nt.."ltion and the 

production � milk fl"Om ncn-organ1c CtqlC'mds will not bo onclertakBn, but 

the possibiUty of DOn-Pl'Otem nitZ'Clg'eDOl;W substances affeot1nc mUk 

plOduct1on l!USt 00 cons1c:lered. 
The wx1c effects ·of some nt.UqJCiJDGUS substances such Ql3 nttZ'BUI in 

pasture aze woll 1aIc1om, the s�e lUd.t 'for I'nmtna:ats baing eene.ra� 
eamidored to be 0. 20 B. of nttra�e D1trc:gezVlOO g. of tky foed 

(Gamer, 1968) . The effects of n1trate CIQ aUk �tlon CD the other 

hand vary � no ef1'oct (JGIkiJS at a1. , 1900) to a marked dopJ"OtJSial ill 
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mllk y10ld (Mubrer, GanJer, �� aDd 0'Dol1, 1966) and it appeus that tho 

avaUabll1ty at the �te m the has III tnoJor affGet 111 c:1eterm1n.1ng the e,t:fects, rm:1 in particular tbe tad.ei ty o:f mtrate 

(Barnett and BoIiIIlDn, 1957) . 
1 .59 tttotan ttl! and StH,'. 2CDt t 

Addit 10nal  fat to the ration of .da1ry CO\'IS has bad a variable _:teet aD 

tbe S.N. F. contaDt of too dik. 1I'or Js Patera. nazr1s ,  Mulay and 

PiDk.erteD ( 1 961 )  80 added tallclr d8pr8aaed S . N. F.% \71th Friesian but DOt 



Jersey eowe wmreus MeDowaU c.tt"al. . (1957) found 00 ehnnge in S .N. F.% 

t.leiDg Ii wmber of -different 0116 ::md .fats 1nCludlDa tallow. 

The finding that dietary nddi.t1ans C1l ot.ls (particuJ;al"ly cocll1vft' all) 

rIBy modify tho r.um:1nnl productlco of volatile tatty acidS, c.ausing an 
1ncz'Qase in propionic ac:1d roletlve to that of aeet1c e.c1cl ( Shaw and 

Enso�, 1 959 ;  P..obertson and IIaWke , 19(4) might suggest that iDcl."easee 

in S. N. F. could be expected following the feeding of fnts and olle . 

However this effoct bas not been dAmcalt;trated in pract ice . 

1 . 510 Yo.r1atiol!S. J.I! tOO laetOEfe CCIIltent � -lis 
Conparod with the fnt and protein contents, the lactooa eontent of 

milk is only very sl1ghtl¥ affected by rmtritiaD. 'I'bua DO tncroasG in 
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l:-\ctose CGIltant imS recorded T�D tho eJJeZ'gy le.vel of the ration was raised 

to 1� of requirements (Boat at al. , 1900; Holmes !;t al. , 1956 QIW 1960) , 
aDd � a sUght 1Dc.roose wl&1 it was raised to 25� (Rook and L1De, 1961 ) .  

In ea:sas o£ anergy deficiency the alterat 101\8 are general� a lso  small (Flux and Patchell, 1954 ; ROCIk ot sl. , 1900) altbough gross underfeeding 

(Burt , 1957b; Fluz and Patchell, 1957) , or tl1e sta.rving of cows for several 
days caused fA sharp tall iD lactose CCIlteDt (Robertson ot al. ,  1960) . 

The lactose eantent of m1lk. is Blso 1Dtlmeced U t t1e by tho � 1em 

of short chain tatty a.e.1d8 into the rumen (stony and llod.t, 1961 ) .  



P A R T  I I  

�AL Mm'BODS. RESUL'l'S 

AND DISCUSSION 



MATERIALS AND MEl'HODS 

Because !118ft)" of the grazing ezpertments in this study tnvo.lved the 

use o� stmilnr methods ,  COJs ,  sampUng procedures end o.�8os., those wU.l 

be c1oscr1bec1 and discussed togethar in this chapter. 

2 . 1  FACILITIES 

Tho liJljor1ty � the exper1D1nts re carried out using the foe·l11tles 

of the Massey tJnivewity No. 2 Dairy Unit which OODBi.Gts of a m1lfdD.g bel'd 
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of about 30 pairs o� mcmozygcus tw1Ds , together with repJ.ac..ernent young stock. 

The majority of the pastures CD tho �qm cClD81Bt of m1xad grass n.nd cloVer 

swards and 1 t was tbase tba t usod to -teed tbe ex.perimf:rIltal CorIS during 

the PNl1mtnrtI'Y pe� 0% caperilllents 1n 0I'der to obtain rnlk production 

data for use in eovar1ance ana�. Approximately 21 acres of relat.1vel¥ 

unl:fOl'm laut ( for subdl v1Bl<m see F1guro 2 . 1 )  WGI'e used 'to grotr tbe pure 

Far the O%I!ler.1.tl1mtnl 

per1Gd of an ezporiDmt twin pair mates were allocated to the beatmants 

at random. In �ts, in wi11eh there � three Uaatman.ts t 

experimental �t the t.IlecIq)lete )aneoc:t bl � destp described 
by Coc:hnn and Cas ( 1950). The twin COWS mllked in the No. 2 Dal!'y 

Shad, a 11 "dotIhled up" aiDing E\YB"tem titted with mt1k hlCQl'deJS 

which eon tho mUk yields fI'CJIil tIId.1rtdu 1 caws to be maaUl'S4 and 

reprosentatlVi . 1k sat:lp1es to be ebta1Ded t. au quent 8ll4l7BJs .  
am:ter'imIIi!Dt ( t 1 )  r Pr catt le ttoII tb No. 1 Herd 

in the No. 2 Dairy 1t r aDd in ther (EKper 8) 



Friesians 1n the No. 1 Herd ..-.ere used. These cattle were usad 1.n 

orc'lar to obtain cows which had ealvGd in the autUDl l'utbDr than the 

spring. In two other exper1JlDnts ( ElI:per1meots 4 and 7) sheep \'Jm'e 

fed indoors using the fneil1t-1es at the An1mal PlWslology Unit . 

2.2 EXPERlWi1'fi' AI. DESIQ; 

Tho covariance design vms utl11zo4 in all of the gr:-Hdnc expGriamts . 

The Iil1lk yield and �1t iCll data wore anal¥sed by covar1nnoo analye1a . 
Tests of s1c;n1flennce wre made bet\i8eD tho adjustod t.roatrxmt means 

us1Dg the values obbmoo from 1ndlvi.clool cows durina t� prol1r4.nnry period as independent variables ( SnOOecor, 1955) . 

DiscussiUl: The eovarlanca dGs1gn was partleulnrl\Y su1.tod to th1s study 

for a munber of 1"OaSCI:IS . Tbe area of 1aDd available for tbe growth at 

the r,ye.grass was limitad .so that the cho1ce had to be IlIIU.1e twoen pazinS a sunl,l number of eGBS using a ebange-09'er G'.ICpOl'imental desi.gn 
(or Lat in SCJltU'e) and the covariance dBBlp with a abC:Irt axperimen'tal pori.od, rut using a greatel' number of cows. Dtsadvantaaes of tie fClll"lDflr 

design 1ncluded tho Pf,"OblemB of treatJllmt cury-owr e'ffaets an m1lk 
praduettm, too changtng cbemSca.l �lt1a:l � the pastures vlthtn a lcmger C11ZpGJ'1ment , and tho UmS. tad UUI!IbeI' of eows with dif':teront genotypes 
wlch could be 1ncluded 111 a siDgJo �t. 'l'be oovariame design did 

not suUer rna any of these d1aadvfmt . •  aDi becatme of the high OC'.lft'elatlan aueams190 � of mUk yield and mtlk 
cc." • .,ts 111 tbe short term, tie oovat'1.aDce adjust1lllleata highl,J 
effect! in redlldng er.ror \'t'lri.nDI!Ie. 
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In t he  �tB iDfo lriRg  three Ueatmmt groups, tba <Io u  wen al80 
sua�ed by covaI'iance, but the twin tm:l Is 1IUJ"e allocated to treatrmmt 



TABLE 2. 1 Dotes of sowing experimental pasturoo . 

- I' . . . f '  . ............... "'" ..... 

Paddock Prior to 

No. April 1964 Jlpril 1904 April 19GO �pril 1967 

i 2 f!:1xod l>astUl"e - Tetraploid r 'ixed p3.sture 

i Western uoltllo 
! I 3 r,�i.xod pnsture - Paron Mixed pasture I I i 4 tJ1xed pusture Tetraploid Hixed pasture I - ¥.Jestern l'iolths i 
! 5 �J1xoo pasture RU3DUl - -i 
I 
I (j Man:'lwa - Paron n:med pasture 
! 
I 

7 ftrlki Ruonui - -

8 Arlld Runnui ... -

9 Rusnui - - -

10 Mannwo Runnul + Clover - -

1 1  Runnul .- - -

12 Ariltl l�r1ki + Clover - -

13 Ruanui Arilti + Clover - -

14 Manawa l�r1kl + Clover - -

15 taxed pD sturo Ruanul + Clover - -



groupe as 1(% an ineomple·te balanced block design. This p� 

yi-elde and coq:,os1t1ccs of the milks f"rom twSn mtea are hi� earrolated 

during the course of a laetat10n (Me:1lowall and Patchell, 1008) . 

'I"l.le so1.1s in which the pootures Vl'ere grown CQOBiste<l of L!onawatu 

sandy loam overlying grawl. The pasturo apee:leG srowmu in tbs 14 

All postures were scun in tbe auturan alaDg with 2 ewt . of super-

phosphate . Tbe puzoe swards at Rua.nu1 �grass ..-e m1ntalnec1 With 

sulphate of SJIIlalla ( for details see 1Ddi viclual eJIP�s) . AboUt alee 

a year, nonnll;y In the late autumn, it was QGeeSsary to spray the pastures 

,,1 tb 'TordGn· ( lv.l WatJd.ns-Dow) to eliminate tbe voltmteer clover plants . 

Datnta1n adequate gmwth and soU eov&r to' help pl'Ovent � 1nfestati<Sl. 
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(Trit9Uu! repepa L. ) VU'. "Grasslands BUta" , eocksfoot (DaCt,lUfl glGmera-ta L. ) 

vaI'. "Grass� Apanuin, and prairie grass U!lUD.? � Itunth. l .  



2 . 4  PASl'tllm SAMPLING Am STORAGE 

RepresentatJ.w pas'tlDe stlIlplos -were taken at regul.fu' intGrvnls 

.frcIm each type of plSture used in an �t . A lM'gG SlUlPle (apprGE. 1 kg. ) collected at ra:nciom � within each pa;cklock was Cbtai:ned 

on tbe JIIOl'Ding CIZ the first day tba t the COWS were ,g1 veil a break of grass 

in a new paddock. Sampling was always ' carried ont at about 9 a .m. to 

eltmnato possible d1urnal var1aticn in CCIG!pQOitiOD (sea so1ub1e sugars) 

aa tl sou,rce of variatlcn botwoc:m sszplGs . The samploa wore obtn� with sheal!"D and the graas waa cut to the lavel at wtd.eb tba CXWJ.S were 8l"sz1ll8. 

The bl"OOk �� system usacl taci.Utatect tbe tlSSessmcDt of v.bat tho­

animals were eat1ng aDd bence too cut tori.al was probably reprooentativo 
of mat was COIlSUITDd. 

The pasture samples 'IJe1"G) fromn wltb.1D 15 mlI:Jutes of sampling, � 

<i:ried over 24 baul's., and �.� pouDd to pQ$S a 1 t:Ill. aDCl stored 10 air tight CQBtniners at rocD to�� . hgeZs dry11lg was used m 

pro-terGDCe to oven dryiDg os ttd.s is less Uke� $0 alter tho �it1aD of the berbaga. LoBseG o:t dr7 !!Iltter (J)al't1culaztlN h.'aa the �te 
£rac:t1ons) �ol� heattng have been attributed to respiftltary lcsees, and 

c�l � by ezceselve beat (Raguae and Bmlth, 19(i) . 

2. 5 PAE11'CRE ANAlNSES 
Becnuse t· UmlUCl da-ta available OIl tbe cbemtc:nl COIl»Od1ttGD of 

tlle Z8alam � it was 0CID81da11"od tbat 'tm a:J.UllySes �d:en 

abould lDcludo tat, � aa:l �te detenl'ltQatiCSlS. 



have been suggested by 1.l1IlDy workers (Cramptc:a aDd WMttng, 1M3 , Waite 

� �, 1959) , but With the cmceptlal at the recent� establ1Bhed. 

addtt ional intonation at bi.olQg!cal 81gnU'lcancG. '1"ha B'am:Iebrlrg a,stem 
was us· in tide stu. because of its �11c1ty and becauae af  tho 1u'ge 

of the U;y available �*at lD the paeture. tbs total soluble 
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The �ed grass was ana.lysed few cru1e prOt o1n (Nlt..cgan x 6. 25) , 
.CI'Ut:le �ih"t and � extract by etamdard cathode (A�O.A.C. , 1965) . Tho 

can-teot of nitrogen-tree extract as � by dUf"mPliDKl:e 1.-100 -
(C2 • pJ.'OteUl + er. fibre ... otbefI- atrac.t )  7. All 8Bqll.oo - anal,. dUpUea . •  

Total GOlDWo � «lIIlteut cd the ,.,... ... ied 88IBPlEs of pa.stu1'e de'lieftdllcld in dt4pu.cate lIJJlag the � _ Balley ( 1904) . lD tbiG mthcd 

�Son: As it 18 well kI:lo\iD that the content oZ suganJ Sa grass dec.UDo .np1.dly after euttiDg duo to rooptrat1oD (Ragusa et S t  1965) , lt was 
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ccms1deJ."ed � t"O cbeck that values obt.ailJod us1Dg t� grass 

tI!eft) simtlar to va1ues obtaiDOd U81Jig fl'esh� CU't grags. The � 
was und� using sBq)les o£ Ruanoi l)'egraBs pestt:rres at two· stages of gro"3th end se.np1ed twice dai� (9 a .m. atld 3 P.m. ) 00. tfa!eo COllSOalt1ve da7J;l 

to prov1d0 a range o£ soluble .S'U{Jar concentratims. Tbe results f1'tD this 

total soluble supr eontoDt of" graBS sempleB . J'UrtMrmo1"e, tbe nethod WDB 

more satts:fnetol'y as the variatiao between dupl1cate £Ulq>:kts tmS nuch smaller 

for the fraazG-dried samples . 

Tba timEt � the day that pastures are sam,plod has a. eonslcleZ'able e1�ect 

on the s� ocmteDt (X1agallWry, 1905 J anti Appead1x a. 1 ) .  ,GO 'that ea .... 

taken to sanple all expQI'1mGrntal pastures balDg eoq>nnd Oft tbe some day and 

at tile 60J1Je time. �er, as day to clay varia tlaaa 111 pook solub ' oussr 

levels are appaI'eDUy related to the 1JIl£1bfn' of au_Mno balrs pr:eeeed1Dg the s�UDg (MacEcmzie am Wy1am, 1057) it 1s clear that �isoDs between days 

and ospeeiall;y ex:per1rMrts, are subjeet to emsideJrablo errar . 

fltlk yields f. lnd1v1dual __ _  -re IllGeISUlI'ed p ltmtpazoy sad �a1 penods _ oaeb 8p01"!Ja1.t . For aU tbo gJr'aZUag exp8nmanu, .. pt a &1ld 9, �y CCJIIIpOSU\e telcen tftQ 

:lDd1v1dual eon ft1c8 ,  tOI' . dura't1cD t:Yl tiID (� p .• to Tuesday B. '. , Tuesday p. m. to '.l'1aur8da1' a.a. ). For �8 8 end 9" &1117 t ob'ta.tDed ,.. lDd1v1dua1 ... OIl aix � of oacb 

of the � . lJk s� t to  $3 Daii"y BeaeQl'Cb �tu. 

lnat.ltutt<m. 1955),  total GoUda by tbe grav1metrle 12Dtbsd (hootinG a 2 8. 

�le at 100 - 1wOe tat' 5 hr. ) .  and th$ soUds-not-:tat content calculnt 



by dlHe�. Total nitrogen was determined � tm Kj-oldnhl method 

and the pl'Otetn eontent ealculated (protein :: N x: 6.38) . The lactose 

(monohydrate) content 0'£ the milk Vias detend.Bed 1n ·same C!Jxper1mEmts 

and the �d,;.ure used was the Lane and $.VnOn volumetric eopp&r reduction _thod. All dGteminatians were made in duplic:a'to and if 

these were not 1D close agreement they were repeated. 

For Experiments 8 and 9 the daiq eompos1tea 'Gel'C n.nn qsed 'for fat , 

protein ODd lnctoae CClOtents,  using an Infra-red rn11l:-nnal¥ser ( I  .R. T:,�. A. ; 

for descrlptlcn sea Biggs, 1967, and t'Hunford, 1967) , wh1eh was purchased 

by the Dairy Husbandry Department in August 1967. The instrument WIlS 

1n1 tinlly .calibrated UBing a 1'tUl6� of m11k samples onalysoo by tho 

standard chemical methods, and day to day cal1m-at ico was achieved by use 

of the internal optical filter values .  Ftnal calibration wU.l. not be 
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c:�l:eted untU moro eham1eal data are available. Munford ( 1961) 

determ1ned tho error :for a s1Dg1e �eN.1natlClD (standard dev1.a.tian) on 

a s1Dgle Saq)1e using I . R . M.A . as 0. 044$ tor tat, O. m<1X> for protein and O. OlgJ, .for lactase, values which are s1m11ar to the errors for the ebem1cal 

methods . 

Diacuss1<m: Early in th1S study 1t became apparent toot , indiVidual cow, 

801ids-not-tat percent ages calculated fJ/'Olil results obtai.Ded by the ebemt.cal 

methods ( t . e. protem $ + laeto.se % + ash %) , or from. I . R.At.A . rosults, 
VleI'e 0. 1 to O. S ( average of abcut o.�) h1,ghor than those �I!CG the grav1Det.rie oven metbod and fat test ( 1  • •  S . N.F. = T. S .  - tnt $) . 

Mr A.K . R. McDowell of the Institute has invest igated too possible l"$ascms 

�cr tlns d1screpancy and h1s eoncluB1C1bS (McDowell, 1968) are SU1lIIl1f.tt1zed as 

�01l.GY$ . 



In the protein method the factor 6.38 to ccnvert N to total 

protein is too high for t he nan-protein n1t�en � (5% of 

total N 111 m1lk) such taB urea. This may rooult in an error of about 

+ 0. 1% in the protein value. In the asht.ng o:t milk, citrate is lost 

but it is included in the total soUds va lue. This reans the El.sh 

c:mtent of milk which ts normally ema 1derod to be about 0. 70 is 

probably 0. 2% l.o';:'t. The phosphorus content of milk is counted tw1ce, CIIlCe 

in cossin and once in ash. Casein contains 0. 8$ pboophorus but 1D ash 

it would occur as phosphate (PZOs) GIld acount to 0. 00Jl. of the milk. 

This results in an error 01' .... 0. 00. These errors colloctively moan th"'lt 

the ad<litlal of protein laetos·e and ash 1s low by about 0. 00. 

One possible source of error in too grav1metrtc oven aethod o£ 

estlmatlcn of total 80l.1d.s arises because a certain variable percent age 

of the lactose may be proaent in the �drous form rather than the monohydl"ate. The d1tfol!'eJlee 18 igbt bMween the two farms could alter 

1110 total ool1ds by up to - 0. 25% so tlmt even a small d1fferonee in the . � of hydrat1al wwld be s1gnUlcant. In addit ion too browning 
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reaction whic:h alwnys occurs in oven dZ"ylDg of mi.lk soUds due to Q reactioo 

between lactose and protem results 1D the fonmtiDn of a mmt>er of products, 1neJ.uding water, whicb arc lDst .  Experiments � nr1ng freeze-drying with 

oven-dryma have Show. that the bromi.ng reaction. could rosult in S . N. F . 

figures Wb:l eh ara low by a.bou t 0. 11%. 

'l'h&se resul'ts. while they do DOt eapp1etely explain the original 

dlscrep:mey , aq'lly demonstrate that tbe ehem1cal metho<ls for the det,e'l'lDtnatlon 

o� the cctlStltuen'ts o£ m11k can not be CODS1dared "absoluta" ·and emphaG1ze 

the importance of llUlkiDg all c:c:epar1sons "Wi thin experilOOlltsn as bas been done 

in this thes1s. 



2 .7  RUMEN FISl'UlATED COYlS 

A m.mIler o:f tlstulated milking cows _1'0 availab le tot' usc fsua the 

etllmaueet'lXmt of th1.s study. These iDCluded � PocUgree Jersey cows 

(Me ami M48) and CII'le pa:1r of � twins ( 15 -and 16) also of 

Jersey �1ng. Beoauae it was eons1dered necessary to have at least 

six 8ntm1s availnble fGr Expertman't 1 ,  a further pair of twins 

(Jersey: 121 sod 122) were fUtulated With tbe QGslstance � 

Mr A. W. P. Davey of the D41ry nusbandry Deparbaent , using the teclml(J.1e 
c:leserUIed by Balch and Cowie (1962). These six animals , �tber with a 

�r throe pairs of dry � twin enlmD.1S borraood Zl"OIn tSlE to 

time froID Plant Cba!l1stry Dt.vis�. D.S . I .R . , were used tbrougbout tIds 

s.tudy to exa.m:Lno the 1Df1ueDce at the 1')'egJ'asseB 00 the end-p1'OdUets of 

I'Ull'8l fermentation. It was baped tllat those maGUr0mOOts wcu1d help in e:Iqllflin1ng the ob8erwd ebaDgeB in milk �lU.on. 

2.8 RUMEN LIQUOR SAMPLING AND AN.U;tSIS 
In 1:lJa experiments :In "Moh Baq)les or I\1IDn l1(J1Ol" wuo ObttUnod, two 

fistulated .ec:mJ 1i'G1'e allowed to graze with each 01 the treatment grwps 'lor 

at least GDe �oze Z'UDal Sltlq).Ung (d'wwlC8d to etlBUJ'e that the 

microbial popula.t tal was fUll¥ adapted to the DeW type of pastun. 
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Tho milking CO\1S were Ilept ot'l pas1lure between UOI'B1n6 mllk1Dg (6 a.m. ) 

nnd 9 a . m. ,  at which t1mo th! firBt l"W'DI!IiB • ..,1es far the day. obtaSDed. 
The COWS wore theD turned to tbe eJCpel."tmental postur · end a turther three aa.tQP1ea taksD at ftIo hau� 1a'terYn18. Saq),. _ rtD!IfJ'B 11� (2OO-aOO ml. ) taken by band fftD tba lIdddle of tte I'UIiJ8n (Davey, 1964) 

ClO two cmsec:ntt , 4a1S. The I'\JI.lleD l1quw 1I/aS obta1nod by �o,re1nS samples 

through URl$'11n and the PI at each s�le ws measu.ced to too IWUll'est 0. 05 te 

unit wi �hSn a 'lew m1nutes o� removing the SBq)le b'om the rumen. 



Volatile fatt:z: acid CQlgeHt1';Q;�1R9: Al.l rumen saf>l:llas were stored at OoC . 

unti.l required for ana.lysis , wh1.ch was completed em too drlY of sampl1ng. 

ti.trttt ian of the stooD dlstillate obta1aed fllOm a Markham (1942) still. 

A 5 ml. a liquot of. rumen liquor was placed in tile stUl with 1 131. 01 

10 N-oH2S04 , saturatod with MsS04 (!3cI\n.alq, 1944) .  cne 50 ml. port1cm of 

d1stll1:lte was ooll-ected and tltl'ated with appradmateq O. OO-N NaCli undar 

CO2-free cond1tlms. A second d1stUlB'te � 50 W. wa.a eollected CD a 

number o£ occasiOOB and used as a blank correet1cm for too If aUghtly steam 
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carrloc1 cut in dllpU.cat! and 1t 

<J,laDtttt.es of volatile fatty selda 1Iel'9 added, 

beau of 10 sal'II'les � 99. 8 to 101 .3'.&. 

§2parat\m of �ln{tUal neWs: Po1low1Dg tttfttlC11 of the V.P. A. as described 

bevo an excess of NaW was added and the salts of the %atty acids were 

cooeent rated to tl suitable 1101wDe: ( 0. 8 - 1 . 0 1Dl. ) for gas-U.qu1(l chromategraph1c 

( 1961) .  " Co1uams · re run at 137 C with a 

equal parts C1f oolite 0Di NaBSO .. as a dry miXtu19. 'l1le boat 

pusbed mto the CD and �b8 n1� soppl¥ eotmnetai. 



The reliabUity of the saporntlcm was e.beclted by us:t.ne n atnndnrd 

solut1al cootn1n1.Dg acetic , propionic and butyric acids in tho molar 

proport.iOllB of G-. 5 : 2.0 : 1 . 5. at loost alee in etlQ"Zy eight c�los 

nna�sed. TOO standard deviations for a s1ngle onnlysis VJerO 1 . 00, 

0. 65 and 1 . 00 f·CIf' the molal" proportioos o£ acetiC, prop1on1.c ODd butyriC 

nclds roopect ive� .  'I'bese values were wtain0d by ropooting ODD sample 

10 times during the eoorse of nnolys1.ng some 50 S8.q)los . Decauee 0'" 
this rotoor high error, duplicate detorminatl00s ro undortnkon al all 

samples . 

Ammonla cqneentratioo: AnlDonia was deteJl'lll1Ded in 1 01. of l"UIOOll liquor by 

the bo�ic acid - hydrochloric ncid proeedure of Cclnwoy ond O'Malley ( 1942) 

usinC' potassium carbtXmte in tm outer caapartmen.t . The error of too 

cethod \7ben using the mean value fIUIl duplicate samploo mw sho\m to be 

0. 00 InS . /100 ml .  an the OO&1a of 1 0  moBIl t1guJoes obtnined hail the same 

saq:>le of l"UJOOIl liquor. 
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statistical onalwi.s of £U9i!n 1\9901" (lata: Tho basic objective in moasur1ng tho end-produets 01' l"WDElIl fermentation to obtain repreoontative daUy 

da1:a which might help explnin c:haJ:IgeB 1n m11k oc:mpoei.tion. For this zoeasal ,  

mean values :fbi' the day (i.o. moen 01 4 salJpUng t1mae ) ware usod in the 

statiBtical analyses although the pooslb1e ez1.stence a£ a large treatIOOIlt X 

time tnt8ractim was cbacked for by the eza1ld.nnti<m of diumal grapbo .  The dally means for 1Dd1v1dual cows were analysed by annlys:1s of var1anco using 

the method described by Hendoraco ( 1959) far desigDs in l1hich there 8Z'G two 

obsoJrvations (days) nested m.th!n ardmals .  AGStlI!d.:Dg antmele and 

observations arc randan class1t"icaUons the expectations of oean squans for 

Il two trentment comparison are as tollows : -
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Treatment (T) 1 

Animals (A) T 2 • 
. 

Cbservatl00s ( O) : A"1' 4 

BKpeetat 1an of mean square. 
2 2 () w + 0"0 
2 2 <r w  + 0'0 

2 2 
O' w  + <T o  

at + . 
. 

: at + 

: at 

2<J� t + 4o' i  
2 

t 2 G' a : 

Thta provides a test "lor treatllents ( l .e.  cr �  = 0) o:f T/A:T and also for dU'ferenoes among animals within troatamts of h:T/O:AT 
DiScussion: The basic errors in tbe methods of deteJ."tlinlng total V . F .  A. 

to 1nter£ere with the �r1ment81 CClII1J8.risans made 1n th1a sttq7 . Tba 

SClD9What larger and indicated the use of mean data trom duplicates. 

The sources c4 vartnt100 in volatile latty aold coneentrat1.cll and 1I'01ar 

and it was shown that t of saupliDg accounted far :from 50 to 7Ol. or the 

keepiD8 tho eows alt pt\st\lJle behoon m11k1rag sad nrot �l1ug at 9 a . Il. , 

probabq helpod to tnduce all ·cows to graze "I. a 'l'8BfJOtlably 1cag period 
thUs ensuring that the diurnal cba:Dges (fiG FlgaJ'e 3 . 3) in volatile tatty 
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snaU 1lWIIber of! degrees of � U and 2 dt. ) .  HooeVer, it proved 
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adGquate ( see Chapter 3) 1n that large dtttel'ellCeS aro required before volatile 

point of v18w. 

Tbe use of amt'i1:Inln., tot a.l volat ile tatty acid atltl 1nd1v1d'wll volatile 

11(JlOr, has seri.oua lIlterpretatlO11 11mitatlcaa in that tJ:e total ar:DDUDts 

in rumen l1ql101" volu.Ioo a.ud or rate of passage assoc1ntod with tNStments 

fatty acids 2nd their eca:lCentrat1on SA nJII8I'l UquQr ( stewart , Stewart and 

Scmltz, 1958 ; LeDg, Corbett and Brett, 1968) this may � apply under all 

fatty adds and OIlIIlCIlSa �1:J»r w1th the laOlac' pzooport1ons of 1n41vidual 

volatile fatty oc1cIs nust, tberetOl"G, c:a� be .regardod as pJ:OvidiDg a quaUtative 



3 . 1  INTROW(""1'ION 

The object 01 ExperimBnt 1 was to anmtd tie ran(P o£ ryegl"t'1aDeS tba t have aboady boon � for nutritive value (see section. 1 . 1 )  by 
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Tetraploid fJeS.tern 'WOlths 'iiQS deve loped  recently by Grooolanrls Dlv1s1on c4 
tf..s/ • .1 D . S . I .R . (Barclay� 1966) and because th1a variety p1:'CXlucos 0. bigh dry me.ttea" 

yield per acre it 16 a poosible alternative to Paron ryegrasa , fran an agranom1c point of v1.aw. 

lower 

Qlt 111 June (W1Dter, 11) aDd Octobor (Spring, S) 1966. In �1aIl to the lnetating CCJI'8 tlwee pGUe of DCD -laG. ;tiJIg cars wl-th l.'UCIeJl ttstulao 



3 . 21 AniliBls and des!e. : of �S 

Eighteen. Fr»slsn COWS 1I'hieh had calved abot.l't two l'OOID"ths previQJ8� 

were tratlSf.-e:rred f'rom a mtl-em of pastum. bay and s11age, to :tul.l past.ure �eodi06 on 7 J\me 1900. The COI.VB wezoe blocked on the l:ftG1B of m11k yield, 
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end, G1 17 JUne. 1966, covs w1:thin bloeks were a1locatod at random to the three �s groups . The dura� iaD. of tho esper1ment was two weeks, dur1ng 

which the cows 1D the t.lWeO �PB wore always given sufficient pasture to 

ensuae fUll teed1Dg. 'l'b.1s was ach1eWd by pll'OV1ding tllo CGW6 With a hesb 

break .- grass, tw1ce dally b8 using an electrlc fence. 

Twlw painJ of � t1r1ns wze used 1n the spring experiment 1n 

n balanced 1ne:oq)lete lUook destgn (Coc:hmn and COx, 1950) .  ''!'be nrajcrity 

Gl the twins were Jel'8e,ya or � CI'06S Bnia.1s, and all bad. eal.'Wd in Ju1y 

or Aquat 1966. -r.b,e, Pl'&1\mtnaJ'y peJ"1od witb aU CC»'s graztng mixed pasture 
CODIllPuced 011 18 Septeml:)er n.OO the eaper:t.mental �s feedi33g period � three weeks C<IEDaI'lCed CD 3 0etd.Jer. 

3. 22 Pa.st� 

The ParO£l aa:u1 Westem Woltbs � \liel'e sown in paddocks 2 , 3 , 4  

and 6 as pure S\YB.rds ("!'able 2 . 1 ) .  ScNtJ'lgB 1I8'I'e 10 April;. sad because 

tJ» paddQeks used bad prev:lewJl;J carr1e4 a POl'l!laQ8Dt m]Wd pasture swam t. a mDlller f4 � and t&rtll.1ty na h1ah, no D1t1:Ggon top..dreBs,1Dg was appl1ecl durl.JJg t.be �tB. 'The pul'e S'fIUdS a£ Buawi � used ('Tabla 2. 1 )  bad been � w1th 8lllpbate of 811lJllC)DSa �ar a DU1!beI' of 
)"9Q1'S QDd 1 at .  of &U1phate c4 1& per $41'9 was appUed 'two to four weE" 

prlG1' to the ¢emi'" . t of each �lDIant. 
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U�e: Sanpltng and analyttcal methode were as c'leEJe:r1bed in 2.4 and 2 . 5 

except that � V1tts, determ1Datlons of organic mattor digoStlb1 1ity re 

also made. 

In vitro dlgut ib11i't;x: The ground 88qlles at herbo.ee 0000 far cbemical 

onnl.ysos were also used to estimate c11gest lbil1ty . The !:iethod used wos 

toot of TUley aDd Terry ( 1961 )  where c:entrifug� was replaced by 

filtration and organic matter we used instead of dry matter for digeStibi11ty 

ealeulat10DS .  A separate SJ! Itt.!9 fermentation experiment woo carried out 

for each � the grazing exper1mants. WltbtD oneh ezpor1mant fwr 0. 5 g. 

SDq)les of oaeh grass e digested togetlP r 1n tho tor bath . In addltico 

four replicates of a $tsndard gl"ssa sBq)le 1tb a known !S y.1� digest ib1l1ty 
( 69. �) and 1'our ftblanks" coota1ning I'UlllJD U.... (Illy, were 1Dcludec:l to 

provide 
"

correctiCll 1'actoro
" 

for the f1QImoIms. Rw:rm U<IlOl" vas ob'ta1Ded from 

a 1'1stu].a.ted COt'I wb1cb had beeo graz1Dg mixed pasture and bad been starved 

:l)r 12 hours in order to redue tile plaat residue tB tbe rwam liquor b1nnk:a . 

11 mean rosults we.ro "ea:recuJ' in an additive maDDer using os a basis tho 

dUference bo1:wem tile mean data obta iDed aD the standard grass saJII)lo, Wld 

it lmo� in vivo valuo (sec �dtx 3.3) . 
�: ttilk yields 

taken frem 1DdlV1ctual '*" twice oach 

takan fl'OD two cows CII1 each of tho 

th treaaonts on two CCIlBeeutlve c1a)'S duriDg tho seecmcl � of both 
exper1ments .  Saq)1es were obtaU3ed and analysed o.s deGCrlbed in 2 . 8. 



TABIB 3 . 1  

No, of amp 100 

Cr . protoin (N • 6. 25) 

Cr. fibre 
EtlWr extraot 

Nitr -fr . extl'aet 
Solub! sugars 
Dry matter ecntoot 

Chemica l analysis ( on  a dry ontter basis) and dry me.tter 

content of three ryegrasses uoed in Experiment 1 ( standnrd en-or of mean) . 
Winter axper1ment Spring exper1ment 

western Po.roa Ruanui Western 
Paroo. RuaDui 

i70lths tlolthB 

2 2 2 4 4 4 

27. 6  ?"s . 4  28 . 8  15 , 3( 1 . 4 )  17.4( 1 . 0) 1 7 . 8( 0, 6) 

12 . 9 13 . 5  15. S 18. 6( 0. 3 ) 19 . G(O. 5) 22 . 1 ( 0. 4 )  

5. 9 6, 4 5. 7 5 . 8(0. 9) 5 . 8(0. 5) 6 .4(0. 6) 

9 . 9 10.4  9. 1 9 . 9(0.8)  10. 5( 0. 1) 8. 5( 0. 4 )  43 . 7  41 . 3  41 . 1  00,4( 2 . 7) 46. 1( 1 . 7) 45 . 2( 1 . 4) 
23,5  20. 6  18, 0  24 . 8(1 . 3 )  20. 7(0. 7) 18. 3(0. 5 )  

14. 1 13 . 1  18. 2 1 0, 6(1 . 9) 1 0 . 6( 2 . 0) 20. 8( 2 . 1 )  



. 9!! 1!2.dz wey,ma:  Intlivtd:ual OCJW!S were weighed eaeb Friday a.t 9 a. m. 

dur'ing the pre UlId.nary .and �tal periods of too sprine experiment . l'ielgbts W&:r& recorded to the nearest 1 lb. CIIl the seale . 

3 . 24  8tattst iQal annlYS!m 
The milk yield nnd coq>oSit1on d.'!ta were analysed by covarian<:e 

analyses (Appendix 3 . 1 ) .  Tho rumen U.tP)r data \mre a.."'m1ysed by analyses 
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of variance, an El!ZBmple Gf whldl is given !on Appendb 3 . 2 . Tho in vit.ro 

digoot1b111ty dnta given 10 r�nd1.x 3 .3 were also analysed by :analyses of 

variance. Tho s ignificance of tbe dl��ereDCeS bet:ween tho menn values for 
the three r.yegrasses was detal'lll1ned using Duncan's ( 1955) Ulltiple range test . 

3 .3 RESUm'S 

3 . 31 '!eeript teD !! tbe p!!turea 

At the camaencomant of the experiments the western Wc>l ths and Paroa 

ryegrnsses were bet 10J.n. and 14m. Mgb and the Rnanui. OiD. to Sin. 

Tbe chemical �it 1oDs  of the r,egrasses are gl von in Table 3 . 1 .  In the 

winter the .CI"Ude � lbre ccmtent was lDDe8t 1D lVes'tern \"'IO-ltoo , intermedinte 

in Paroa and h1gbeBt ill RuaDU1. The total somble sugar content of tho 

ryegrasses varied in tho reverse order to that of fibre (WW > Paroa >  Rtumui) . 

The � other 411fft'QQCe (]f. aay great magnitude, between the ryegra.sses , 

was the ll.i.gher dry matter contmt _ RuoDui ryegrass � with the other 

two. 

During the spr1Dg esportment the proteiD levels were lower than 1n tbe 

vTinter eKpOl"i:ment, and varied amoag the varieties (m1 <: Paron <: Ruanul) . 
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TABLE 3 . 2  The yield and COI!lPOSit lon o£ mUk £-rom cows grnzinU three 

ryeg'rnsSGG : adjus'ted _an lues for exper1mantal peri.od . 

Signif icant 
Western 

Paroa Ruanu1 
S . C . differences 

lbltha 01 means 
( VJ1'i) ( P) (R) P < O. Ol P < O. OO 

17U1�r oxprimont 
Ullk ( lb. /cow/da.y) 31. 7  37 . 9  32 . 6  1 . 97 - -

Fat � 3 . 84 4 . 18 4 . 19 0. 00 - WW <P 
Vn1<R 

Fat ( lb. /cow/day) 1 . 43 1 . 60 1 . 35 0. f17 - -

Sol1ds-DO�-fat % 8 . 54 8. 65 8 . 39 0. 00 - -

Sol1ds-not-fat( 1h. lew/da.y) 3. 23 3. 23 z . n  0. 17 - -

Protein % 3 .42 3 . 51 3 .48 0. 07 - -

Protein ( lb. lCO'J/day) 1 . 27 1 . 34 1 . 13 0. 00 - -

Berg S!!§P!1"!pm* 
Milk ( lb. /cow/day) 30. 5 30. 8 29 . 2 0.45 - -

Fat % 4 . 6'1 4 . 17 4 . 72 0. 10 - -

Fat ( lb. /CCM/dny )  1 . 30 1 . 40 1 .34 0. 00 - -

SOlids-not-:tat % 9. 1 6 9 . 00 8. 74 0·. 07 fI1'1 > R P >R 

SoU.ds-not.-fat( lb. /cow/day ) 2 . 16 2 . 75  2 . 14  0. 00 - -

Protein % 3. 00 3 . 61 3 . 49  O.� - P >R 
\,1W > R 

Pt:ote1D ( lb  . /cow/day) 1 . 09  1 . 00  1 . 01  0. 00 w\1 > R -
'.P > R  



TABLE 3. 3 

Moan 

S. E . of means 

Significant 
dlfterences 

P <  0. 00 

P< 0. 01 

In vi� organ1.c matter d1gcstibilit 1es of the 

throe ryegrasses used 1n ExperiDDlt 1 .  
171ntcr experiment Spring �1Dant 

\ !estern Paroa(P) RuaDUl(R) tam 
Perea Ruanui Wolths( WW) Holths 

83 . 52 80. 18 80. 54 71 . 53 70. 47 68. 97 

0. 33 0. 82 

- -

i'/i'l> R m7 > P ... 
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The crude fibre lwals were higher in the spring than in the winter but the 

1'7GgI'Qsses ranked 10. the SWDO ordor. The soluble sugar levels were s imilar 

in the two expel"imants and varied 1n tho same order in both CarJe8 

o m;::. Pnroa > Rua.ud.) • 

The mean in vl tro org�nic matter digeatibll1 ties for the three 

ryegrassee , in both expor1Dents , are given 1n Table 3 .3 . In the winter 

experi.m9nt the value £or Western t10ltbs was s ignificantly (P < O. 01) hi.gber 

than the values for t he  other two varieties . In the spring oxpor1ment the 

digestlbl11t1es were about 1 0  units lower than tbose 1n tlte winter experiment 

and a lthough they were ranked ( WW > P :> R) in tIle reverse order to the crude 

fibre values the differecees betwO€lll the were not slgnUicant (P > O. 05) .  

3 . 32 Milk yield and � t1ul 

Ulnter g!RE!r1ment: The mean data tor milk yteld and CQtlpOsition , sample day 

by sample day , are presen� in Figure 3 . 1 ,  and the amn values for treatment 

tlJ"OUps, after adjustment for pn:t l1mlnary per1.od d1:f terencoa , are given in Table 3 . 2 . 000 an S1dftlred frail "grass s taggers
" (hy�saam1a ) whUe 

grazing Western WoltbB ryegrass aDd subsequently died, 00 that the results 

for tll is group azoe the mean values for tba J'EMIlBtning flw cows .  

The milk yields fl'om tbe 1 tern ltbs and Paroa groups s1mllar, 

and both higher than that freD the Ruanul grGUP although the dif'ferences 

were not s1(pl1�1cant '(P> 0. (13) . The butted'Bt percentti.IgG of the milk hom 

the Western Woltba P'OUP WS slgn1tlC1:Ultly lcNer ( P < O. OO) than tbose freD tbe 

other two grwps . Butterfat yield was lleIlce g:re.atest 1l'ta the ParoG group, 

intermedlate frem the Western \101tbs pcup aDd lowest free the RU8D11 grwp. 
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( T h e  f i r s t  t w o  s a m p l e s , m i x e d  p a s t u r e  f e e d i ng ) . 



TABLE 3 . 4  flIlUlySOO an the l'UtD1 l1cpoT fran three pairs of twins fed three 
ry egrooses . 

.- .. 

Total V . F .  , ... . t-!ol.o.:l' Pl"Oport ions of V. F • A. 
m conc . -- . 

Treatment Cow (mg.M/lOO!ll. )  PI cone .  Acetic Propionic (dVl 00 1'.1l. ) Butyric 
-

liint2£ �:l.ment 

West . l1olths( mn 15 29 . 14 6. 25 9 . 88  00 , 13 23 . 84  1 7 . 03 

Ruanui (R) 1 0  43 . 57 6 , 34 1 0 . 80  00 . 45  IB . 81 1 7. 74 

Wost . \1olthG 50 44 . 04  6 . 34 1 1 . 38  00 . 88  21 . 90  18. 22 

Paroa (P) GO 53. 99  G , 20  12 . 78  64 . 35 20. 00 15 . 65 

Pnroa 121 50. 34 G. 27 1 1 . 50  64 , 35 20. 51 15, 14 

RuaJlU.1 122 51 . 05  6. 30 1 1 . 81 00, 00 17, 76  1 6 . 21  

TrontIJGnt dl£f. m7 <R 
slsnlf. at $ almost - - - mi> p -
1 vel sigilli' • 

1% level 
ii't: < n m7> R - - - -
fJU< P 

S2£1.I!s !!I!!r1nml-t 

t ,  Yoltbs 1 30. 0 6,30 10, 90 67. 2 20, 2 1 2 . G 

Ruauui 2 37. 0 6,48 10. 49 OS , 9  17. 9 13 . 2 

Paroa 29 3.8. 9  6. 40 1 1 . 24  00 . 8  18 . 6  12 . 6  

i1es t . flot thS 30 24 .3 n . 35 9 . 67 GG . 7 19 . 2  14. 1 

p8.J'O(l 119 37. 9 6. 44 10, 00 70. 1 18. 3 1 1 . 6  

RunDui 120 36, 8 6.50 1 0. 67 ag. l 18 . 9  12 . 0  

Treatnen.t d11f . tJTl <R 1enU . at � - - - - -
leval 

Wll < P 

1% leV< 1 
Wt7 < p - - - - -
f1'l7 < R 
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The solids-nat-fat percentage in the milk aDd the solids-not-fat 

yield produced by the Ruanu1 arotlP was lower than the correspotld1ng values 

for the other two crroups but the differences were not Gigni£lcant . The protein yield was lowest frcm thB Ruonui group but the difforences betwoen 

grwps were not significant . 

The milk yield and compoa it i011 datu for tho spring 

gr:mtng experlmen't are presented 1n Figure 3 . 2  and too adjusted data in 

Table 3 . 1 .  The milk yields , fat percentages tUld fat yields for the three 

groups were VGXOY simil.nr. nowaver, the solids-nat-fat ;md pro-tom 

percentages _re highest for the Western l'Tolths f.tII'CJUp, intenoodlate far the 

Paroa group and l.owest for the Ruanul group. For both the se vnnables the 

differences between the values for the Ruanui group am the other two 

varieties were stnt istieally significant (P < 0. (5) . In o.c1dltion the protein 

yield from the Ruanui groop was reduced S ignif icantly (P< 0. 01 ) .  

3 . 33 Characterist ics of rurtl!ffi 1.1CJ!1� 

The mann pH, volatile tatty acid coucentrattons , a.J::!IllOI11a concentrations 

3lld molar proportl00s � individual tatty acids in tl:1e rw:nn li quor t aken 

trom the three p 1rs of twins grazlllg the ryegrasses in tho two tllq)Ori.Ioonts 
are giveo in Table 3 .4. The s�f1cance of the d1fforences between mean 

vnlues obtained tor ryQgraBS tnmtments is also 1ndlctlt.ccl . In order to 

lllust�to the varlntlcm present w1tbiD the mean data, diurnal var1at klos  

ill vola-tll.e fatty ac1d and ommoaia eoDCentn.t1Gns tor individual covs grazing 

the throe l")'OgJ'BSses during the winter and opring experiments bay baeD plotted 

in P1gure 3.3,  and the diurnal variations 1n the molar proportiaDS of 

1J.I41vidunl vohltile fatty acids in the winter esper1man-t 1n Figure 3 .4 . 



III the wiater experimnt the MllllClDi.a concontratl()m in. the l"UIIlBIl 

U.quors fran the ecws � West&rn WoltbS ryegrass follov1ng the �t of srazSDs, \VM'e eons.1derab13 lever than tba �1Dg 

ccmcentratlons obta1Ded from tile cows grazing tho other ryegrasses. 

There were no eonsistent d1ff'erenees between treatmants for pH Ol" total 

volaU.le fatty acid cooeentratlou. The molar proportions of 1ad1v1dual 
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tatty acids 111 the rumen UquoI' prodttced !rca the three l'Y0Uf"GSSeB , however, 

d.1tfered mal'kedl;y, Tbe mean figures tor the two COWS an each of the 

ryegrasses wesoe: westem Woltbs 59 . 2 ,  Parca 64 .3, RuanuJ. 64. 8 fer acetic 

acid and 'Westent Wolths 22.9 , Paros 20. 2 uad Ruanui 18 . 3 for prop1on1e acid . 

The result fer the sprtDg exp 1meut followed the S8l!IB pattern as 

tlxJse fer the wtDter expertment .. cepe tbnt 0.11 the B.1'iIDOIlJ.a 1&vcls were l�, 

aDd the molar propo1"t1ons of acetic acid higher aDd propt.on1c acid lcaer, 

than in the prevlcus exper1ment . '!'be ClI'1ly t tJDEillt dttferanoes to reach 

ryegns� for IllIpl!'Qljn ooneontraticm mel for tbe _� praportlalS of acetic 

acid (P< O. Q) • 

3.34 P94.Y we1sbt 

FellGWf,ng the traDsfctrGnce CPt t cows f'rom axed p8S'ture :feeding to 

the ZOYegra8S beatments ,  the CO'Ii8 grazlDg west t101'tbs J'YSgrasB apparmtly 

gained 4 lb. body weight (mean 01 three, weekl:J wo1gb1ngs) . Tb& eor:respand1lJg gaiDB by the _ grasing Pana aIld __ 1 . 11 lb. and 20 lb. 

� pecttveJ;v. � "'J3h't � b¥ tbe tbree � at cows fol� 
t .  cbange back to tho IId:ad pa � t the CfCII1)letloD _ the oxpeJ:'1IDnt 

ln the  reveme re!at!.ve 0'l'dH' ( UDrl Iths + 14 1b • •  Pa1Cl + 12 lb . •  1blaDU1 + .4  lb. ) .  
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3 . 4  DISCUSSION 

Tho ryeerasses examined gave a range o.f wluoa fO!!" crude fibl'O , protein, 

and total soluble sugars �cb vms greater than that obtained in previous 

experiments , (Wilson and McDowall ,  1966), so that the oriainnl objective of 

using add1t:l.ooal ryegrass varieties to provide grenter extreJl.lJeS in cbam1cn.l 

composition was acb1eved . These variatlCDs led to vorioos stati.otically 

slgniflcnnt Vl.'l1'ia tiona in milk caapos1tlcm which W&ro nlso o:f a greater 

magnitudo than those obtained prov1ous1¥. 
Wlnter exm1mmt: During the winter experiloont too three CJ"wpB of oows 

produced either different y1 lds of milk, or mUk with a d1:fferent ccupositton, 

wben offol"fiKl unrestricted aocess to the ryegra.sses . The milk yields fran tbe 

Wostern Woltbs and Paron gJI'OUp8 were si.mUar, rut tho butterfat percentage (P < O. C6) ,  aDd hence the butt�at yield, was � � tOO Western 'rlolths gE'CXlp. 
tlostem Uolths d1f'� from ParoB in tbnt tbe crude fl1l1'o content of the 

dry matter W8 laYer and the total solublo SlIPI' contont throe pereent.age un1ts 

h1gber (Tob� 3 . 2) .  This dU�eraoee in the ro.tio of readily Bva1lab1e 

earboh,ydratae to tbo "t1bratS b-act1aD" probably a.ecountod £ar the higher 

proport1al of proplca1e acid and lower �1tm c4 acetic acid 1n the rtDIr.IIII!l 

11<1lO1" (T ble 3 . 4 ) ,  and is in �nt With the results of Tl:ll.&f, Denaz 

and Ten7 ( 1 960) Who tOl.1DCl pasltiw conelat1Gl botwoen tho soluble carbo�drate 

coatent aI. pastm:e and the proportlcD of pop1tJD1,c acid .  'l'be rel.ati"'� high 

level o� prop1on1e cSd and 10Il level of acetic c.1d in the I'UID8Il liquor of the 

COfIB grazing Western Woltba pJ'Gbab� - pclI1GbJ.e for tbo depressed 

butterfat pereentage 10 the milk produced by thoso cows . This cc:mcluslon 1& 

SQ88H'ted by a I1l1IDbor of exper.iJblmts in which deprese1dtJs in tba buttorfat 



content of milk b.."f.VO boen ab'bl1ned 'Illben cows 80M ted di.eU 10w in roughage 
and higb 1n stas-ehy conoentratos wbieb aloo lead to loW acetic and h1gh prop1on1c acid proportlc:os in the rumen (e.g.  Ba1ob, Baleh, Bartlet , Cox 

and Rowland , 1952 ) . In additiCID, 1Atra-rum1na1 infUs1ons of prop1.<n1c 

acid have led to reductions in the buttarfat peroentane of mUk (Wilsal, 

Davey and Dolby. 1967) • T�J"Q is, ho'l!llB'VeZ'. as far as the au tbor ts aware, 

cmly (De previOUS roport of � :tat percentages in tdlk. i4lich may be related to cemp001tlon changes 11\ forages (McClyIam.'t 1950) . 
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The low milk yield obtaiDOd fraa the cows graamg Ruanui rysgraas during 

tb'0 wtnwr c:aperilllant 1s difficult to ezplatn fl'am tbe vnr1nl),1es measured, 

but it is 1n 1tne Wi tb results :tram a .pntvialS ccperi.men't in which Ru.aoui 

was ecapa.red with Manawa ryegrass (t'l11scD aDd !4c:Dow.ll, 1 � ) .  I n  view e1 

the smll dU:t� Sn OZ'gaDlc ma-tt&r dl t:1bUlty (Table 3 . 3) the DDSt probably explanat1U11 is a 1owored VOlllil:tary intake OIl Humm! � .  It 

is well estab11abed that a I'eStr1et1oo tn the level of foed1ng lsada to 

lOwered solids-not.-fat porcentages tn mlUk. and this occurred 1a tbe present 

ex;per1meDt (see also 1 . 65) . 

§pr.lM !!p!r1lir!!t: The butterfat eontent of tbG mi lk  produced by the 

Uestem l101tb8 group in the sprtllg experi nt wus ntJt r«1ucod. Th& U'UdIlI. 

fibM CCIlteut of tbe. ryegra88 appraxlmatel)' fa h1ghw � the spr!Dg 

�1l't ,  whicb could � , .. the high.- acetic acid and loJer 

pl'Op1.enle aelct p-roport1.cDs in tbe l'UII'IiII'l 11 ctUOI' and beDee tho 1 ·  of a 
redltetial sa fat pe!'COnt agl' .. 

111lk ylelda aid but�at � Wft 'nl"Y a1m11al" duFJag tlle apa1.ng e:zper1amt . no�, the soltcta-DOt ... ta:t cantent of tho milk prodUced 

by the Ruanui sronp. wns tdpUleaDS17 reduced (P < O  .. 01 ) .  Part at thtB reduction 'IIfBS aeco.mtod for br a reducU_ lJl the protein percentase bat 

lactose was probablr also "educed.. 



A dl£f-erence of 0.42 pareantnce units in solids-not-fat pGll"Centage 

canoot be expla1ned entirely by a change in the plane of energy nutr1t1.al, 

as the m1lk y1.014 of the Ull8D.J1 gJ'Qlp tmS � slightly lower tl»n that 

produced by the UestGrD Wolths group. 'l."l1G b::M3y weight chOll6GS obserVed 
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in the spring espertmBnt cannot be used to CCIltribute t owards  tho evidonee 

tor or against underfeeding of the cows graz1.Dg Ruanui �graoo as tba 

experillDnt was very short and t�refore the voight ehall(,-eB were prol)t;bly clue 

to dttferences 111 digestive tract 
"

f11l
n 

rather than to true d1fferonces 

in body we1Sht . Hence the high apparent body woight gain made by too eroop 

of. cows grazing Ruanui ryer;rass was prmably due to a slower rnte of passage 

of digOOta bl"OUgbt about by the higher crude fibre contont and loiier 

digestibility of this variety of ryegrass . Expenment al evideneo supporting 

tM.s suggestion bas boen obtained us1Dg sbeGp by Johns at nl .. ( l D(3) . 
While there 1G evidence freD �1on experiments thnt variutims in the 

prqlOrtion of propionic aoid in the l'WIJen ltquor arc associated witb variations 

in the sollds-not-fat percentage in the milk (i11lmon ct 0.1. ,  1967) , it seems 

unlikely that the 1$ to 2% d.1.ttereD.ce In the proport1ons of propialic ae1d 

produced by the COWf3 CD RuaDt'tl and Wes-tem Wolths could produoe the observed 

reductions in solid-not-tat percentage. The possibility that tba relat1ve� 

low levels of propi.onic acid proc1Uced by the Ruanut eo.-I'S wera at least partly 

reBpaos1blo t� the reduced eoUds-not-tat cannot ,  howowr, be ruled out. 

Tlw rela-li\1Qly high level of soluble carbobfdrato in the Weatorn l101tbe 

was probably respoas1b1e tor the lowB" ammonia CCJDeGl1tl"llt100 in the rumen 

liquor (Fig. S . 3 )  nltbcx1gh in the SpI"1Dg experiment the lower level of protein 

in tbe ryograas probably also CODtributed to the lowor o.mrnan1a levels obtaiDBd. The dUference in the l'WIIBD lJf!EJCmia conceatrati an tlUfmest tbn t lntoractlO1l8 

between the level of readily ava1lable carbohydrate and tIle level of protein 



oould a:tfect tlle utUisation of �ein and b.ence tbe protein content of the mUJt. Chal.mars and flar.sha U  ( 1 964) .. 1'Ol' exaq;>le, hava dm;wms.trated 

an 1n�e relntl00aiUp between J'UJlKlI'l RllDCldn levels aoo nitl'Q8etl l'&tent1anl' 

and Hood and P..ooli ( 1 957) have smwn tbat added starch is &1'feetlve in 

controlling the urinary wastage at nitl'Ogelll. 

The separate ef'tec'ts o£ a sUghtly loInu- plaoo o:l energy nutr! tion 
and. a higher ratio of acetic to prop.1CDic acid 1D tbe I"UI:Xi!in liquor sean 

UDllkely to explain the 1owezrec1 sol.lds-not-fat levels obtn1nod in the milk 

from tIe Ruanu.1 gJ:Qlp, and tm importanae of the ratio of so1ub�e ear1Job7drate 

to protem contents 10 too pe&turc in possibly affecting SQ�1ds-DGt-rat 

COlltents clearly a.vm.lts further oapertmEmtattoa. Booev9r r ale poes1bllity , 

tbnt JlUst be borne in mlDd, is that t or mere of tbese foetors actiDg 

oynergisticall¥ � have pl'Oduoed the oboerged effect . 

S. 5 SIlMMARY AND Caa.tJSIONS 

TetJ'!tlplold Wi tern Uol.ths, ParGa , 0D1 RuaDui ryegraB9GS WtU'& � lD 

t8I'IiEI o£ their etfec-ts OIl milk yl ld IUId coJDpOB1tiGl. A winter and a .8priDg � W&� carried mt . 

During the winter azpertmant , when � ot Fr:f.os1:m cattle \Ii8re U 

the cows an Wosteftl Woltbs and Par.oo. ryopaesee produced s1ta1lar 11 lds o� 

mUk, but tho milk f'l!am tho WostOl'll Wol'tbs group was slgn11'lcantly lG&er (P < 0. (8) In bUtt �at porcont tbllll �t ftaa tho other proaps. This 

zoedUet:f.on as CSSOCinted with a deer pzoport1on at aeetle acid and an 

1DcrGased PlCJpOll't1cm of propi.oD1e acid m tlle rumen liquor. It was 

considered that those chaDge8 1D 'I'UIIIDI'l liquor, brotJSlrt about by a bigh rat lo 

of soluble oaJ'bohydrates to clUle f1b:re tn the 'Mastem Wolths ryegrass, adaCJ1atoq e-s>la1tled the rodue't:1al ill fat percentage obtaUwd. 



In the spring experiDeDt , WlleD lactating �gous twin cattle 

wore used, milk yieldS and butterfat pere0lltages were similar for the 

threG groups, but the protein and "solids-not-fatr-protoin" contents of 

the milk produced by tl:l) cow grazing Ruollui ry�D trorG Bi�f1.ca.ntly 

depressed . No adequate explonation £ar the roductialS oould bo 

suggested and it was decided to design further expcrw.onts to OXlun:ine 

the possibility that iDteracticms between the leval of availablo carbohydrato and too leve l of protein in pastures nay nffoot the 

utiliznt ion of protein and hence influence the protein content of Dilk 

( see Exper�ts 3 ,  5 and G) . 

45. 

The data fram these experiments have been p.lbl1shed (tiilson and Dolby , 1 9(7) . 

Samplos of blood wore also. obtnined at regular intervals from the 1ndiv1dUB.l 

cow used in these experiments and analysed tor t:r1nGral eanpoo i tion by 

D. S. I . R . stdf . Tbeso data , Wieh do not form part of tbe present study , have also been publlalled (Butler and 1r1at�, 1967) . It is rolevant , bogever, 

that t1Je CGVS grazing RuaJIlli ryegrass bad lower blood IIl331l9Bium levels than 

tho cows gnz.;i.Dg the aunoal var!Dt 1eS .  Too poGslhi.U.ty that �o.em1a 

� 1DduCG changes in milk yield or coqlO6itiOll, tberofore exists . lloWeVer, 

as it 18 probable tho. t otho-r tnctors such as level � feeding which �teet 

mUk �:ltlon ,ill also· affect blood raas:nesiuJil levels, the association 

between the two variables 18 unlike1-y to be 11 casual relationShip. 



EXPERIMENr 2 : MI1Z PRODl£TION F.Rai. aUlUlUI 

RYEm.4SS NX TWO STAGES OF mOVrtI . 

4 . 1  INmODL(�l'lON 

46. 

Pre'V1ons EJXp:Gl'1n1ents (aee 1 . 2') suggest tb.'l t wlI'intiona in stuge oi: 

gro.yth within ryegrass vnriet!oo have a cCIlsiderablo effect an the nutrlti.w 

value of pastures . In fact there is considerable evidence ( e . g .  Arnstrong, 

1964) that differencos in stagG of growth a.re moro importQnt as a SOUJ"Ce � 

vnriation in nutritive value than dU'ferenese bGtweeIl species . 

Tbis GXper1mon.t was undertaken to examine the ef�eet an tn1.1k yield ond 

eoqlOSitiOfl of caws graa1.ng RtlBDUj. ryegrass at two stagoo of gra.rth. Ruanui 

ryeerrws was clcsen rather than any other variety for a. number of reasons . 

First , it woo considered that this ryegrnss probab1y dU'forecl to a greater 

extent ebemie:llly, with stage growth, thnn the less pernistent varieties . 

Secondly, it provided the opportunity to exam1De fUrther tho possibl11.ty tbnt 

the pt!Oduction dUferences ObtuinBd between Manawa or Aril:! and Ruamli 
ryegrasses (Wilson, and mc.l)o�U)l96G) may have boon asSOCillted with tho � 
of the Rusnui ryegrass pasture at an above-opt1I:llm graz1ng be1gbt . 

A short preliminary exper1JSJ.:lnt (A) was carried out in !Iovembor. 1 964 ,  a:nd 

the cows grazing tho short ( less nnture) �rass produced m1lk which COZltainod 

n mueh lower sol1ds-not-fa't content than that :from tba CorlS grazing the long mnture ry&gl'tlBS . A secaDd exper1.mmt (B) was tbare!tOJ:'e undertaken, in tIE 

tollolv1ng November, in which the number of cows used \vos 1nCreased, the m11k 

was ana lysed more oompleteq and l'UIi.1Em-f1stulatad tm1DBls wore included iD the 

expe.ri.ment so tha't the 1J:nportance of poss:lb le var11lt 1.ans in the Erld-products at 

rumen fe1"lOOntntion could be masured. 



TABLE 4. 1 

Pastures 

Date postUl'O closed 

Experi.mcn tal Dates 

Number of cows used. 

Exper1man! B: 

Pas,tures --

noto pasture elcsod 

G - 10 1ncbes lalg, 
SCDa ooedina 

27 oct .  

1 8  Aug. ( 1  cwt . ) 
14 Sept . ( 1  ewt . >  
27 Oct .  ( 1  ewt . ) 

B - 12 1nebea long t 
considerabla aeBdiag 

24 Sopt . 

14 Aug .  ( 1  cwt . >  
14 Sept . ( 1  cu� . )  

15 Nov. - S Dac .  

3 pa1rs Jemey ,  1 pair Jwt!If!I¥ X Fries ian. 
1 pair Jer8O]f Z A,yrsbh'e. 

!!H1 Rwmu! neBI'p§B 

6 - 10 1n.cbIiJo kEB. 801lI0 seelCtiJ:e 

26 Oct . 1 Aug. (1 cwt . ) 
20 8e�. ( 1  cwt . ) 
as OcR. ( 1  con . ) 

� Rt.ppll mgF9SS 

10-15 inehes kIlg, 
wry heavy seadiDg. 

28 pt. 
7 Aug. U . 5  cwt . )  
20 Sept . ( 1 . 5 ewt . >  

tore) 27 Oct .  - 12 New. 

5 paUs Jorsf1l1. 1 pau 3.eney z Fr1G81aat 
1 pair 30 rsey • Ayrshb9. 



treatment gJ'OUps ( lcalg  and Short Rnonut. �) . 'l'b& �1 dates 

are given in Table 4 . 1  toGetbio1:" with a general deser1ptiGn of t cows: aDd 

. .. 

( see Table 2. 1 )  

pa. tum. 11le dotailS of s1 von in Tablo 4 . 1  �or the 

topped jUst pr1Gr to the ckBi.Dg up Gf a padl.tock 10 OI'Cfbr to provide 

a sward � zoe . onably unUQl"f1t betstrt. 



TABLE 4. 2 Chemical ana13sis ( m  a dry matter basis ) of too ahort and long RuODli l'YG{JrnsB used :In experiments 2J\. anti 2D ( Staulard Gn'O'I' 
of mean) . 

Expor1.mant A SXpoI'1ment D 

Soort Lema Short :t.cmg 
NuIllbor O'f aamplos 3 3 2 2 

Crude protein ( Nx  6.25) 21 . 9  ( 0. 6) 1 3 . 0  ( 0.3)  18. 0  ( 0. 1 )  15. 5 (0. 8) 

Crude fibre 23 . 9  ( 1 . S) 24.1 (2. 1 )  23 .3 (1 . 1 )  28. 2 (0. 1 )  

EtOOI' exkact 5.4 (0.5) 3.8 ( 0. 1 )  3. 3 ( 0.3) 2 . 5 ( 0.3) 

Ash 10. 3 (0.3)  1. 6 (0. 3) 9 .0  (0. 1 )  '1. 1 (0. 8) 

Nt trogen-free extract 38. 5 ( 2 . 1) 50. 9 ( t . 8) 46 . 4  (0.4) 46. '1  ( 2. 5) 

Soluble sugars - - 15.4 (0. 7) 13 .9 (0.6) 

Dry matter content 16. 1 ( 0. 3 )  20.4 ( 0. 2) 19. 7 (O. G) 24. 8 ( 0. 8) 



Y I E L D  I b  
30 

28 
0--0 • • 

2 6  

2 4 
2 2  

FA T 0/0 

:�: [ � 
4 ' 5  [ 
S N F  0/0 9-4 

9 - 2 

� • 
g-O 

a·8 

8-6 

F i g . 4 . l  Av e r a g e  d 3 i l y  mi l k  yi e l � s a n d  �i l k  c om p osi t i on s  
fr om t w o  ;?; r O'l p S  0 :  t wi r. s  c r a z. i ng l on g  ( 0 )  a n d  
sh o r t  ( e )  ]u a n u i  r y e g r a s s  i n  t h e  1 9 64 experi m e nt . ( T h e  f i r s t  t w o  s a m p l e o ,  m i x e d  p a s t u r e  f e e j i ng � . 



Y I E LD I b  3 0  
2 8  26 
2 2  2 0  

F AT % 

::: [ .� 
P R OT E I N  0/0 

::: [ � 3 - 6 

F ig . 4 . 2 Av e rage daily m i l k  yi e l d s  and milk c o mp o s i t i on s  
from two g r oups o f  t w i n s  gra zing l ong ( 0 )  and 
sh ort ( e) Huanui ryegrass i n  the 1 9 65 e x p e r iment . 
( Th e  f i r s t  t h r e e  s ampl e s , mixed pa s t u r e  f e e d i ng ) . 



TABLE 4 . 3  Tho yield aOO cotlJ)OD ition of milk �rom cows grazing Euanul 
ryegraas at two stases of gro>:)·th: adjusted IOCHlD va lues 
fal: experimental period. 

P!J?Ori�t A: 15/11 - 8/1 2/G4 . 

t1lk yield ( lb . /cow/day) 

F�t % 

Fnt ( lb. /ca.J/doy) 

So11ds-not-tat % 

Sollcls-not-fat ( lb. leow/day ) 

Sbort 
gro;ath 

�G . B  

5 . 00  

1 . 33 

8. 63 

2. 32 

Exwr1Jllent B :  1 2/1 1 - 30/11/65 .  

Millt yield ( 1'o. lcOVI/day) 24 . 9  

Fl t % 5. 2G 

Fat ( lb. /co'l1/duy) 1 . 30 

Protein % 3 . 82  

Protein ( lb. /cOil/day ) 0. 94 SoUds-not-fat % 9. 22 
Solids-not-tot ( lb. leow/day) 2 . 30  

l.ozlfl (' 7" o . ,,'J . of SignU. � 
g:ro>'th moans difference 

25 . �) 0. 27 P < O. Ol 

4 . 7G  0. 1 1  N. B . 

1 . 17 0. 04 P < O. 05 

8. 00 0. 05 P < O. 01 

2 . 27 0. 00 N. S . 

22 . 4  0. 28 P < O. Ol 

4 .84 0. 1 5  U. S . 

1 . 00 O. Qa P <O. Ol 

3 . 33  0. 03 P < O. 01 

0. 81 0. 00 P < O. 01 

8. 00 0. 00 N. S . 

2 . 00  0, 0; P <O. 01  



Bl!J!.!eA "mer: Snmpl.ea of 1'WDOD ltquor were taken fmm two pa1r.S � 

flstulatoo twinS on two �ut1ve days during: the seeond week of 

Exper1amt B. Sampl-es were obtained sad analysed as descrtbed in 2. 8. 

4 . 3 

4 . 31 C!e1sal f.!i!!I!!!1.t1on gf ;tOO R!UUl'Os . 
Tbe resu1ts frca tbe ana lyses eaft"ied out 011 the pastuze sump al"'& 

gl� m Table 4 . 2 .  Altbc'A1gh i t  int ended  tmt EXport t B sboUld be 
An exact replicate � A, tho pastures used in �1"1DElrlt D �re loDoor and 

mI'.We matur.e than th:lse used ol'1g1Da1l7. 

In both experiments too lcoc (aDd m&R'e mature) pasture was lower than 

tb e short in crude protem, ether _tract , and aeh eontont, and higher in cnde ttbJ'.8 content, but tbp ext'ent � tbe c;lUfeaoences b.etweerl tl"8ntmaDts 

dUfel"Od 11\ Ute two riJElDts . Tbe clUf 10 tb$ crude pmtein 

c:mt.ent bet� troatments 10 B'.r;Ierimont 8 was smaller (2 . 5% �red With 

8.91) ,  and that for CI'Ude. fibre 1 r (4 . 9%  COO'Pored rlth 0. 8%) , tbaa tbe 

00 . P"'¢ing clUteJ:ences ill ElcperirDeDt A. 

4 . 32  Milk lielQ OS! cqppitlm . 

'I'bo adjusted data fOJ.> mUk yield and eompostUcm re given 111 

Tab ' 4 .. 3 ,  and the oriciRal t are plotted lD. Pigures 4 . 1  end 4. 2 tor 

111 . t A the COIifG gI"BZing tho s oort pastur& p� mre milk 

(P <. 0. 01 )  which W88 8Ugbt� h1Bber m but t 1'lat . centage rmd very 13100 

10llGr 1D sol1tl8-DGt-tat �'tage (P< O. Ol ) .  '!'be tH:fferenoe � the 



TABLE 4 . 4  

Treatment 

LaDg ( L) 
Short (s)  
LaDg 
Short 

'l'reatment 
d1:f"eron� 

19n1f. at : 

1� lavel 

$ level 

1$ 

Analyses an the J'UI1Id1 ll(JlGr f:I'OIIl 0 pidra o:f twins gl'Qz1iDg short and long Ruanui l'7oSW')!SS til Exper1:mlt 28. 

HIa ca1e. Total V. F. A. Molar propartiont of V. F. A. 
Cow r;iI ��N/l00 al. dVlOO 1Dl. Acetic Prop1cmie Butyric 

I S  14 . 4 6. 12 9. 23 71 . 25  I G. 25 1 2 . 50 

1 6  27. 6 6. 42 11 . 25 67. 80  1 '7. 00  14. 60 

121 20. 3 6. 70 8. 78 70.45 1 1. 00  12 . 50  

122 29 . 4  6. 39 11 .41 71 . 10 15 . 60 13.40 

S > L - - .. - -

- S :> L 

L>S 



V. F. A  mM/l o o  ml 
1 3  

1 2  

1 1  

1 0  9 a 7 
6 

" "" _-0 0- -

A M M O N I A  mg/ l oo m l  
4 0  

/' 
/' 

3 0  

2 0  

1 0  

0 
0 2 4 6 

H O U R S  

Fi g . 4 . 3  Di urnal varia t i on s  i n  V . F . A .  and NH3 c on c e n t ra­
t i o n s  of  rumen l i qu o r  from two pai r s  o f  twin 
c o w s  grazing shor t (e )  and long (0)  Ruanui rye­
grass in experiment 2B ( 1 965 ) . ( C onn e c t i ng l i n e s  
s i m i l ar for twin p a i r  ma t e s ) . 



ACE T I C  AC ID 0/0 
74 

0 ..... ..... 
...... ..... ..... 

72 --':-�i� 
7 0  

6 8  

6 6  

PR O P I O N I C  AC I D  0/0 
2 2  

2 0  

1 8  �� � 1 6  .- '- --- -- - - - - - -
- - -
- - - - -

1 4  

B U T  Y R I C  A C I 0 0/0 
1 6  

1 4  

1 2  

1 0  

2 

/' --- --.. � -- -- . 
", . - - - -0 

s::; - -

4 6 

H O U R S  

7i g . 4 . 4  9 i u r n� 1  v a r i a t i on s  i n  t h e  m o l a r  p r o p o r t i o n s  o f  
i n d i v i rt u a l  V . F . A .  o f  r u m e n  l i qu o r  f r o m  t w o  p a i r s  
o f  t w i n  c o w s  g r a z i n g  sh o r t  ( e )  a n d  l o n g  (0 ) 
Ru a n u i  r y e g r a s �  i n  e x p e r i m e n t  2B ( 1 9 6 5 ) . 

� o n � e c t i n g  l i n e s  s i m i l a r  f o r  t w i n  pa i r  ma t e s ) , 



adjusted trentJoo.nt mans for solld8-not-fat percentae;e s O.�. '!be 

oottorfnt ylcld was bighar (P< O. C6) fJ:cm the �. graz:1ng the soon 
pasture and the soUCk3-not-£at yields tid ld dUfer stgntf :.teantly. 

In Experiment B the cows in both .gI'OUpS proWeed considerably less 

milk following the chango to pure Ruanu1 nograss feeding and again tbe 

c::ows gJ'aZ1ng the sl�t past� producac1 a higher yield of milk (P < 0.01 ) 

than those grazing long pasture . '!'be butterfat pereentage in tba t!dlk 

f&'Olll the CO\\ll grazing the Sbart pasturG B�t� hi�r and the 

sol1ds-DOt-fat ODd p.I'OtDin porcont ag.es  tQsetber with the yields of all 
cODpClIIl8Jlts, WPI'0 cons.iderably hl� than the ccrrespcod1-11g values from 

the cows �iDg the laDe pasture. 

".33 �n fermentation,. 

49. 

"rhe mean (fit 'W>lat1.le fatty acid ccneentrat10D ODd az;v:xm1u 

coueeotrat.1MS 10 the rumen liquor sallples bam tm two pairs of fistulated 

twins whicb grazed tho two types of ryegrass iJl Ex:per1r:Dnt B are g:lven in 

Table 4 . 4. ThOBe differences between ta"ent:mult means whlch reacb3d aign1fieance are also indicated. Tho cU.umal varinti.cl1s 10 volat.ile fatty 

001. , flJ!l!XlDla ecacentrat lat and molaz' p�t1aGs o.f O;ootle, proploni.e and 

butyrlc aclda aft Ulustrated in Flgues 4 . 3  and 4.4 . 

The saz'!l)les of D.mIIm t� troll the two CQWS graziDg sbOl'1; pastuJ'e bad 

lGwe.r IiI (P < 0. 01 ).  rmtl eonta1Ded b1gher ,CODCODtratioJlS Dif MIl'OJ)j;l (1" < O. 10) 

8DCl total volatile tatt;y adds (P < O.OO) tlmn 'tbe CtQ'ftecpomU� va1ueG obtained. 

b'OIll their twiD tea � lcag pasture. The metUl coler pl\OpOl"t1<ma of 

acetic, PI"OPi.ozJ.J.c and bu'ty1'1e acids 1D tbe rumen Ut,'lUOr from iJxH.V1dual c 

-.ere all simUar. 



4 .4 DlSCWSION 

In both espenments the ClOVIS � the abort pasture prodUced more 

50. 

mUll than those on the lc8lg pasture. The JD1,lk yield dUtQftlDeeS obtained 

be'tween ryegrass wl'ietlos in previous exper1ments (W11son and McDowall, 19(0) 

might thoretore have been smaller 1f the Rwmul ryegraBs had been grazed at 
a sborter stage of growth than the other two vari.et1e& . 

'lbe outstanding featuz'e of the first experiDDlt (A) W'I1)8 tho 81.gnU1cantly (P < 0.01 )  lowor sol1ds-no't-t'at porcentage 111 tbe 1Id.1lt � by tho 00II8 6'f'Sz1ng tM ehort Ruam:d l")I'&g:raBS . tWOI"t1.mately, protein B.1iJd/or lactose 

pel"CeJltages 111 milk ' re  not ' erm1D8d in th1s �t .GO that the 

f�act1Ql of soUds-oot-�at 1Dvol""-'Cl 1& tile change could not be asceJ'taiDec:1 .  

Cbanges in 8oUds-not-fat pe1"CeDtago o1 'tbo  order obtaiDOO :In tb1s � (O.3(Z) have snev1aIs1¥ been obtained CDly after recluct1Qrm in tbe 

� 1D(J level of (lOllS. or by using feeds CODtaiDlDg very lcrl coneentratlQDa of 

protem (see av1ew 1 . 55) . Althcugb the chanse fftXll lIJixod pasture to Bunnul 

� d1d mvo1ve a reduetkD in the plnDs � DU1:rlU.ClIl, 1Dd1ca-ted by 

the � 1ft mUk yi.eld (Fig. 4 . 1 ) ,  tbe .faet that the CO\m gI't1ZiDg short 

latg pastore tDc:ikated tbat an Bddltlcal factor. apal"'t nan tGOd1Dg 10 1, 

.. respansib , tor tho low soUds""llOt-.fat ntage obtaSDOd. Tbis factor 

Of the cbaractezoi �1CB 1DG8BUl'8d, the eooteau fII. Cl'Udo p.I'Ot.ein and &� extract 

'" tbo slnl"t �ss, &ltd tbo 1 18 c:4 Ditl'tJ@3ll-boe extract W Ire comd.dorably lower th the CI':IlT pcJIDdlng values ta thG lGns !7�rnsa. 

ID 

oNer Q.S tor tb& ft.rst oxpe.1"� t bUt tho depre8S1cal ill tbe mllk 

2!0 IIllch glOater fellow:l.ng the chao8e to pure �as teading. In 



ccmtrast to Experiment /4" the sol1ds-mot-:tat percanto&n :in tm milk 1n 

til is expo'l':lmmt was htgbar from the short pastUl'e tbsn ham the kms. 
The pastures m B ware' lorIger and more mature than tboao u'Sed m 

Rqler1ment [1.. This was ref'leeted 111 tbo lower cmtm-t of erude protei.n 
in both ryagrasses anrl the areh higher lovel ot crude fibre in the 1atg 
ryograss m �rimalt  B. Tbe loDg r,yegrass would be expected to be of 

low digestibiUty 111 view of the high crude tibw oontont o€ this ryepass, 

and also to lead to � l-evels at intake ( Baxter. �inttlan, and WllseQ, 

1961 ,  :mel sent10n 1 . 2) .  roth of whi.eh could bave been respons ible for the 

rap1d �lC11 1D atlk yield 3JXl the low soUdEM::lct-fat percentages 

Otita1ned m tb0 m11ll. The finding at a lower eoncont1"lltj,cm of volatlle 

51 . 

fatty aeids m the rwnen U(Jl(W of the two cows grazing lcir.Iz �nss , 

C<lIJIp3red with tile valueS fJQJ tOOir twin pair mates gJ:'QzinG short ryegrass, 

supportec1 tbe suggest1atl thlt the dQpmsska is mlk yiald and scUds-DDt-fat 
pesocentaa.e 111 Expa.rt.mtmt B was due to a reduced levGl at teeding. SeftNl 

\'IO\I'kers have abowu. that a pc:lS1tlvo relatlaasblp Gldsts between level elf .� and tbe vo1atU.e l'atty acid concentration in the rumen U.Q.UOr' 

(Davey, 1964; Wi1Umns and Cbr1&tiaD, 1956). 
The d:if1ercnc:es 1n I'Um1nal �a cOllCefDtra'tlons b� tft)Q.'taalts 

1II3Ultl be cw;pected because of the d1:t� nl.t'l"qJQn ocmtents of tbe tYlO 

�grasses, but probabl¥ mtake d1ft'entDCaS be:t-..en tNatmmlts aF.I¥ also haft 

contributed. 

The short pastUI'eS in the tVlG) experiments WIdell resulted 10 dU�eJ'OIlt 
ChRDgOG _ B011ds-not�a.t penxmtage dU'fere4 111 ebemi.ea1 CQI7i.1P081tfdl. 

These (tiffereDaD. 1DelUde4 higher leVels of crude protem o.nd ether eattJ'aet 

and a lcMel' 1&w1 of nltrog .... fI>ee eztract 111 the sb.c.lrt pas'Wre used m 

�t A. 'I'heoo same d1f� in pa ture eaDpOf}1tion also oeeurred 



52 . 

behIeeD the sbort and long pastw:-e used within Experiment A 00 that tbB 

need for fUrther stu11es .� Jl1 .stures high in crude protein and etoor extract , 

8Sld low in n1tl'ClgGD-freo extract '\roS 1nd1ea�. It 1G also relevant to not.o 

that th0 Ruallul ryegrasa used in Ezper1amt 1 (see sootlcn 3 . 3 ) ,  tmieh 

rosnl.ted in a low soUds-DOt-fn:t CCBtent in the mlllt � With values 

from cowa grazing tho annual varieties at qegrasa , WfU:l high in crude protein 

and laJ in nltl"08'0ll-'froe extract relative to t he  otbor ryegrussoo . 

" . 5 stlr.mARY AND cctCWSIONS 

The effects of COIrS gra�1ng short and kDg pastures of Ruami ryegrass 

CD the 71eld and ·COIq)OSit1ao � the D11k CQIlI)llred in t\I1o oxper1maDts . 

The cows graz1.Dg sbort pasture produced aig:n1f1cantly (P < 0. (1 )  more milk in 

both experiments than those gl"nz1Dg loDg pasture. The wtterfat percaDtage 

in the lk han the two eroups dki not differ, while the solSds-not-tat 

percentage \YtlS depressed lfI tm short Plsture ill tho f1mt �t (P<O. 01 )  

and ... too laDg pastmoe 1D tm second. It was sugaeatod that tlle depress1co 

in BoUdB ... not-fat cauaxl by tbe abort po;stu.re, 111 ElIporiDent A, 1mB associated 
wi tb the ehem1ee.l f!C!Il'p)Sl tiGl of the pasture which was h1gb in crude protein 

and ather extract and low in m.trcJgeD-b'oe extract bUt tho deprooslCID CtlUBed by tho laDe pasture was probably associated with a kmered intake � 

digestible ent.fl"gOY. 



EXPBlDmm' 3 ! lI!lIK PRCUK:l*IW FIlm III GI AND 

UJW NITROOEN RUANUI RYEmASS . 

5. 1 lNI'ROttlCTlOO 

This elq)Grimont 1IIQG deei� spee1flco.lly to El'X8m1ne further tbe 

£n"ocluctlm of 1ld.1k containing a low sol1c1s-raot-fat pereentagc when cows 

graze RUWlUi ryegrass. In both the pzoev1.cus experiments ( 1  and 21\. )  the 

Ruanui ryegrasa wh1.eh dep1IDsaed the soUds-oot-tat percentage ccnta1Ded a 

hJ.3ber content of crude protein aDd a "latlv� laiv amtont of n1t.roge1t­

bee extract � with the othl:n" grasses used 1n tIlo �t s .  

53 .  

In tm preaeDt erxpor1mant a CClq)Br1son was made of the Ildlk procluet1oDs 

fran two groups of cow graz1Dg RuaDu1 ryegrass postures dUfer1l'lg 1n 

nitropn CClIltont. but at sim11ar stages of fJ1'VIIith. Tbeso pastures were 

obtained by the n;:pUcatlco 01: two different levels of nitrogenous fert1lizer. 

Tho high n1tl"Qgell treatment was also expected to pmduce ryagrass with a 1Gw 

soluble sugar contODt ( Bryant and Ulyatt , 1965) , am p1"'Obab�y a lair content of 

nltrogon-t.Joeo extract ( seG  2. 5 ) . 

Because a low 8010010 sugar ccmtent la pasturas con be nasoc1ated with the product lon of low I>IOlar proporticas � propicmic actd 1n tm rumen liquor 

(Tilley , Der1az and 1.'l a:y ,  1 960) and propSonie acid 1nfuBiooa iDm'ense the 

produetiCD of mllk pZ'Qtein (806 1 .56) . 1. t was ccma1dored neeessaJ'y to 1Delu 
fJa tulBted an ls in this exper1Dant so that variations in t eDi-pro:lueta 

of termantatlm ccu ld  be masurod. 

'l'be expar1maDts � Bryant and Ulyatt ( 1 900) am B1'Yant ( 1965) S\Igg . t 

tha.t not cmly do pas'tuNs wb1ch have rocolved high ql10ntltlee of nitrocren 

fo.rtl11zar baV$ a 1GIIG1'OC1 SOluble sugar content they also have a h1gh non-



TAB18 5 . 1 

Pastures 

Trontamts 

Description 

Date pasture closed 

E:g!er1mental dn'tes 

Experimental detai.1s tor ExperlDmt 3 .  

U!£h N Ruanui �..E§.!, 8-12 inches laDg ,  
SOEIO seeding. 

25 Oct . 15 Aug . ,  15 Sopt . ,  18 oct. , 20 oct . 

8-12 1nchos long, 
sare seodinc . 

15 Oct . 

20 Sept . , 1 5  Oct .  

Pro-exper1mental period (mUod pasture) :  25 Oct .  - 10 Nov. 

Exper1mentnl period. (high N v 10l1l N) : 10 NaY .  - 24 Nov .  

Nitrate adrt1n1stered t o cows grazing low N :  a4 Nov. ... 30 Nov. 

frumb0r of cow'S used - Eiaht pairs of monozygaw t\rl.no 

Breed of cows 6 pslrs Jersey I 1 pair Friesian, 
1 pair Jersey x A¥l'sh1re . 



protein n1.trogen eantoot (60 - l� of which is n1trate) whieh may be 

responsible for the production of high acot tc to propionic acid ratios 

54 . 

:1n tbe rumen liquor. Deeauae of the peGS lblo 1q.>ortance of these fincl1ngs 

in the presont exp91"inent , the non-protein n ttrogen content of t1119 two 

pastures was determ1nOO. In o.ddit1m the �fect on I:d.lk yi.eld and 

cc.rnpos1t ion of aclm1nister1ng 1 00  g. potassium nitrate per day to two 

f istulo.ted com; grazing low nitrogen pastures was examined. 

The alkaloid contant (mainl.y perlol1ne) � Ruanui ryogre.ss is '!mown to 

vary cons iderably ( Johns, 1 963 )  ond although there are no reports of alkaloids 

causine harmful �fects in animals, the l'GpOl"t of Cunn1n:cham and Clare ( 1943) 

that low concentrations caused tbo death of paramoec1n (in vitro) suggested 

that rumen protozoa may be simll.arly affected. As a poon1ble change in rumen 

miero£lorn may explain the changes in milk e�ltion obtained, the alkal.oid 

can tent at the tvA:> types of ryegrnss was determ1Dcd. 

5 . 21 Apjl!!\s and delJiE of !i!lQ?!r1ments. 
Eight pairs of �goIS twiDs which had 001'\700 in July or August 

'\'lOre graged together tor a preliminary period <Xl mixed pasture. Following 

this period cows within twin sets ware nUoca-ted at randall to the two 

treatment gI'OUpS and then all.o\iSd to graze the high ar.- low nitrogen pastures 

for a further two weeks ( see Table 5 . 1 ) .  

After tile €Cd of the ecporiDmta1 period the two f1stul.at9d cows (Ie and 

121 )  which bad been grazlDg the low nlt.l'Ogen pastures . werG kept on tho Sax:le 

plsture 'for a further week and potass.ium nitrate (50 g. twice/day) was 

adm1n1s'terE)d to the rumeD of eaoh cow during milk1Dg ( 0.30 a.m. nnd 3 . 30  P. m. ) .  



The objective of �nt �ut the �t wt\S to see that all 

cows 1IIfte � sut"t1d;ent pastue to eDSUI'e _ml1lG !intakes. 

PastUl!eS: 'l"wo pa&:loelr.s of Ruanui ryegrass were used for each of the 

treatmellts. During the spriDg period prior to the exper:lmlmt 8 cwt . /aere 

0"1 alll!lOll1a sulphate was a�lled to prodnee the high Id.trogen pastures am 
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4 cwt ./acre for tbe low n1trqJen pastures . Dotal1s of the dates � 

appUcatiOD of f-utl11zer are given 111 Table 5 . 1 .  In all cases the dates 

ShOwn 61'0 thcoe applicable to thB first pac:ldoek to be grnzod, and t:be seccI1d 

was treated s� m lar� but abalt a waek later. 

5.22 §!pJ?� anCl analtllcal methods. 
Ii(WbaJp g.nd Iflllk: SampUDg prooeduree and anal¥tlcal l:lG'tbods were as 

desc:rt.1lGd 1D sec'tlc:ms 2.4, 2 . 5 , and 2. G, except t.hat the na:l-protem nitrogen 

and tot I alkalOid CCGt_ts « pasture sampJes wn- also �. '!be 

DQIl-PJ'018Sn D1t� eco.teot wee determl1:wad CD. tbo 1mter solUbl.e h'aCtial of 

the n1ccbol extract usecl foJr soluble sugar detendaatiom , the D1tnsen beiDg 
detersdrDed after a KjDldahl d lSt1al fo1Jow1J1g a pre-roductla1 at nitrate (Il\UIphI' • 1956) . For the tkrtenzlnat1cm of the total nlka101d _tent Of 

tm zyegrassos the thod of Batbtast and RaUer ( 1943) used. 
§!!II!!! 11'9!l: SaqtlGe of NIEIl ll� wze 

twlD8 GIl two cOI18ecatl ' dul'iDg tbe seeaad 

fftD tvo paim ot fistulate4 

of the �tal. period. 
deseribed tar Expar1ment 1 (3. 24) . 

5.3 aESml1"S 

5.31 C!!!Sle1 9!lW!lt¥P Sf t!te pgstups. 
The ,results fftIm tbe an� caft'1ed out em the Stlmplea obtaiR04 'hom 



TABm 5 . 2  Chanical analysis ( an  a dry matter bas1e ) of tho high and low nltl'Oge1l Ruanul ryegrass used in 

Exper1me:nt :3 ( standal"Cl error � 1D8QD) . 
High N. LorI N. 

No .  01 samples 4 4 

Crude protoin (N x G. 25) 20. 1 (0. 95) 16.4 ( 0. 30) 

NoD-protein ni trOGOn 0. 31 ( 0. 00 )  0. 24 ( o. an 

Total alkaloids 0. 056 0. 043 

Crude fibre 21 . 1 ( 0. 00) 22. 5 ( o. au) 
Ether extract 4. 9  ( 0. 12) 4 .5 ( 0. 27) 

Ash 8 . 1  (0. 16) 7. 7 ( 0. 11 ) 

Ni trogen-free extract 45 . 8  ( 0.00) 48 . 9  (0. 1 1  ) 

Soluble SUgars 12 .2 ( 0. 50) 13 . 9  (0. 91 ) 

Dry m,.'lttor cootant 20. 0 ( 0. 20) 21 . 6 (0. 21 )  





Y I E L D  I b  
3 2  

3 0  

2 8  

2 6  

2 4  

FAT % 
5 - 5  [ 
5 -0 

4-5 

P R O T E I N  0/0 
4-0 

S N F % 
9 - 2  • • 
9-0 

8-8 

Fi g . 5 . l  Average daily mi lk y i e l d s  and mi lk comp o s i t i on s  
f r om t w o  grou p s  o f  t w i n s  grazing high ( .  ) a n d  
l ow ( C )  ni t r og e n  Ruanui ryegra s s .  ( The fi r s t  t w o  
s a mp l e s , mix e d  p a s t u r e  f e e d i ng ) . 



TABLE 5 . 3  The yield aucl ClOq)OSltiao cd mUk fl'Om COi'/IJ g:rt�inc Ruano! 
ryegraSG pastures wtdch bad roc::elvod two levele of nltzoogencos 

fertUi.zer; adjusted DeQU values for exper1mento.l pariod 

( 10/11 - 24/1 1/66) . 

Higb N Low N  S . B . � S1gnif. of 

means diffs . 

Milk yield ( lb. /cow/clay) 27. 8  2u . 3 1 . 0  !I. G . 

Fnt % 5 . 13 5.43 0. 11 n. s . 

Fat ( lb. /cow/day) 1 . 56 1 . 43 0. 00 N. S . 

Protein % 3 . 59 3 . 70  0. 00 P < O. 01 

Protein ( lb. /cow/day) 0. 98 0. 97 0. 04 N. S . 

Sollda-not-fa t % 8 . 87 9. 13 0. 03 P < O. Ol 

So11ds-not-fat ( lb. /co.v/dny) 2. 46 2. 38 0. 11 N. S . 



TllDLE 5 . 4 Tbo yield una composit.ion � nilk from two cm.-n Given 100 g, 
KNOs daily ( in  two dosos ) via too l'1:JIlJeD flstulue. 

Prelim. Period Exper. Period 1�. KNO:/day 
(Mixed pasture) (Low N RuaDui rye) (Low N Roaout J')'G) 25/10 - 10/1 1  1 0/1 1  - 24/1 1 24/1 1  - 30/11 

Milk yield ( lb. /  
CU\ll/day) 

Cow 1 6  25 . 1 23. 6 22 . 2 

Cow 121 31 . 9  27 , 9  38. 0 

Fat % 

Cow 1 6  5 . 13 5 . 46 5. 53 Co;; 1 21 4 . 82 5 . 42 5 , 40 

Protein $ 

Cow 16 3 . 75 3 . 65  3 . 64  

COl? 121 3. 56 3 . 40 3 . 35 



TABlE 5 .5 

T1"eatmEllt 

High N (IIN) 

Low N ( LN) 

111gb n 
Low N 

Treatment 
di1fel'OllCeS 
sign1.f. at 

10Jb l.,.el 

5% level 

1% level 

AnalYses em tbe l"UIlICn liquor tl'ClD two pairs of tw1na. grazing 

high and low D1t rogen RoamS. �ass 1n Exper1ment :3 .  

MIN cone . Total V . F . !\ . 
Molar pmportloas of V.F . fl . 

Cow �. /100 1Dl. til 1Ifd/1 00 ml .  Acetic Propionic ButyriC 

1 5  30. 7 u . 49 1 1 . 3  68 . 1  19.4 12 . 5  

16 20. 3 6. 33 1 1 . 0  70. 0 1 7. 0  13 . 0  

122 31 . 2 0 . 44 1 1 . 9  00. 0 16.4 12. 6 

12'1 1 9 . 8  0. 34 1 1 . 3  70. 9 I G. S  1 2 . 3  

- - - HN <Ul - -
- - - - W <HN -

HN ::> LN BN ::> LN - - - -



the two pqtures are g1.ven 111 Tabla 5 . 2 .  Tbo high N pas'tUr:e � 

with the low N p:astul'e was stibstant1alliv hlgbaJ' in crude prote:J.n, and 

s1igbtly higher ill ldl-proteJ.n nltrogen. ethor ctroot enrl as h  contents . 

en the otbsr band tbe nitrogen-tree atract. soluble sugar and crude :flbJ.to 

contents \lIeN sueht� lower in the b1.gb N postures .. 

5 . 32  M .. 1lk y;1.eW pnq gogp:t�loQ.. 

56. 

The mean data �Ql" milk yield and coq,oe1tim are lllustrated 1D 

Flgure 5 . 1  and the adjus"ted data nre g:lven in Table 5.3 . The milk yleld 

produced by the cows grazing b1gh N ry8gzoass was sUghtly higher than the 

yield produoed by the low N group . '1be butterfat percentage in the milk 

produced by the h1g1l N group was sl1ghtly lowell' and tho soUds-aot-�at and 

pro-tein pel"CGIltages s1gn1f1cantly lower· (P< 0. 01 )  than too correspand1ng va 

fer the c11k hall the cows grazing lOY N l')"GgrasB . Fnt , solloo-not-fat and 

,r ote1n ylekls :flUD the two �ps did not dUfer s1an1f1eantly .  

The yleld and �it1on of too lk from the two :flatulated cows was not 

affected by the admSn1strat 1oD of potassi nitrate (Tabla 5.4 ) .  

5 . 33  !!!f!¥1 formantatial. 
Tho I"UIIIeIl terman�atloD data QO givon in Tabla 5 . 5 .  The rumen flu14 

frail the two cows gJ'aziDg h1gb N rye B bad a higher PI BDi ocata1ned JIIlc:b 

higher �t1ons O'K (P < 0. 01 )  'tban the carrespond'Q8 values 

ob'tn1aecl tftllD tho COWS graziDg low N �ass . TbG'ro 1"0 c:m.l¥ mlDor 

�ent"t1das a1ld small, but sign1ficant. d1tferoncoe betwcon tile DD1ar PrcpoI"t1t::iDS OIl c:etlc and Pl'OPi.on1c acids 1D the I'UIllOO liquor. The cows 

graz� high N ryegra&s had til :tower proportlcll of acetlc Dcid ( P < O. lO) and a 
blgbor propart1oD CIt proplClOtc acld (P< 0. (5) 111 tho l'UIlJan liquor, than tbooo grazing low N rye.gl'oss . 



5 .4 DISCOOSION 

The two levels of D1tJoosen fertl1izer produced pastures which 

dUfered 1n level of crude protein. Pa.rt of this dlfforenee was due to a 

5'7. 

highQr content of non-protein rdtrceen in the hl@i N ryegrass . TbG  high 

levels o£ n1trogemus fertilizers did DOt ,  aD the other bond, lead to greatly 

reduced contents of soluble sugars and nltrogm -frse extract . The differences 

between the ebemieal CCIDpOG itlODS of the high and low nitrogen ryegrasses 

were s1m11ar in direction (although smaller) to those betw0eD the short and 

long ryegrass us()(1 in Exper1ment 2A ( see Tabla 4 . 2) and in both experiments 

tho solids-not-fnt eontent of the milk produced from the gr s with the 

higher nltrcJgon content was reduced. Pnrt of this difference in sol1ds-not­
fat percoo.taga was aecountocl for by protein percentaso but 1. t was clear that 

tm fllactose" �nt ( S . N. F. ')!, - protein %) also varied in the same 

dlrecticm as the protein percentage. lIenee in aU respects tho resu1ts 

vera also similar to thoSG obtained in Exper1ment 1 ( see Toble 3 . 2 ) for the 

differences between Ruamrl. ryegrass and Paron or i'1e8tem Uolths ryograsses . 

A llUCber of factors, some of which are associated with grll8S o£ high 

nitrogen content, may have caused tho reducttaa 111 protein and sol1ds-not-fat 

pG1"Cantages , tmd these poas1bU1tlos will be discussed in turn. 

Plane � eytr1t1on: In thiS experiment the 1Dtakes o£ tho CO\1S ClD tha two 

treatments waro probabq s1laUar as the milk y1e·1ds frcm both grrups of COIl'S 

1'0 s1mU.ar. TbB. oonamtrat1a1s � wlatllo fatty acl<lD 111 the rumen 

lltJ;1or of the f1stulated COJrS alSo similar Wb1cb supports the suggestion 

( but doesn' t pMva) toot the Intakes s 1m11ar. I t 1s unl1ke�, therefore, 

that a roduced plane o£ Dutrit.1ClD was o1ely resJlClllS1blo for the chaoges 1B 

milk COJ!I)C61.tlon, but it 1& caaceivable tho.-t a degree 01 undar-teed1Dg, as 



occurred in both treatment 6l'QlPB 1n this oxpeJ'1ment t is a necessary 

adjunct to tho tmkDown p1"OCeGs . 

Hazomtul ef1'Qets at nco-protein nitrogen e(!!!RC!!.Jn(ls: It  16 well 1mown 

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

tho formation of nitrite, may lend to toxicity in animls ( GnrD&r , 1963 ) .  

Because non-protein n1 trogen levels in the pastures used in this experimmt 

were relatively low ( see Br.vont and Ulyatt , 1965) , and ftIrt110l'mOl"e 100 g. 

of potassium 01 trato producec1 no effect on DUk yleld or r.dlk eclInPOS1.t lon, 

it was considered unlikely that these � 1/e.1'O involved directly in 

the present problG.m. 

Alkalo�d oon�nt: I t  18 conceivable thnt tbe effect on milk eompositl00 

mny be brougbt about by an alteration in tho 1'Ull1On microbial population 

of tho cows grozing hieh nitrogen pastures as 1t bns been reported that 

plant alkaloids can destroy pl'Otozoa (CU:m.l1ngham and Clare , 1943) . 
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However. as too alkaloid ecmtents of the two grasses were not very different 

1 t woold 'bo surpr1s1.Dg if thiD factor was of 1mpartanee in tIus exper1raBnt , 

a lthough cleaJ'ly the possibility remains that the rumcm population � c1� was altered in BaDe unk.nown way. 

Volatile fattx aeid m;oportlcos: The appl1cat1an of nitrogenous fertilizorS 

10 the spl"1Dg bas tl:D efl'ect of makf.Jlg the Oil1p:IG ltl<m of the pastuze IlXJre 

11ke that of au'tuDl paatw:es, ieh ue ebal'3eter1stlcally high in nitrogen and 

l.OIf in soluble ea.rbobydrate ( Walte, 1958 ; Tbcmsan IlIld Terry, 1965 ;  Corbett. Langl.nDds , McDonald and Pu11ar, 1 966) .  CGns1del'able attont ion bas been 

paid to �ar1I:lg the Dlltritlve value of autmID and spring pastures and 

Corbett et al. ( 1 900) deI:lIaDstrated tba't autumn g7:0wtb had the lower net energy 



value and suggested tbat thl,s appeared to be 1"elatod to the rolo.tively 

high ratio o£ acetic to propionic acids in tbe l'UJilEm 11(Jlor of the animals 

gl'oz.ing this pasture. Bryont and Ulyatt ( 1965) also frond hiBhOr ratios 

0'1 aQGt1c to propionic nc1C1s in the ZUIIIIIJD liquor of slnep graz1n3 high N 

pasture coq)ared with low N poSture> in the spring period. In too present 

ezper1aent , bo'..vevor. pJ!'eSUDabJ.y becauso the pastures d:1c:l nat differ by 
very uueh 111 soluble sugar levels ,  the proport1onG of 1Ild1vidual vo-lat Ue 

fatty acids in the l'UmIiJIl H.quora fftlll the fts'tulated COIVS 'OO:re talrl\Y 

s1mt.1ar. In actual tact the slightly lower ratio or o.�tic to prop1on1c 
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acid 1n too 1'U1lIOO liquor o� the eovs grazing h1gh N 1�l�rasa cnld be 

expoeted to g1.w a higher, rather than loIIor. pl'Ote1n peroentago in m11k 
( see 1 . 56) . 

Utilbatloo of ess p!yte1n: It 18 well establ10had that clietElI'Y protein 

utUtzatlcm and Dlt�n tGlltlcm are st.l'ODgl,y 1Dfluenced by metnbollsm 1n 

the rumen (Sc:Donald, 1968) . A. htgb intake of soluble protein, like gaas 

pro�Sn, results in high Jl'Ut!OD. arJIIIDDia eoucentrat1Gas and h1gh ur1Da.ry nitrogen 

losses. Cha1mars and Bnrsball (1964) have dBllalStratoo an inwrse relationship 

betweon ruman ammonia. levels and n1.trogen r tent lan, aDd fUrtbormore, Band and 

Rook (1 957) have shown tlnt added starch 1s effective in controlUDg the urinary 

wastage o£ proteiD. Not wltbatandlng the high content a£ Im'bage nitrogen 

111 the present earpar1mant , the poss1bU1ty ists that the low soli.ds-not-fat 

percentagQS taay have been due to "phys101ogical deficiency" of. milk protein 

� ,  brought about by ess:l.ve catabOlism � PlOtein to fcnl ArtW!CWia 

UDdIn' caDdit1.aas where iDsuf:tt.c1eDt f�table earbohyc1rat-e is present as a 
source of enBl'gy. 

The higher levels o£ 81l1fjQDia in tho rumen liquor of the fis,tulat:ed 001IIl 

graz1ag the high N ryearass , 1n the present axper1man't" cmparad With tile 



values for their twin mates g;raz1ng low N l-yegrsss supports the above 

possibility , but tm ci1fferenoes may have been merely doo to the relative 

nl trcgen contents � the two· feeds . Because li ttlo direct evidence 

00. 

was· obtained tlS to the possible lqJortance of protein ootaooliB'Cl affecting 

1r4.lk protein poroentage in this experiDerlt , Q number of further experiments 

were designed to examtne thiB poss1bll1 ty • 

in Experiment 4 a quantity of the high and :tow N ryegrasses not used 

by the covm til EXper1mont 3 was frozen ruxl subseCJ]ently fed to two groups 

of thl'eo sbeEJp 111 order to rneaSU1'e nitrogen balances . 

The role and importance of the rumen metabol1stl of protein in respect 

to milk production was further studied 1n two ways. First , additi<mal 

starch wus given in order to balance the high nitroggn in the pastUl'e8 

( �rilOOnts 5 and 6) . Secax1l¥ , the efiect of mnldncr additional protein 

available to tho animal was stu<l1ed (Experiments 8 and 9) . 

5 . 5  St1tti'\RY AND cncWSIONS 

Tho ·effect OIl milk yield and coqlCJSition c4 C()\\.'S arBZing Ruanul 

pastures which had received h1gh aa:xl low levels of ni�onous ferii1.1zer 

1mB exaniDAd. The postures which had received hiGh, verses leNt, levels 

o£ nitrogen fertilizer contained b1gber levels o£ nitrogen and ether 

extract and slightly loWer contents o£ solub1e sugnrs and nitregen-�1'Oe 

extract . 

The COWtl grazing the h1gb N pastures proCluced 8,m.bl' milk yields to 

those graz1Dg the low N pastures but the mt.lk cmtainod lower pel'CGntaees 

of sollds-not-tat and protein. 



SaID �actor nssoc1ated with this variable) caD load to 107 fJoUds-tKJt-�at 

m Atents 1n milk. \-?bile this chaJ:age 121 COIIPJSi'tian was part� Gspla1Ded 

" " ( . n by a change in protein percentage, the lactose eootent S . N . F. iD -

p.rotein %) also varwd in the same directlaa. 

Adc11tional DOIl-pretGin nitrogen in tho form of potnss1.um n1.trate 

(100 g. /day) bad no effect em milk yield or mlllt c:c:iqX)Sition so that this 

characteristic of high N pastures wan probably of 11 ttle importance. 'l'l1e 

total alkaloid contents of the two pastures were also similar. 

Difforences in the molar proJlOl'tions of individual volnt1�e fatty 

acids in the rumen l1c:por from tile eows GIl tbB t...o trea tnDlts did DOt 

aceomt for the ehanges in milk cu"l'061t1on obtained . 



EXPERlMan' 4 : NI'l'ROGEN � USING HIal MID LOW NITROGEN 

llUAl1UI RYEGRASS FED TO SHEEP . 

6. 1 INI'ROOOCl'lON 

In tha previOUS e.bapter 1t was suggestec1 that tho com grazing high 

N RU8Im1 ryegrass DU\V have been unable to obtain a sufficient cpant1ty of 

protein (or an essential amino acid) to maintain milk protem synthes1s 

because of exeessivo catabolism of protein to RDDCII1ia in the Z'UmEJn aD1 

subee-quent lose 01 nitrogen in the lD"ine . In Ol"der to GlXAmlJ1e this 

pos,s1bU1ty ful"ther. sufficient of 'the high and lCli N pastures used in 

Exper1mJant 3 were fnaeo so tbat n1trogeD balances could bo obtained using 

sheep. Nitrogen d1ges't:1biUtles and retent1uls f'ran the two pastures 

were measured ustns tViO graJPS of three sheep fed inc!JmJ'B . 

6. 2 EXPERIMml'AL 

G. 21 IJ2rb$ge 
Soet1cms of the bt.8h and low N pastu 

eut with a --.. em 20 levenber 1900. SUftldE!lDt 

obta1ned from each pastuftt to 

eeecJ tbree sheep � weeIlB . This was tbe mas ' cpmntlty � grass 

wb1e:b cauJd be ·toJOd. Tbe gaoass was pactced 100s 1y into heSSian bags 
aDd pla.eed as qulCkl¥ as possible QB raek8 wttbSD a froea!n{; ebambea' at 

_loGe. '!'be SJ'8-ss was stomd in the baseD state tmtl1 24 bour& prior to 

feed1Dg wben it was tnnsteft'ed to a zerrigeratod room at °e . 



6. 22 An_lBt aDd deale of esez;1I!!.r!: . 
S1.x Raraley wetbors, aged about 10 mDIltbS, were bought fl'ClG tbe 

UrdVOl.'Slty SbGep Farm at the bog1nn1ng .o£  y 1967 end toJ.1owUIg 

tl'Satment for tnterna1 paras1tes (Thl0beDdaz0le ) th� \1eI."S put in 

metaboUsm eratea aDd boused indoors. 'l'b9 metnboUsm crntos, which 

were plOvlded with e. teed bin and water bucket , ocmfined t he  movertent 

of the sheep end mab1ed urine to be collocted in n bucket beneath the 

sheep . 

The experiment was divided tDto three per1ods : -

( a) Training per1oc1 1/5/00 - 30/5 (mbred pasture feeding) 

(b) Prclhdnery period 30/5 - 10/6 (high and low N Ruanui ryes) 
( e) ExperiJlmltal period 10/6 - 21/6 ( Ditto) 

. ( a )  Tpin!Pg pf.l!!19Q: Tm object of tbe tl'RinSDg period VlS to accustom 

the sheep to indoor feeding, the hanlesses am the foocal collocticD begs , 

and a lao to estabUSh voluntary intakes so that tho sboep could be paired 

en this basis . Tbe sbeep wore fed beshly cut m1xGd pasture to appetite 

tw1ce dally at 9 a.m. aDd 5 p.m. and water was available ad l1blte. 

(b) Pl}!1lmtrerx RF1od: The sheep re "pail"ed" 
an the 'basis o� tbo1r 

68 .  

volun"tary intakes and the sheep wi_in pairs were allocatGd at random � the 

two treatment poupB. The three sbEJep wttb1D each group were tban feel the 

high and low N RuaDUl ryograsses ad libit!!! durtDg this porlcc1. The teedlQg timBs 1IQt'e as � the f1r$t period. 

( c) ExperUmrtal eer1gl: Dur1Dg this period of eleven days faecal and 

ur1l1D output data were collected in addit1cJll to the intake <.'lata . Indiv1dual 



animals vere fed a quantity of the ryegrass equivalent to � � the 

daily voluntary intake established during tho prelim1na.ry por1od. By 

feeding slightly below the ad libitum intakes, no feed ro�u$ols r.ere 

obtained and hence n end po1nt errors" would ba axpeetOO to be rntnlm1sed. 

Herl?%m: Represontat 1ve samples of feed ( about 300 G . ) were tmoterl at 

64 .  

each feeding time fOT too determ1nnt ion of dry matter intakes . The samples 

were dried at 1CXPC for 24 hours nJXl the dri.ad sanples 'WOre bulked far 

chemical analySis . The bulked saDlploo which bad been stored in air t ight 

plastic bngs were subsequently ground ( llllll. se1ve) and analysod for nitl"06eD 

content ( A. O. C . , 19(5) . 

Faecal S!!!I?les :  'l'be fooces tl'OEl 1ndl viduaJ sheep fi'01'C ftlmOVed twice daily 

and bulked to form tlro 4 -day C'!Oq)OSite saq>1es and emo 3-day canposite 

o ( -10 C) and stered in tllis form prior to too determlnntion o� dry matter 

outputs . The total faeeal outprts of individual .sbeep far tho cauposite 
per10ds were dried in an ovan at 100°C fOT 48 hours nncl sub-saq:>lee gl"OUDd 

prior to nnnlys1s for nitrogen ccrntent . 

optiJ:l:lm tCi1l'llpOl"ature to m1n1mize losses of nitrogen witb heating. 

UEiDe AA9>le!: Ur1De s eolleetec1 1D H2S04 ( 18 ml. 18N-II2S04 I litre) in 

order to keep pII below 2 and �t lOS8 Cit. nltl'OgGll as nnIJOIl1a (Sartln, 1966) .  

The urine from 1nd1vldual shoop was bulked as for too faeces am those sau:ple6 

� tbe end of each colleetlat period 



TABLE 6 . 1 N:ttl'C)gen balances d cUgoot1b111t-. for 1I!dlvtdual sheep ted high or low nitrogen Rwmul ryegnss . 

Higb N tow N  
Shoop 1 :3 3 1 2 

Nitrogen iDtsJto (g. /day) 22 . 69  1 7. 91 1 0 . 22  13 . 27 9. 80 

Faecal N (g . /day ) 5 . 95 4. 00 4 . 32 4 . 12  3 . 28 

Urinary N ( g . /day) 1 5. 18 12 . 33 1 1 . 30 7. 30 5 . 87 

Nl tl'Cl8GJl btllan ( . /day) + 1 . 56 + 0. 94 + 0. 00 + 1 . 25 + 0.85 
Appa.r. N d1gesttblltty ooof . (%) 13 . 8  74 . 0  7.3 . 4  64 . 4  65 . 5 J\ppQ1'. D. • d1ga ttbtl1ty coof . (i) 68. 5 69. 6 Ge. S 64 . 1  67. 1 

N "taiJled /lClOg. N intake 6.88 8 . a4 3 . 70  9. 42 8 . 95 

3 

11 . 42 

4 . 58  

&. 89 

+ 0. 95 

69. 9 

63. 3 

8. S2 



Q. N I day 
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1 0  
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3 00 4 00 500 

D I GEST I B L E  DRY M AT T E R  I N TA KE Cgl 

Fi g . 6 . 1  F a t e  o f  i n g e s t e d  n i t r ogen for g r oup s o f  th r e e  sheep fed 
high ( 1 ,  2 ,  3 )  and l ow ni t r ogen ( 4 ,  5 ,  6 )  R uanui rye­
grass a r ranged ac c or d i ng t o  t h e i r  diges tible dry ma t t e r  
i n t ak e .  



the nitrogen contents of 5 fill. smiP1es of urine were dotG1"fll1ned ( in  

duplicate) using standard methods. Total n1 �en voided was then 

calculated :frail the total volurae of urine collected. 

6.3 RESt.JI.:rS 

The 1'ull results are Slven m Appeod1z 6.1 and are SUJlI!'JD1'1zed in 

Tabla 6. 1 .  The tate of ingested D1tl"C8eD f:or 1Ddiv1dUal shBep is also 

illustrated in Figure G. I .  

A greator proport1.cm of the 1Dges.ted n1.tl"ClgOD in tho hSgh N crass was 

8pp9.J."'(mtly digested ('13.7%" CCJIlI)3Nd with 63. 3% :for too low N grass ) bUt 

because a greater pl'OpOrtic:l1 of this nltrogen \iBS excreted in the urine 

( 92 . 9"", c�red with 85 . f1k for the low N grass) the nit� retentions 

tor the tvro tyJl0S ot grass were vary similar. Tbe nitrcgen in tbe low N 

grass was clearly ueed ..-e etfielenUy nth on average cd 8.9 g .  o£ nitrogen 

beSDg I"eta1ned/l00 g. of lIlgmted N, CXlIIPlred wit h an overage valUe � 
5 .  3 g./l�. of ing-estecl N 1'01' the bigh N grass . 

6.4 DISCUSSION 

Because till;) nitrceoo retentlcos hom tbe two typos of ryegrass 

s1m11ar, this experimrmt taJ.lod to support tm �hes 1s CBdo in tile prev10us emptor ( 3 ) ,  and in the 1ntrometlcm to tb1s GZpeI'1ment , t bat 1Dsu1'flciont 

� fer pl'Vte1n syntbes1a � be obtaJDed fran the bigh N pQ.sture due, 

to GiScess1ve ca"tB'boltsm � d1etU'Y p�eS.n. 
The I'OsultB did , hew 1', show that the cl1etnry protein of tho high 

oi tl'OgOO pasture was used 1Dotfician:tly and sugaes.-ted that 0. higher 

proportioa of carbobydrates 1D tho r.yegnss would lead to 'tho fullEr use of 



the oi tl"Oge!l present. This �fect has in tact al.ready been dEElOrlStratoo 

by Head tmd Murdoch ( 1900) when steen ere shown to retain IX>1'C nitrogen 

66. 

with starch supplamentatiCID, 1n spite � a la.mred crude protein digestibility. 

The s101larity of the nitrcl6eD retent ions 1n tbe pronent (}xperiocnt soowed 

t in t  thO nitrcgen content of both pastures was DOt th() 11tliting factor to 

hjgbor retentloos , o.nd the 1ncrc.;;asoo nitrogen retentions with incroosine intake sugcestod that enoI'UY intake was the najor 11miting factor. TIle 

results are in agreement with toose of Hogan and wooton ( 1907) who ted shoop 

high ( 13 . 8g. N/day ) nnd low protein ( 5 . 5g. N/day ) diets nncl fruDd tbnt tile 

output of protein from tho ru:men ( and  hEnce available :far absorpticn and 

ut11:lzntion) '1m3 I11lch tho saae in the tVJO diets ( 8 . B  and 8. 1 C. N/day 

respectively) .  

G . o St.lr:lttARY AND CONCWSlot1S 
The high and low nitrogen Ruormi pastures used in Ezperiamt 3 

\'t9re fed to two crwps of throe gJ'Dri.ng sheep m order to t:leasure nitrogen 

balnncee and digestibilities . 

Ni�en retentiaw mwo s1mllar ban tba two rat icos nIXl increased 

with dry matter intake. 

Altbough too nit1"Q6eJl in the high nitrogen graGD was UGOd lass 

efficiently than that in the lov ni.trogon grass. the � GD-VS no 

direct evidence to support the l:\vPOth881s that the lGl1 proto1n percentage 

obtn1Ded 10 tho mUk, when CQII{S grazed high nitrogen pastures , 

deficiency � nitrogen preeursors tor milk protem aynthesia . 

fa due to Q 



CUil.PI'm 7 

CXPffiIf.1[f{[' 5 : � OF !I. STARCH StJPPU:lL-rI' ON 

m IK  PflOIXJCTION IN Till: Aurum. 
7. 1 I NI'RoruCI'I ON 

I t  was cODSioorod th:'l.t a useful alterna t ive appronch to examining 

the pooslbility thnt tho �flclency of utilizntiw of tho protein in high 

oi trogen ryegrass tl..."I.y affect milk protein percentage \7UO to study tho 

ei'fect of supplomentary cnrbohydr. ' te on milk yield am COI:lpOsitlon. This 

\"laB suggested by previous exporla:mts in which grnz:i.rlg �70 have boon giVGn 
supplcmentury concantrntoo ( soe 1 . 52 ) .  I n  addition readily ava ilable 

cGrbahydrate has boon shoan to lower runen OJ'lDODia concentr::l.tion 

(Head and Rook , 1957 ; Robertson and IJQ\"Jke, l 064c ) and th: .. �t steers in the 

experiment of lioad and r.lurdoclt ( 1965) reta1nad �ro nitroccn following 

st . '.rch supplollDntat ion .  

67. 

Tho offect of n starch suppl.elnant ( 2  Ib . /day ) on ttc yield nnd canpos it ion 

of Ililk produeod by CalO 31"nz1ng hi{�h n itrogen Ruonui ryeera.ss wns exnc1ned 

in thi.s cXpGrinmt . Tho expcr:i.IlX3nt was carried out in the autumn as it is 

wall ost:lblishod that autw:n pnsturoo are charncterloticn.lly hiGh in crudo 

protein and low in soluble carbohydrates ( r111son and Dolby , 10'GO) . I t  t7US 

oo ooiderocl thn t this typo of pasture shculd prov1de condit ions whereby tho 

adc1e<l storch \'mS given too best opportmUy of improving dietary protein 

utilization ::md poooibly milk protein content. 



Lnctatina COWG \'lith J."l1LXID f istuba were included in tho oxporili:lent 

so tro t possible chDllCOO in too end-products of rancn fCl."tWnto.tiCll, and in 

pnrticu lnr rumen ru::oon:1.n concentrot iCll , COl lc! be rDr.;.surocl and tlleB<� 

corrolatccl with any ch!.lD(joo obtained in r:lilk yielc1 mld conposit ioo.. 

FollO\7l.nc tho ObBOrvCltion of tl scouring" in the oontrol ca;;o ,  foccul 

68. 

dry mnttor dotcI"!'Jinatioos rJOre onoos and blood a::mplc6 t;oro obtainocl in ordor 

th,�t mng,."lOSium cancantrationn could be deteroined as it , .. ]�S considered 

possible thnt ninornl upt::lkc my 00 affected by tlD ch�ncos :in the 

phyoiolOCicn1 condit ials in the gut . 

7 . 2  EXPERIMUITIIL Hr:I'IIOOO 

7. 21 P.nm'1+D and dosirn of 92ID2r1Llont . 

EiGht paim of r:x:mozYGoos twins , including two pa ir:::; villi nu:1OI1 

fistulae, ':ll"dch had calved in tbe spring ",ere usoo in too oxper�nt s .  

Si;; puirs of twinf> woro Jersey or Jersey croos an1mln o.nd tho ror:a ining 

two pairs were ['r100 1:1n6 . Tho preliminary period \lith 0.11 ca.7S crnzinc 

mi:,od pastures COI!lDOIlcocl 28 L�ch , 19G7, and the Ruanoi rycgrnss feodine 

period of 14 days an 1 1  t.pri1 . During this per-iod one nct.1ber of ouch 

t"ilin set l"OC()ivOO 1 lb. of wbonten starch in water ( GOO 01. ) nt GGch milk1nG . 

7. 22 �o.sturos • 

Five paddocks of Ruanui ryoarnss (soo TnblG 2. 1 )  u!u.ch hud boon 

oaintainOO with sulpllnto of ru:DClOi..'1. were used in thin oxporiDmt . SUlphate 

of o.mmonin ?Inn applied a t  tho I'8to o� 1 cwt . per acre about 3 \"�oks prior 

to tho start of tho cxperinootu 1 period. Tho coos r.'OrO Givan GUfficiont 

pas ture to Gilsum full feooinG , a new brook of c;rucs boinc provided nftor 
ench mlkinG. 



7.23 S9ElI211ng and annlytical methods . 

69. 

Herbage : Sampling nnd nno. lytical met hods ware as described in 2 . 4 nnd 2 . 5 .  

!ll.!!i: Milk yields were censured at a l l  milkings , ,,nd two-dny compoo ite 

samples were taken froo individual Cot'lO twice ench VleCk and n.ru! lysed for 

fut , Dolids-not-fat , and protein contents as doscribod in 2 . G. 

Ruman �iauor: S aoplGs of ruDel.1 liQUor were taken froo tIn two f1stulatod 

cows on e.o.ch of tho trontrnnts on 1 0  and 20 April nnd trea.tod O£l describod 

in 2 . 8 .  

Faceol 9£l cutter percentage: Grab samples of faeces \701'0 obtn lned frot! 

individual COUTS en one occasion during tbe lJocond week of tho oxporiI;Jontal 

period. 
o 

Tho saoploo wera dried in the oven ot 100 C for 48 hours in order to deternino thoir dry mntter cont ant . 

Plasma. l'i!afID2sium concentration: Jugular blood SaoplOB ( 1 0 mI. ) ,,'ere obtained 

from individual co.O'o en ODO occBsion nt the end of tIle cxpol·lJxmtal period :mel plasma 

magnosium concentrat ions ... Jere detern1ned by c tochnici:m fran t ho Pl:mt Coonistry 

D ivis ion of D. S . I .  R . using atomic absorpt ion spectrophotOl."1Ot ry .  

statistica l analyses : The milk yield and coot'Jos i ticc elata , a nd  the rmoon 

liquor datu , were anr:lysed by ann 1¥soo of variance ( o . g. Appendix 3 . 2) . 

7.3 RESUIa'S 

7 . 31 I?n@tuJ"OO . 
Tho Ru.."lllU1 ryegrass pastures were 3 to 4 inchos long at tho t iLle  of 

grnzi.na. The chemica l eompos itiem of tho pasture used, em a dry mat ter bGsiB , 



TABLE 7. 1 Chemcal analysis (CIl a dry matter bosis) and dl'Y 
Iil'iltter content o£ Huanui ryegrass used 1n 
ExpGrinent 5 .  

�-------------------------�----------------------------� 

f-....... -..... . -

No . of oooploo 

Ca: protein (N x G. 25 ) ex: fibre Ether extract 

Ash 

Nitrogen-free extract 

Total soluble sugars 
Dry oatter content 

28. 1 

20. 8 5 . 0  
10. 1 3<3. 1 

G . 9  18 . 9 

.t o. on 

±. 0. 70 
+ O. �.s 

:t 0. 30 :t 1 • 98  !. 0. 48 

!, 1 . D4  



YI E L D  I b  
1 8 [ 
1 6  

14 

i 

FAT 0/0 6- 5 [ 6-0 
5- 5 

P R OT E I N  0/0 

::� [ � 3.J 
S N F - P R O TE I N 0/0 

:: [ � 
4 ·6 [ 
S N F 0/0 
9 - 2 [ 
g-O 
8 -8 

F i g . 7 . l  Average daily mi l k  y i e l d s  and mi l k  c omposi t i on s  
f r o m  grou p s  o f  t w i n s  grazing au t umn pa s tu r e s  
suppl e me n t e d  w i th 2 lb . o f  starch/h ead/day . 
( S tarch , .  j C on t r ol , 0 ) . ( Th e  f i r s t  two samp l e s , 
mixed p a s t u r e  fe e d i ng � 



Til.."1LC 7. � Tho y�old fIDel cot!pOSi ticn o-f m:ilk f1'OD ca;s giVC!l 0 otllrch 
supplornont ( 3  lb . /day) whi.lo grazing Ruanul ryeeraoo clurina 

tho autumn : adjusted metm vnluoo for cxpermonto.l peTioo. 

, 

Centrol Starch I S . E. of Sicuificnnt 
means dit£oronces 

(C) (8) t P < O. a5  ! ! 
--

Milk ( lb. /COW/day) 14 . 2 10 . 0  I 0 . 52 n. s . 

Fnt % 0. 28 0 . 23  i 0. 10 C > 8 I 
Fd ( lb. /cow/day) 0. 86 0. 87 I 0. 02 N. D . I Protein % 4 . 00 4 . f11 0. 00 N. D . 

Proteiu ( lb. /COV7/day) 0. 60 0. 01 0. 03 n. B . 

3011ds-not-f�t % 8 . 8G 8 . 90 o. re O >C 

Solids-not-fnt ( lb. /oou/dlly)  1 . 35 1 . 36 0. 00 1 1 . 0 . 

S . N . P . % - protein % ( lactose 4 . 81 4 . D2 0. 05 N. S . 



TA.13ill 7.3 Di£�erences between twin pair nntea for nilk 
protein and H cn leuloted laetoaon* porcanta�GO . 

Starch CON - Ccmtrol cow . 

Twin Cows Protein % Lactoee % 

1 5 , 16 + 0. 17 

43 ,  44 + 0. 1 1  + 0. 00 

1 1 5, 1 1 0  + 0. 10 + 0. 1 1  

1 1 1 , 1 12 + 0. 03 + 0. 00 

25 , 26 0 + 0. 11 

121 , 1 22  - 0. 02 - 0. 04 81 , 82 - 0. 04 + 0. 01 

131 , 132 - 0. 22 + 0. 1 8  

* Lactose percentage ;: Solids-not-fat % -protein % . 
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Trento;)nt Cow 

8tH.reh 16  
Control lS 

Stnrch 1 °,) 
<j" Control 1:31 

-�-, 

Trcot . uiffo . 
signif. ::;t 

5% lavel 

� .-,-

Pl.llulyoco on tho runon U<}lor of two po.irs of tuinn 
\litb one I3(];;lber of cach 01 ir  fad 1 lb . of sto.rc!1 . 

NH .... Cone . Total V. F . A. c�lur proportions ne:.N/l00 01 . pH d;!/lOO 01 .  
Acot ic Propionic 

44 . 7 13 . 55 1 1 . 78 G7. 6 I C . D 

46 . 8 6. 53 1 1 . 56 00 . 8 15 . 2 

00 . 3 0. 21 14 . 21 00 . 5  I G . � 

5:) . 8 6. 45 12. 42 OO . G 10. 0 

- - - - -

of V . F . A. 

nutYl"ic 

1 5 . 5 

1 5 . 0 

1 5 . 3  

1 4 . 8 

-



is given in Tabla 7 . 1 .  Tho :I.q:>ortnnt features of the �iU.oo includod 

the high contcmt of crude protein (28. 1%) and tho low content of totnl 

soluble sugars (G.  91<» • 

7 • 32 f;-iilk yield and CQPl?Rsi t ion. 

10. 

Tho original noun dntn for milk yield and cotlpOG i t ion nro presonted 

in JliL''1:.17:0 7. 1 and the ooan vnluoo far trontmont g1'"oUI)G, niter adjustment for 

prolioino.ry dll'feroncoo , are Given in Table 7 . 2 .  

LU lk yield \\'nS hiehel' for tho croup of cova wh ich roc.oived 2 lb. o£ st:,rch pOl." day , hut the difference uu.s not s1gnificnnt . F:1 t percent rrgo 

\\InD depresDoo (P < O. 05 )  end ooUds-not-fnt porcent oGo ro.iooo ( p < O. Cin  by 

tho ot;:-;rch supplomont . Too protoin percent 3ge in too rnlk ,�02 s imilar from 

tho t,'/o groups :md hoo00 tl� c,' lculCl.tea lactooo poroontf1Go ( D . ; T . F.� - protein % )  

Tho differencoD bct'l<ocn the 

v:::.luOG for indivit.'lual pair ontOD in protein and bctooc ( ca.lcu lntoo) POl"conturreG nre gi von in Tnble 7 . :3 .  I t  is cl{;)n.r frcel th1.s tublo tbnt 

there vms a considerablo vnrint ion in too response in protein porcant ngo to 

ac1diticnal starch, and ooe pair of C030 ( 131 nnd 132) in \7hich the "eontrol
" 

cal hnd n nuch higher protein pe:rcontage had 0. calSidor. ble effect CIl tID 

tronttw nt oenns . This pn.ir also differed moat in lnctooo perccmtage 

( Starch > Control) . Tbo !:Dan yiolcls of all milk coq;>oncnto wore very simiL.'l1' 

fo r tho two gl'mps . 

7 . 33  Grun-aeterist lca of l'UlOO!l 11 !JlOr • 

The mean IiI , anroonia concentrat ions , volati le fat ty acid conoontrntions 

nnd r::oln.r proportions of individua l fatty ncida in the sanplcD of rumon 11quor 
fran the two cows on each o:f t..�e treatamts , are e1von in Table 7.4. 



T:UJI1� 7 . 5  

Control 

st arch 

S . E . of 

The affect of 0 starch supplonont Civon to 00::0 , on tho dry out tor contont of faecal oanploG , and 00 pl.n.s::n 
mn.g:noGium concentrnt 1ans ( ng . /l00 mI. ) .  

Faecal D. tt. t'f II) Plooro He. 

8. 9 I . Gl 

12 . 8  1 . 02 

I!eL\DS 1 . 00  0. 13 

Difference s1gn11'. 
S >C H. S .  at 5% lavel 



Tbe two cows , which received the s tarch supplement hod h1tJher 

eooeentrations or volatile fatty acIds in their J."'UOOD liquor tmn the 

cCDtl"Ol caws, but the di2£erence was not s.1gnH'l.cant. There were mly 
minor d1f£erences in rumen liCJ,1Ol" pIl, and molar proportions of 

individual fatty acids , between twin pail' nates. Tho concentration of 

rulJ1lOnia :in tbe rumen liquor of CCR 122 which received stnrch, was 

considerably h1ghcr than tha.t fJ'Gm 121 ( CcmtJ'Ol) l:nt too treatment 

effect vms revemoo for the other wiD pair. In this ease there was 

a significant (P < O. 01 )  dUfenmee between COI:1S w1th1D. trentment groups. 

7 . 34  Faecal dry matter .CWteP* and pJ.apa magnesium coocentJ"Qtial. 
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The moon <h"y matter ccatents of too faecal suplee, and the plasma 

algnesiUt1 concentrations �or the � gJ'OUpS ot ears town.rdG the and of the 

experimental perlod are given in Table 7 . 5 .  The dry matter percentage of 

tl1e faeces f'rcG too cows reeelv1Dg starch was higher (P < 0. (5 )  than tbe 

correspond1ng value from tm eoatrol grouP. Six of the eight cows hich 

received starch bad a h igher plasma magnes ium ooncentratioo than their twlD 

pair matee in the control group, but the difference (0. 21 �. /100 ml. ) 
between tho means vas not statlstically significant. 

7.4 DISCUSSImJ 

Tbe 1:e0Jl soluble sugar oe.nteD't ,of the pastures \7aS consIderably 

lover than thd 1n pastures used 1D prev1.aus e:Qertnwmts carried Qlt during 

the sprtDn peJrioda but 18 CCilllpll-ab1e with pt'8viGus datn C8 autumn grown 

he'l'bage ( W11son ftt M. , 1966) . The supp-1ementaJly stueb probably increased 

t intake � readily available �rate by at least 1�, and 1n doing 



so made the autumn pasturo more �rable in tb1s regard "lith s pring  

pastnm. In spite of this relatively large t.Dcrease in 1"6f'..d1l¥ 

available carbohydrato there ws no dUfereDCe between tho l7lOatl PJ!'Ota1n 

peroontagea of tbe milk fran: the t1'i'O groups of (:(mG .  Thi s  "noentive 

rcsult
ff does not ,  ho1;ewr, disprove the hypothesis toetoo tl1O.t 

differences in berbago protein ut111zat�OD may effect cUk protein, 
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because there was a large vnrint100 111 treatuent effootu between twin pairs . 

Deeauoo intakes crold not be measured it 18 not kn�1ll wbotbar the 

intake of gross was reclueod ( substitution offect) , unaltered ( additive 

effect) ,  or Ggetl iDoreaSod ( 1Dteractiaa) by the add1t1oo of starch to 

the rat ial. It may be interred 1nclireet�, hor.lOVGr, thnt the total 
energy intake of the cows receiving starch \l!B8 1ncreaaod above the control 

gJ'aJp, as mllk yield was hif;ber and fat percentage lo\l1er fer this group of 

COlli'S . The alternntive possib1lJ.ty tblt the d11'feronce in c1lk fat 

pereentng.e was due to a cbalJge 1D the ratio 01 aae'tic to propioniC acids 

in the rumen liquor frail tbe two grw.pB ,  was also ruled alt (Table 7.4 ) .  

The Significant ( p  <: 0. 00 )  d1f�ueooe between the moan soUds-not-fat 

percentagoo of the milk pl'OdUeed by tho two groups o£ cows (starch :> Centrol) 

could not be acecxmtsd for by simll.ar changes 1D protein percentage so that 

the lactoso porcentago in the m1lk probably 4Ufered. Lactose percentage 

is known to decUne rapidly and J)1."OI:ein percentage to 1nerease towards too 

end of Q l aetatia>. (Waite, White and Robertscn, 1956) , so tho.t it � be 

suggested that drying off cb� pftlbahq contr1blted to all the results 

and in particular o.eeounted tor too low lactose am high pl'Ote1n percontuge 
of the milk pz'Oduced by CG:I 131 (Gee Tabla 7. 3 ) . l.lowe'ver, too possibility 

does rem.in that starch may 1nczoeaae lactoso percentage during saoo perloda 



of tbe year . In this l'Oprd it should be raner:be.red toot lacta3e 

percentage, as well as protein percentage, was .reclueed by Ruanu:1 ryegrass 

postures in ExperiJ:lo:Dts I ,  2 and 3 .  

The failure of the additional starch to induce a dep.1'eSSioo 1n rumon 

am!lDIlin eoneentr9.tion was not oonsist-ent with many previous reports 

(Robortaon and no.Wke, 1964c ; Cbr1st ian and WilUams , 1 9(6) • Because 

t'Bny other factors 1neluding intake � pastU1"e and rato of passage may 

llave altered ( see also section 2.8) fol1�1ng supplocDntatiOll w1tb starch 

the discrepancy is probably of litt le consequenco. 

Obeervaticn of the cows suggested, and subsequent mooauremant of tho 

dry mattor content of faecal samples canf1l"med, that the Qdded otarch had 
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a significant effeet OIl tID phYBica� characteristics o£ tho herbage residues 

as the fluid contcmt of tho faeces WBS lower from thiB group than too cootl'ol 

(Jralp. AlthOUGh there is some ev1dance to the contrary (Rook ond Balch, 1 (59) 

t1l1s �lolog1oal ciUferance sugsested that m1D&ral uptake from tile £000 may 

have boon oltoYOd. TID plasma JOOgrleslum ec:meentrnt lona civen in Table 7.4 , 

and roeul ts from a subseCJlent experiment ( V!ilson, Reid, tlolloy, Metson, and 

Butler, 19(9) , did in fact confirm tba t staJ."Cb supplet;cntntion may have a 

beneficial effect in ralsiJ:lr3 blood magnes ium CODCeIltration. This finding may 

prove to be of considerable praetlca1 significaue 1n too cCll�rol of grass 

tetany in c1a1ry cattle. 

7.5 sm&tARY AND CON:!WSIONS 

Tho etfect an milk yield n.nd ca:IpG81tlco of Q sta..reh .supploment (2 lb. /day) 

given to cows graz1ng Ruamtl �ss &1riag the autumll period was investigated 

us1D6 e13bt pairs of iclmt1cal twtDs. 



The grw.p fed starch produced a little maI'e mUlt, wUh a 10\101' 

fat percentage ( P < O.05) and a higher sol14s-not ... fat porcontago (p < O. Cln  
tbnn that pl'OdUced by the coutrol group. Protein percentage, and the 

yields of :fat, protein and sol1.ds-not-fat did not differ 6i{Jlif1contly 

between treatmant groops. \'lh11e the d11'fel'SJlCeS in milk cc&pOO itiOll 

within twin sets vnrioo CCIIlSiderabq between sets, the results \'lOre 

genorall3' eoaslstont with the starch hnv1ng g1von an ir.lprovemalt 1n level 
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of feeding Which retarded tile typical changes in milk C'" "lal1 t10n that occur 

n ..I' when cows 91'0 dried olx • 

( calculated) and 8OUds-not-fat percentages 1ft tba milk :from t:te group fed 

starch. 

The exporilaent provided DO ev1denc to suppQt't too �potm8iG that 

storch improved the utilization o£ dietary protein and hence milk protein 

synthesis . 



EXPERUtE!:tr G : EF'FlOC!T OF m'ARCll 1\N) PElUIDT OIL StlPPI..tMIl'1I'S 

ON MIIK PROOucrION. 

8 . 1 INTROIlJCTION 
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In vi.ow of the tnecmcl.uslve nature of the rosu1ts obtn.1ned in too 

provious oxper1o:mt it llIQS dec1ded to investigate tm ef�oct of addit100al 

starch given to C(J;iS grazina hieh n1trq;en Ruanu1 ryGUrIlSo <luring the 

spring. During thts periOO the twin cows wero at a 001"0 fovoarnble stage 

c4 lactaticm than in Elq>er1ment 5 and 1t s during 1'1ovcd:Jer tM t tho high 

nitrogen Ruonu1 ryegrllSS postures had previously roou1tod in 10'3 solids-not­

fat cmtents 1n Llilk ( chapters 3, 4 aOO 5) . 

Sopplaamtary starch m1.ght be expected to increnso tho overall levol of 

feading of tho cows relative to too DCIl-stlpplnmanted ccmtro1 gralP. As 

total GDorry tntoke is known to be the meet iJIplrtnnt fQ.Ctor which can 

iDfluance tho so11ds-not-fat content of milk ( see 1 . 5:3) a tb:1 rcl group of COt1S 

was given a noo-carbohydrnta supplOl'.!DDt of s1m11nr calorific value to the 

added starch. Peanut all was choaon in order that tho as:par1ment could also 

be used to investigate certain 1'nctora which may influence the OCCllJ'1"eDCO of 

crass tetaI\Y in cattle. '!'be results of starch and x;ennut 011 supplements on 

magnesium, calcium, and pbosphorus l.cvels in the plason of the cows used in 

thla exper1.rimlt ,  have recentq been p.lbl1ahed (\1i1scll, Ro1<:1, bUoy, Matson 

and Butlor, 19(9) . 

Tho e.Kper1ment vas first carried GUt during early spring ( September: 

Experiment A) eben too results ean.eerning plasoe mineral levels were of 



greatest importaIl(X) ( see '\'l1.lBon et al. , 19(9) , am then repeated in 

Noved)er ( �t B ) .  S ix  f1.stulated CQlS were 0.100 iDcluded in 

the Novambm:' aKpOS'1mant so that tile 8I'lUOOIl1.a and volntilo fatty acid 

concen'trat 1oDs in rumen licpor t'Jhich resulted from tho throe rations 

could be masured. 

8 . 2  EXPERIMENrAL MEI'IlOOS 

8 . 21  AD1mals and desiGn of �uts .  

Twel� pairs of � triDS which had calved in JUly or 

August wero used in each experiment . DurlDg the preliminary per1.ods 01 

both eXper1memts ( 28 Aug. - 4 Sept . ;  6 Nov. - 14 liov. ) all CD:IG 8J'Szed 

mixed pas"ture. The COWB ware then divided lDto tbroa treatm n t  grcnps 

( 1nCOOJplete bal.nncGd block des1gn) for the experimental periods (4 Sept . -

1 9  Sept . ; 14 Nov. - 25 Nov. ) .  

In the tirst oxper1ment (A) five pairs 01 tw1DO wero two year olds , 

CJIle pair was tbroo yoars old and tbe 1'eJlIB1Dder 1!lBtta'e cows ( 5  y06rs am 

older) . For the second ex.perSmant ( B) GC:IIi:I9 of the cows lWOO in the first 

had to be replaced. In thiB � tbroo pairs of twins J."C two year 

76. 

olds snd the rema1nder 'We1'e mature eo.vs . All cows used wore Jorseys azcept 

tor 0Ile pail' of three year old P.rSsslans in A atJd cae pair of oature 

Friesians in B. 

1'l'eta'!l:!:!!.!!'! poup ot cows 1l8C&1Wd DO supplelllmt. (ccmtl'ol (pICOp). a 

seeand poop � eight cows PeB11l1t 011 ( 205g . /ct)tf) toll.orl.n8 ell mS.1..Itlng, 
and the ranainiag eows wheaten starch (45C\J. /COIf suspended in tor) 

foll.olrlDg ea.eh m1lk1Dg. During both experimental periods the cows grazed 

"h1gh nltJqJen" Ruanu1 r,egrasB . 



l!&Sj'qrea: The pasture used dur:tng the preltminary per'1oc1D consisted at 

mixed ryegrasa 8Ild white clover pastures wUh srm U  �n.titlGS of 

cockafoot and prairie grass . '1'lID five paddocks CCIltain1na pure swal'ds 

02 RUOl&11 ryegJ'SSB (see Table 2 . 1 )  which were used dtl:r1na the experimental 

periods had been mat.nta1ned vit h annual dress1Dgs of 3 cwt .  superpbosphate 

and 6-1 0 c\"rt .  sulphate of ammonia per aere. on 20 July these pastures 

were topdrcssed with 2 cwt . muriate cd. potash and 3 ewt .  c:d. GUlpha� c4 

Ol!JIII:)f1ia per aere • In the period between the two oxpor1canta G total � 

" �-t . O"f sulphate of ar:u:n1a was appUod. 

The cows were gi,geIl 0 fresh bJ:eak 01 grass every day. the size of the 

break beiJlct adjusted to ensure tIla t voluntary lntake was not I'ODtrleted. 

The Ruanul tyegrass po.stures were grazed at fl belght of 0 - a inches . 

llf!'!?!e: Representative pasture s�los taken t1"Ol!l 11 mmtJer � pAddocks of m1zed pasture <lUring the prelimtnary period Off. oa.cb o.x;perimant 

and s1t!l1.lar SCilq)les obtained frc:lm eaeb of the five Ruanul I")"egI"SSS postur 

usod. Freeze-dried samples wero baJWled and nlysod far crude protein, 

crude fibre, o'ther extract and soluble sugar cootents ,  as described in 2 . 4 

and 2.5.  

Milk: Mt.lk yields 
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taken flOB lbiiv1dual cows t.w1ee ach far milk w.:alysis . Butterfat . 

total 8OUds. and protein ccctEllts ftt detumlDod 88 scrS.bed in 2 . 6 and the 

lactose figures used 1'e those obb1ned by use of I .R.M.A. 



TABLE: 8.1 Cheld.cal eampos1tl00 � bat'ba(Je dJ'y matter ciuJ:iDs praUl"4IMll7 and 
eKP8rinlmtu pertods � Eaper1maBt 6. 

EqJerlmtmt A (Sept. ) EJq.le� B (HoY. ). 
MiXed Ruamll S . E. Mixed l1uaDui S . E. po.sture of pasture �s 

of 
rJUP' mGaDB Ileana 

CnJde PI'Otein � 28.5 24 .8 0.81 22 . 6  25 .4 0. 75 

:::.� tibn % 16. 6 16. 2 0.9"1 19.4 19. 7 0. 90 

Ether extract � 6. 5 6. 9 0.33 4 . 7 S. 6 0. 33 

Aah �  8.6 s. O. 8. 1 9. 6 0.45 
Nltrc:uen-fl'Ge extract % 39. 1  43 .3 2.30 45 .. 2 89. 7 2 . 38  

SOluble sugar " 14. 5  16.0 0. 66 11 .9 9. 2 0. 54 

Number aI. aaaples I ·5 1 (; 



19P!!!P lJ.wse:-: S1'ulI'1es Of rumen liquor were taken from too six fistulatod 

COlIS (15. lEi. 131 , 122, M45, *8) , which b3d been randomly alloca.ted to the 

three treatments. en two consecutiw days 6urtng the aeccnd � 
Eaperimant B. Samples were obtained and analysed as described ill 2 . 8. 

statistical methods : Theee methods wo-re ns deecnbed for Experinlmt 1 

(3 . 24) except that the zelatlambip between volatJ.le fatty acid and a.ntllCIOi 

ccmcentrntions was oxalil1ned for 1nd1v1du 1 rumen liquor samples within 

treatment gI'alpG . The analysis used the exteneian to too regression 

analysts as out l1Md by Snedoeor (195n) 111 which the errora � ostlmate of 

tl» average within tJooatnent gzoup :reg;ression are div1dOO into variat ion 

associated wi th the  rogressim eoe:ttic1ents and to too deriatioos fl'om 

individual treatmnt gJ'wp reg:l9SSiODS . In tb1s y the toot wns made of 

the s ignificance of the differences be'tweeI'l tbe 1nd1Vidual trentmEllt group 

regross1co coefficients (Append1x 8. 1 ) .  

8. 3 RESULTS 

8. 31 �eal AA9J0S1t1ee of �bg pytu!'08. 
The results 0'1 the chemical 8Dfllysis at the pastures al'O Slven ill Table 8. 1 .  In oacb of the tvo I"imonts the �it1CD of the Ruanui 

ryograss aDd the mIsod pasture 1InID s1ml1aJr in most re.opoets , but tbe Ruauui 
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�s in Ezperimant B \V89 h.1ghiez' in CI'U fibre amd lowor in ether extraet, 

nlt�-tae ext ct, and soluble .BUgar ecmt ta than tro corroepancUng 
_lues in Expe t A .  
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Fig . 8 . l  Av erage daily milk yields  and mil k  c ompo s i t i ons 
from gr ou p s  o f  twins grazi ng Ruanui rye gra s s  i n  
S e p t e mb e r , suppl e me n t e d  wi th starch ( 0 ) and 
peanut oil ( � ) .  ( C on trol group , .  ) .  The f i r s t  
t w o  sample s ,  mixed pasture feeding . 
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Fig . 8 . 2  Av erage daily mi lk y i e l d s  and mi l k  c ompo s i ti ons 
from g r ou p s  o f  twin s  grazing Ruanui ryegrass in 
N ov e mb e r , suppl ement ed with s tarch ( a ) and 
p eanu t o i l  ( � ) .  ( C ontrol group , .  ) .  The first 
two s ampl e s , mixed pa s tu r e  fe e d i ng . 



TABLE 8.2 Tho ys. 14 and CQ1ip)sltlon of milk tIua. . e _van sta:rch 

ead 011 supp1eaaWa: adjWJted treatment me:ans .  

S . E. SipU. � Ccl\.tr.o1 Oll or 
(S) ( C) (0) 1IB8nS P < 0.01 

§!I!riJlent A i ..... 
I Uk y10ld ( lb./cow/day) 31 .4 aO. 8 30. 8 0. 61 -

� t $  4. 65 4. '12 5. 17 0. 13 O > C  0> 8 

I Fat yield ( lb. /COW/day) I 1 . 42 1 . 42 1 .M O.ot O > C O > S 
SoUdrl-not-rat % 9. 16 9.06 9 . 00  0. 04 8 > 0 

Protem % 3.81 3 . '19  S.5? 0. 00 8 > 0 S > C 
C > O  

P.Irote:1n y1 ld ( lb. /�/day) 1 . 19 1 . 1. 1 . eB o.m S.:::' O 
I 

Lactose " 5. 07 5. 00 a.ot o. � I -I 
E!p!I'Smeat. B .  I I 

I 
Uk yleld ( lb. /eow/day) 29 . 1  71. 7 28. 5 0. 10 -

Fat % 5.27 5 . 21  5.N 0. 11 -

I'nt yl 14 ( lb. /cow/day) 1 .00 1 .41 1 . 5&  0. 06 0 > 0 

Sollc1a-ootoooht � 9. 20 9. 22 9 . 10 0. 00 C > O  

Prote1ft $ 8 . 84  ,S . 81 3. GB O. w 8 > 0 C > O 

�.Sn 71eld (lb. /"'�) 1 . 11 1 . 05  1 . 06  0. 03 ... 

Lactose 5. 16 5 . 13 5. 07 0. 03 8 > 0 

PJ:vt in � ( last 2 da.ye) 3.99 8. 85 8 . 68  0. 03 8 > 0  C > O  

01 dit.ta . 

P < O. 06  

-

-

-

S > C  

-

S > C  C > O  
-

-O > C  
S > C  

8 > 0 

-

... 

C > O  

-



8 . 32 .lIt y2iQld end Q01iI?S!@1tSon. 

The adjuSted Deem data �or milk yield and �lt1.on are g1.vEIl ill 

Table 8.2 and tM or1glnal data B.1"G plottod in F1guros 8. 1 tUld 8. 2 for the 

A and B eJC.PElI'i!llents respectively. 
In both experiments the mean milk yield and COIlIpCSition data for the 

conbol cows ( aatillg Ruanui pastures) in the ar:per1mntal period, re very 

s1.milar t.o tooso prcx1ueed dU1'1ng the pre1:lminary period ",boo too cows J!e 

grazing 00. m1zed pastuzc (Figures 8. 1 and 8. 2 ) . 

'19 .  

In E:!t:pariIlxmt A there were no signUleant d1fferoncoe between treatments 

1b r  mlk yield, although the yield from tm COWS roc:elv1ng staroo was s Ur;ht 13  

hIgher thnn the yield fran the other two gI'OUpS .  Peanut all increased the 

buttorfat percentago (P< 0. 01 )  in the milk and also tho rutteriat y1.eld 

rel ntiw to tho other two groups. starch 1ncroased tho BOlidD�not-tat 

percentage (P<O. 05) whareas peamt oil depressod it sllghtly. The pJ'Otoin 

yields and percentages in 1210 mtDs ware in the order Starch > Control > Poonut 

011, and all tbese differences wore e1gn1.f1cant (P < o. a» , but lactCEO 

percentago was s1ml1nr for all gJ:'QJPS . 

In Exper1.mant B the milk yields lIMe s1rdlar and peanut 011 1Dcreased 

tile yield. aDi pe:rcent age  of buttor1at in the milk as 1D Exparim9nt A. In 

this secClld aKpeI'1ment peallUt oU clearJr l.oweftId solids-net-fat (p< 0. 01 ) , 

prote1n (P <. O .. Ol) aDd lactooe (P < O. 06) percentages \1bereas starch bad no 

effect aD the sol1.ds-not-to.t percent go but raised tbo proto:l.n percentago of 

tbe milk, partIC1.llarly tGwa� the sci of the ezper1mantal period ( P <  0. 0l ) .  
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Fi g . 8 0 3  Diurnal variations in the volatile fatty acid 
c o n c e ntrati on o f  rumen l i quor from c ow s  
grazing Ruanui ryegra s s  supplemented w i th 
s ta r c h  ( a--o ) , and peanut oil ( J::r-6 ) .  

(C ontrol c ow s , .---. ) • 



Treatnvmt Cow 

staJ'Cb 15 

Control 1 6  

Peanut 011 45 

Control 4a 

Peanut 011 121 Starch 1 22  

Tl'eatment d1tf. 
s1cntt . o.t 5% level 

1% level 

TADLE 8. 3 AJlal.yses OIl the l"Ut:Ial liQUor from flstu1ated 

caotrol cows , ana starch and 011 tad cows 

( Nov . expt . ) .  

NH� cone .  Total V. P . ," • • 
Molar proportions (%) and CODCentrat 1ooo ( 

mg. /100 ml. pH nf�l00 01. ot V . F. A .  (1lf,!/1 00 ml. ) 
AcoU.c Pl'op�CIIllo Butyric 

33 . 0  G. IS l� . O  08 . 3  ( a . 9) 18. 1 ( 2 .4) 13 . 6  ( 1 . 7) 
37. 0 6, 12 13 . G  00 . 7 ( 9 . 4) 1 7. 2  ( 2 .4) 14 . 1  ( 1 . 9) 

35 . 8  6 . 20 12. 1 00 . 2 ( e . S )  17. 6 ( 2 . 0 14 . 2 ( 1 . 1) 

34. 9 a . l 0  13 . 5  69 . 1  ( 9 . 4) 17. 2 ( 2 . 3) 13 . 1  ( 1 . S) 

36. 4 6. 24 1 1 . 8  00. 3 ( S . 2 )  1 7. 4  ( 2 . 1 )  13 . 3  (l . G) 
35. 8  6. 24 13 . 5  07. 7 (9 . 1 )  1 7. 5  ( 2 . 4) 1 4 . a  (2 . 0) 

- - 8 >0 C >O - ( 8 )0) - ( C > O) - ( - ) - - - - (C > O) - ( 8 ) 0) - ( - ) 

) 



so. 

The _un ifl. O:Jl'I!DDia concentrations, volatile t'at�.1 acid oonoentrattons, 
lar proportions and ecncent.ra.t1oDs of individual fat ty acids in the rumen 

U.CJlQrs from tho two QCl?S em ooeh of the esper1mental tZ'Oat.:aents are given in 

Table 8.3. Tho C CMJ  tha t were treated with 011 had a lower concentration 0'1 
total volatile fatty ncids in thelr nulIeO Uqugr than either of the other 

pairs of CQffS· (P < 0. 01 ) ,  the fd:teet being prosent at all sa:nt'l1Dg times except 

prior to fead1ng ( see Fig. 8.3 ) .  The molDS' prcpartions of tho 1nd1rldual 
fatty ac1da VlSl"O very s1m1la.J:o :for all eavs , but because of tho differences in 

total eoncontration, the CODCEmtratian of acet1c (P < o. Ol ) ,  propion1c (P < 0. (1 ) . 

and butyric acids (not signUlcant) were ].,ower for the cows receiving oil .  

The nvernge wmxmio concentratim 1D the I"UIIr3ll l1quor of tho QCLVS 

reeelvinc starch was sliabtll' looer t han the BVOraee for the other two treatllents 

but the dif1erenee was nat sign.Ulcant. Tbere was n sign1f'1eant eon:elation 

(0. 52, P < O. Ol )  between the volntUe fa.tty ac1.d am 3.IlDCIlW concentrat1als within 

individual rumon samples , and the wi thin Uea'biJant gralP rolot1onsh1ps bet n 

� Uquor volatile fatty acid and anm:m1n concentrations did not dUfer 

signif1enntly fran the aVQraoe wlth1n SZ'0Jp I'egressim (Append1z: 8. 1 ) .  

8.4 �SCUSSION 

The �1'ects of three soparate factors em milk yield Qlld composition 

warrant discuss.iOl1: the i.Df1ueDCe � the change to RunlJul l'Yagross feeding 

em tho mUk p.l'OduetioD of tbe CCIIltrol poup of 00I'I8 .  'the eUeet of 

supplamentary stfll"Ch; aDd tbe ettect of peanut oU s�nts ClI1 milk p1'Od�etiGl. 



81 .. 

� Gtf�: In oCD:trast to psoeviGUS �s ( 1 .  2 aDd 8) in 1cb 

Rua!wl ry'egl"aSS eaota1D1.llg h1gh l&vols of ni trog(m caused low Gol1ds"'not-� t 

contents 1n m.11k. t'b1s effec.t WOB not awarent in tho milk Of the eontrol 

group of cows· 1D either of the present experlmDnts (Flas . B . l  and 8. 2) .  The 

reascm tor ti'l is d1Heronoe was DOt app�t , bat there \'iQrO several major 

points o£ difference between the G3iPOrimont s .  Tho man mi lk  yield of the 

oows uood 6ur1.ng tbe present experinDnt SOIl'D 10 pel' cent bekM the � yialds mtnimd in the pl"CJV1ous ezpor1ments .  Fol.lowlDg tho 

cbnngo to Ruaml:1 ryGgrass foed1ng, m:1l1t yields ftmID.lnod s'tGady 1Ds'tead � 
dacltniJlg as in the pIOV1als experiments. This my haw been related to the 

fact tbnt too eru.de fibJ.to eccrtont af the Ruauui ryegrass 

present e.xporS.mant • 

SUppl.eJ!lQntw starch: Th0 aupplooleutary starch lncreasod the dDl1y intakes 

of Uabls ea1"bahydl'ate by at least sea. It \:I3tJ cleaJo from the 

results that tbiG supplemant the yield of prote m  ana the prote1l1 

percentage 111 the mUll: (end S.N . F. percentage 1n EKper1meDt A) , but because 

the Ruanul pastures did DOt 10' the prate1D and S .N. F. pereen . lD tt. 

milk f.rall the ncm-supp1emanted CCOUol group the hypotbasSs � the cause 

of the low values associated with h1gb nitrogen Ruanul zyeernas was not �ll7 tested . • 

ta, t 7, the dd1.t 1cm of etuch to the rnt1al did not result 

1n as .zoge seduction in ruman ia  CCIIJICeDtra:tt as mi3bt have been espected hom p!eVious ( 1957; Cbr1stSAn and 

1111 , 19(0) , 80 fact:tes ot r t.baD the lDtoke of ntt.regen and soluble 
calbOhydrato DUSt 1Df1uenee . Bt!J!JODt.n. le. TheDe may traclude the 



aDd the level of supplenrmtatton relative t.o the carbolVdI"ate an4 nltrogen 
CClDtents O"� tho hsl."'bage. 

Rumon proporttonB and c:oneentratlons of lnd±v1dunl fatty acids were not 

changed to any extent by the aclditiOll of starch (Table 8.3) so the ebange in 

protein pa1'Centage CCKlld not be explaSDed an the basis of a change in the 

volatile fatty acids in the I'U1DeIl l1�. 

Althoutth tho d:U'ferenees 1D the milk yields betwoe-D treatmarrts WH'8 am 

statistically sSgnU1cant too studl 't.ed COWS pnx'luced JDCIGt mllk 1D both exper1ments. The relative iq).artanoo of a U improvement In t he  suppl;v 

� energy (relative to tbe crmt.-ol �) and tbe possible influence of on 

improved carboI\YdJ'ato to pro'teln l"atio� eould not be assessed with ce1"to.J.nty 
fftIm the rooults. Ilowever, the small chaDges in milk ylold am ecqrosltlan obtained are 1n l1ne wi1:h maar prevlous eJrpOl'iIlDnts 1n which pasture fed 

o.nlmals have becm supplC!8:tn'teid with e8l'l:JobydJ'ate ncb feedstuffs (e . • g. castle, 

DJ:ysdale and l'latsm. 1960; IIU ad Bowman, 1900 ; Corbett and 1lo,VDe, 1958) 

and iDdlca.to that tbe soluble carbolVdrate CCIDt t t:4. .grasses prclbabl¥ 

�luEllCeS tho proteiD c:c:mtent of the lk. 

Stmpl:!r!mtm. peAA9! 9!1: The 8Upp�ary peauut 011 i.nezoeased the ltpid 
mtake of tbe ecne by be� 50 aDd � . This was oquivalant to an ether 

extract in the nt1m of Bppz'QX1saa l¥ 9 - 1QL. 

lD too 11t Btu.re the'I'e an ImJ.7 CGIIfi1et1r!a l'OpOJ:'ts Of tho effect of tbe aJDCQDt and tJPO of fat ill tbe d let of COWS CID tbe y1 14 and but'teft"at eonteot 

of the _lit. 'l'bG teedtDg al b1ghlN UDSaturated flBh oUs (e.g.  cad U 011) 

has aleI"a1J¥ reduced tho fnt CCIlt.ent of the mllk aDd somettl:l8s also mllJc yu.1d ( U, Reid and Patc.boU, 1967; Shaw aDd Ensor, 1959) . 'I'bG l'aluet 1aI 10 

mUk fat mov result Sm.tUect� tbFough altU'at.ioD 111 tm p�1cms f!d vollltUe 



�atty aekts in 1:'be rumen, CIt frail an eft'ect v1a in'bimtediary Detabc:111sm in 

the body c:M J!!AJ'lWllaJ'y glaDCl ( Sutton, 1900) .  The feocllng of oils of plaDt 

orlgin baG bad 9ariahle affects ell milk y1ekt am fat content .  

MCIllo\1al1 et al. ( 1957) obta1nGd no ef.feet og added peanut 011, l1nseed 011, 

$OY8 bean oi.l (and tallow) al milk Y1eld and cxqKJSlt1.an, �as in the pI'e.aeIlt mrpo:I"1mnt milk "lold was U tt18 afieetod, bat butterfat yield and 

percentage were increased significantly 1D both cxper1Zllmts . 

Butterfat produetiarl was clearlY stiDllated by tbe nclditkm a£ cU. 

Because volatile fatty tlci.d product:t.an appeacad to bo lower, rather than 

h1gbor, it 10 likely that this stimulus J"9BUlted from an 1ncruased 

ineorporotlGn of klQg cbain tatty acids into the milk fat (see 1 . 54) .  

83 .  

In the two· present e:xpertnents poanut oi l  given to 0Gm caused a �:1al 

in tbe protem and sol1dS-oot�at percentages in tho milk. A 81mU.a1' _feet 

on sol1.ds-not4at peroantago 'WaS cbta1Ded with added tallow by Peters, Barris" 

Mulay and Pi:nkertm ( 1961 ) ,  wi tb FrSeslan bUt not Jersey 00'lS , � at.beI' \\Orkars 

have found DO Changes In the S. N.F. pereentaoe in m1lk (Nc1:)ogel1 et ale 195'7) n 

add1 tiCllal olls were fed. 

Too eigniticQDt CDn!"81atlal (0.52) between the volatile fatty acid aDd 

8IDJDls COI'lCEIIItJ"atlaos with1rl iDdlvidual samples of l'UJDl 11<J.101', suaggsted that 

tbIJ variables ... e affected by a (dlftOfl factor such a.a teed intake . Further­

JDOZ'I&. the 1'9laticmship between the w.latl1e tatty acid and BrlJIIIJD1a OODeGDtratlcms 

did not cU.ft-er for the 1'UI1&l 88q)lea obtaiDed fJl'Olll the CO\lS \11tbln the different 

tnatment SJ'Q1PS. on the otbGr haDel, peanut oil was sboan (Table 8.8) to ha 

I1ttle efte<:t on protein 1'OOtabol1sm ( aaMlDla  coacentrat1.on) but a sign1f1caDt 

etfee't OIl carbobydrate metabol1sm ( lowar  QI!lIDCeOtrat1on of 'QOla.t-i1e £atty nelda) . 

This o'baerVatioD, taken tcgetber with the fact that t� was no evidc:mce hom 



the milk yield data to 1Dd1eato that tbe oil treatment led to a gaoeatly 

roduced intake ( as  bas occ:uned in some ex:per1meots ; Uobertson and BaWD, 

196& ) , suggastec1 �t the added a1 may have altend the microbial 

popul.at1m in tho rumen. How III posslble ebBngo in m:I.cro-or'gan1mns might 

induce a cheage 1D milk prote1n synthesis was not clear, rut the results 

tI'om this axperiment do ind1cote that the lipid eontent of some rat1ms may 

be of more s1gn1t1canco in 1n£luonetng tho protein cmtent of Ll1lk than bas 

84 .  

prev10USly been renl.1sed. In this regard it sbould be pointed out that tbo 

effects of s-oort Ruanui � ,  and Ruault ryegrass foll.ourUlg heavy 

applications of nttrcgenoua fertl11se:rs , CD tb:l protein content of mllk . 

(Chapters 4 and 5) may hav-e been partly duo t o  the higher levels of ether 

extract in these pasturos �red with the CUltrol raticms . 

8.5 SUf£1AllY AND C<H:W8IONS 

st.arch ( � . /day) and peamt oU supp1ellDJlts (41�. /day) re If"' 
to groups cd. oight caws \7h1ch graz.1Dg RnaaJi ryograss dor1.ng t'QlO 

exper11!lents carriod out during the spring period. 

The COIV8 rocoi v1ng starch produced aUk which contained higher y101ds 
aDd percentages of soUda-DOt-f t ODd protein , 1nd1cnt1ntl that tbe &'e8dl1y 

ava Uabla car�t irnction o'f pastures may be EIII:pOCted to have 

1D1'lusne8 em tho proteiD content of milk. The oc:1ditional starch did DOt 

iI.1flDe1Ice. the pzetG5.n ccm.tcut by alter1Dg the molar ps'IOpOrt 1oos of tnd1v1dual 

volatl1& tatty adds PJlOsent 1n tbe l'Uli1OD U . of tbeoo OOTJS .  'l'bel'OfClK'O, 

t process tnvoJ.wd probab� a 11 lJrproveamt in the level of r. 1Bg 
or an � uHUzat10n of d1 ry pl'O'tem toUGWtng the addition of starch. 

If 1 1 of teed1Dg the �ant faeUJr of the two, it is cleu that tdlk 

yield is not a sensitive indicator of the ebtmge. 



The COWS l'eea1v1ng peanut oil. produced mUk w:tth a hig� yield aDd 

percentage c:4 wtterfnt, and 10 r emltents at aollds-not-fat and proteiD. 

85 .  

The higher fat ccntant of thct m1.lk was probably � to direct 1Ilcorpo1"atioo 

of dietary fat into milk fat . No ade(Jlste osplanat1on eould 00 made far 

the changes to tile ccmteDu o£ s-olids-not-fat and protein so Ul ut further 

exper1mDnts lOl91"e cons1de7:ed neeessary ,  especialq as the atbor extract ecmtent 

of the high nitrogen 1'Y88ft1SS vas bigher tban the content :1n low ni� 

gnss ( 5.31 ) .  

The mntft1al presouted in th1s chapter bas been published (i'lilaco aDd Dolby, 1969) along with tOO plasnn tldllora l data (Wllscm t a 1. , 1969) which 

cioos DDt fOl'lll part of too pnlSGDt s'tw\v . It 18 of intG1'ODt, hooever, that 

the stnreh supplGroont reduced the exteot of the tall in plaSJml magnesimn 

coneentratJm, wooreas the peanut oil inereclsed too roductl00 in plasma 

magnes ium C!JOI).OOntrations brought about by tbe high nitmaw Runnu1 ryegrnss . 

Hence the possibility ensta tl¥at p1asllll magnesium status nay afieet milk 

eompos1tiCll, but at prel3em theN is DO basis tor suggesting that tills was a ensuel relationship. 



m\PERDU!m' 7 U'I'IUZATION OF RUANUl RYEtaASS BY 

SHEEP FED PEANtn' OIL. 

9 . 1  IN'l'R<DUcrICIl 

tn �lmeIlt 6 (BOO 8.3) a peBIlut aU supplomen1: me shown to 

st1wlate the p!'OdQctian of buttel'fllt tnt depI"ess mlk proteiD and pooslb� 

lactase pJ'Cductlan. I t  was suggestod that t he  affect al fat synthesis was 

clue to an � 1neorporat1<m of long chain fatty aeids 10 milk fat but 

no adequate explaDl tlca far tha ef�ect of 011 OIl tl-.a protein content � the 

mtlk was made. CGDSO(JleJ1tl,y a further o:xperimant was CQDducted to provide 

more intomat1on ecacerning the �ect of added 011 on too digestion ar. 

ryograss . In tb1s �j.ment , sheep were ted 1ndo>rs in 0Z'der to obtain 

eaotzool Oft%' aUke and SO facUltate the meaBUrOJIIerlt of the utilization � 
the prote:1n, caI"bo'IVdrato and fat C(Il'6lGDeDts 01 the grass . 

00. 

Too effect of 011 em the utu1lZatklrl � rat10a �Gnts bas J)J!'&v1ously 
been stud10d ostensively but NSUlt6 have balm highly varlabl..e. Low 1 ·· ls 

at supplEmentation have usualq led to the st1rll.tlntion of ear�te 

d1gestla1 and given Ja:)re ottlotcn't we1gbt ga1Ds (BsplSn, IInle, Hubbert and 

Taylor, 1963 ; � ,  Tbadter. Black, Bratzlsr and JaD&S, 1947) . Higb levels 
of fat , barover, have gElltmll1y I'SSUltecl In a l'OWet1on Sn the d1.cOGtlb1U'ty � 

all feed COi�.....,.ts ( SwUt et Q1. , 1941' ; Bzooaks:, Gomser, Oe1l1'ke and !Iuhrer ,  

19M ; �. StJ'DLy aad T11lmBa, 1958) , sad alaeGt wi"tboUt eJf.'CGpt1.al tbe 

erfect CD cubohydrate dlgost.i.oD has been gzeater thaD that on. protom dtaOst1Cll. 



8'1. 

Apart from level of supp1A:Dentat toD, the ef1eet of oil. varies wtth 

its eompos:1tim (Brooks at al. , 1954) , methcd at administrat ion (Pftuldel' 
and Verma, 195'7) , cnal1ty of tbe bask ration (Esplin at al. , 1 963 ;  Erwi.n, 

Dyer and Ensminger, 1956) , and level of mineral ians present ( Grcinger, White. Baker and stroud, 1957 ;  \lard (It 0.1. , 1957) . 

I t  bas been suggested by SGVOral worlers that t he  � of aattan 

of oS.l 1s to coat tho fibrous particles with n protective layer (Ward at al . , 

1957; Pfandlitr end Verma, 1957) but Ub:1ta, Gra1Dgor, I3aker and stzvud ( 1958) 

foond that cellulcse dtgestibility was not �lotoly res1JOn:Kl until. 17 days 

after the I'aDOval of oil ODd intEa'P1'Oted this to maan tba t bacter1al act! Vi ty 

must be aftected. This coaelusial was supptWted by too results of Brooks at ale 

( 1964) which included an increase Sa tile pI'CpOI"tioD of cooci to bae1l11 in the 

I:'UJED l.1(JJ01" fo1lc7.ving the tmwHng of , 011. 

'1'hen is less "IlI'OlS 1"9Ji>orted CID the eUect of supplementary Up1d. em. the 

eoncentl'atlC1l of ferllDlt t 1a1  CIDd-p!'OiWcts 1D the 1'UIDOn. However, with fa 

exooptkDs, acetic acld eODCOl'ltrat1 m has been JII'edUced ancl prc:plca1c acid 

concentZ'S't1aDa � tollow1.ng add1.t1cn of oils (Hottle QJld Rock. 1963 ; 

SbmrI. EDsor, 'l'eUecbea and Lee, 1960; RobeJ'tSCI'l Bind HaWke, 19648) . Tbe 

redIlced acetic acid e<meentratlOll Sa cooslstent with Q depXGss1aD 1D tbe 

attl.tzatSoB or tile flbrous traction at the ratiOD, 11tt tho � in propiOD1e 

add ':tratlCD bas DOt beeIn ade41e:tel¥ aplaiDod. 

With tba ' t:lal _ � eaI:POftIalt of Robel'tacIl aDd Ra (1964a) , 10 

wb1eh l reduetiODB ia tat , UcQed tID I'mults,. ... _ the a.I:Jc.l'Ve absoluteJ,y UcabJe to too present sltuatiCll as 

they WOl'8 COI'lC&1"Jled Ith 'the ft  at of 011 .. tl'le uttlJ.zat1oD o:L (H.eta ct.hel' 

tbaD tresh pBBtuI'e. Tbis factDr. tog'Bthor wltb ,tho, td raage Of resu1u ' 
obtatDed in � 1iOrlt furtbar Gq;Ibaats the DCefl tor the present � .  
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9.2 EXPmmmr mmroDS 

9.21 AnWls pd daB!p of E!l!.!i!p • • 

88 .  

Tva mntura BaIIley wethOJ'S (Sheep 2 and 4) oDd two matUJ'e R.cIsIlG)' X 

Cheviot ewes (sheep 1 am S with rumrm t1stulBG) . 1"8 used in tho eapel'1ment . 

Fo11aw1Dg tl'GntnJmt fOlt lDtorml puasites (Th1obEmdazole )  they were cc:m1i.ned 

to tabou'am crates am hcused iDdfxm; .  'i'be sheep re fed tbroughoU't with 

fres� cut (on.ee/day) Ruanu1 ryegrass pastures Wb1ch had rooalwd 2 cwt .  of 

a......,1.um sulphnte two weetrs prior to ttae � cd tho <»q»r1mDt . 

Fo1low1ng a 'trai.rd.J:le per10d � weeks to nceustcc the sheGp to 1Dcloor 

cQldi t10Ds aDd to tabllsb wluntuy lDtakes, tbe sheop WW'O put cto tbe 

ebangeover esperiDlmt described 1D Table 9. 1 .  During the six of the 

axper1ment the tour sbaop � offered the sam- gl"eOn weight of ryograss each 

4ay. The quantIty chosen UQS betwoen 500 ODd 000 g. of dry tiD tter per day DB 

this was below tbe quantity CQDDIlmod by tbe poorost ter during too trainS.Dg 

period. Appz'O'ldmately t\70 f"1.ftho � daily rat1cD was fed at 9 a . Dl. , aDd t 

remaiDdor at 4 . 30 p. m. 

The quant ity of {B amt 011 adrn1Dtstoreti ( s.m. 10 ml • •  p . m. 13 w. ) 

cal.eulated to g1vo approz11:Jately tbe same ratio of 011 to dr.Y natter as WIlS 

given to e 1n the pavvJ.ous , 1mDnt (800 8.2) . 
The dS,gest1b111ties of the dI'y ttel', ac1d-cletergant fiblO, CIl'U pl"OteiD 

and et r OIX'b'act , together wit,h n1trogen balBDCeS fQl' ind:1v1dual shoop, were 

obta1ned 1\')1" each of the G 01 tbe e::IpGri.DoDt . The axteIIt of cell.ulose 

di ttoD tbzoacS 1nsoI'tod through the 11 

fistulae of sbeep 1 and 3 .� each of t mrpericental poricds and taned1atoly 

toll.oriDg tbe (Jld at the t .  By ocwer1Dg haH � tbG tbl' with 



collttng of 011 in aUecting eell111C1se �tldl was assessed. As it WIiI8 

expected tbu.t digestibiUty could be altered by oil Suppleurmtati.CD the 

rates of passage of food res1duee thrcugh the anlmls were measured. Part 

of the ratlal was sta1necl with potassi �te solut1.<D on CIDf) 

occasion during each o£ the three exper1meUtal per10de (soo Table 9. 1 )  10 

order to r.easure rates of passage. 

A further tBaSUl'9 of the tnf1ueoeo � 011 an tile digce-t1ve processes 

was obtained by moasuring 'VOlatile tatty ac2d and 1fl!I!'fmio QCilCen'tratlcms in 

the rumen liquor 01 the two fis-tulated .sboop durSng each of. tm three 

experlmontal periods . 

89. 

BG-rbsge: Representative samples of teed (about 300 g. ) \iIere taken at each 

feeding ti.mi:t far the determinatl 00 of dry matter intakes . Tbo sacples were 

dried at 100°C far 24 boors aDd the dried samples bulked far 'each eek prior t.o cbemcal anal,ysiB. The bulked satrples which had bean stored SIl air tight 

cootail:lers wezoo subsequently gmuad ( 1  11m. selve) and ano.lyaed tor n1trQGeD, 

ether e."Ctraet (A. O.A. c. 1965) and aCid-detorgeat flbre ( A. O. A. C. , 19(3) .  

Aeld-dete�t :fibre, which is a 1!¥WJure of ce�la1cse pluG 11gn1n, vas 

Ilna&m'ed in pl'8ference to CJ'Ud fibre in tbtB eaper1man1; as it is a more 

preciSe meaGU&'e o£ the 1eest cl1sGatlble porticm of the pastuzoo plant (Van Smst, 1965) . 

Faecal s91!!: Paeees \lINe. eoUDCted ua!.Dg bap 11:1 too case 01. the wethers 

and tna tbe ewes by deflecting tbe fooees away fZ'OIIl tbo ur1no with a sloping 

gauze mesh Il\Iamtea beDeath 'the animals. The faeces from each sheep were 

bulked for each 1:Ieek ( stored  at - l�C). then dried in an <Mm at 1 00
°

C for 

48 hours, and sub-samples ground prior to analyais for nitroeen, ethel" extract, 



ond aetc:t-deterge.nt fibre contEnts. hom these data and t2::lQ COiJ!"l"OSpOIdmg 

90. 

herbage data, dJgest1bl11t1es we.re calculated al.low1ng a lag o£ 0Ile· day 

betweell mtaks  and taeeal measurements in llD attempt to account for tbG t1me 

taken for food 'to pass through the digestive tract .  

Urine S8!f1!1es: Ur1ne was collected 1n H2S04 ( 18 ml. 18N-II2S04'Utl"e> in 

o:rder to pravent loss 01. ni.trogen as Ql1IllQIl:la .  The � fran 1nd1vidual 

Sbeep was bulkOO far a period of a week aa:J the bulk sn.mples �ere stOl"ed in 

At the end of eacll 'tJI08k tho ni trogan cmten1:s 

of 5 m. sub-samp1es � ur1De WOJ:'e detertd.ned U n  duplicate) using standard 

metbods (A. O.A.C . , 19(5) . 

RUIII1II1 liSSP!': Saq;>les o£ :rumen Uqoor wore takal £1'OE1 the two t1stulated .sheep eft two COl'lSeCrutive days during weeks 1 ,  3 aDd G. The fll'6t B8q>les 

were taken jUst pr10r to the llIOl"IliDg feeding Gad subsecpently throe fUrthor 

samples WG1!'e obta.1nod at two hoor� 1Dtarvals. Saq>le s wero stored: end. anaqsed for Q1iIDOOla and volatile fatty ac1c1 caoeentrntlons and molar 

proportialG of individual volatile fatty auds as deserlbed pNV1ous� (2.8) . 

�t¥B 0t, ezttgl �: Pour "coils" of cottm thread (each Vt'e1gbing 
about 0. 20 g . ) ,  ho of mleh bad been 1zII:ersed m peanut oil, were ueigbed 
doIm to t.bB bettaa of tho rumsn at the two tlstulatod sheep an toar separate daYS (9, 23, 30 aud 31 Octobor) . The loss ed dr.y t1B'tter wtch oceurred 

dur1Dg the eoorso of 30 balrs 111 the raman was measumc1 for indiVidual eoUB 

of eottGll. Tb.G last two occasiCZ1S re 1Dc1uded �o see whether thel"& was a earry� effect 01. ct.1 -co cellulaso digeStSMUty. 
Ra�e of ems, of food reslgt!!f: 'l'be rate o� p8ssEIgG of clried � ( hiRed with potassiuD �te) was £o1lo'lJod Ql'l cae occasion during 

oaeh of the three sper1men�al periods. 



TABLE 9. 2 

. 

Sheep 1 

2 

3 

4 

TABLE 9.3 

Week 

Dry matte .. intakes (g. /day) of indiVidual sbeep �or 
each week at � ? 

1 2 3 4 (; 6 

696 5S6 516 439 549 MS 

631 5'13 556 (j$() 584 563 

629 569 S55 5SO 584 500 

612 518 552 547 684 564 

Cbsmienl ecmpos1t1an of t RuaDu1 l7eg1'aSS 
used witMll each wek c4 ExpGri.JDBB ., (percent age � dry matter) . 

1 2 3 4 5 6 
Crodo J)I'Ote·iD (b:6. 35) 32. 8  28.4 27. 4 26. 5 25. 3 22. 9 

Ether extract G. & 6. 9 6. 8 6,. 0 6. 1 5. 5  

Acid-dl t:er.eent fibre 22. 6 21 . 1  23. 6 23 . 9  27. 2  25 . 0  

Psb 10. 7 10. 3  10. 9 10.8 10. 7 11 . 2 



About 6 l«g. of Buaall z:yegrass was driecl ( 1  kg. D. M. ) and then soaked 

in a potassium pe�te &olut.1ao UOO g. tn 51 . H20) for 30 minutes. 

Tm grass was then pla<aS in e 9lSl1B bft8 and washed t� f.or 

30 m:lnt1tes . At this stage very little colour could be leaebed off by 

91 . 

ir:IDers1Dg the sta1nec.'l grass 1n a bucket at water. The grass was then dried 

and 30g . ( about S of dry matter lDtake) f'ed to eaeb of the four sheep betOI"8 

the QOI'mal l!IOl'ning ratlC1D. Faecal s las 11181'8 obta1nOO 12, 24 ,  28, 32, 48, 

60. 12 and 80 hours a1'tezo feed:1ng the staSDed gl'SSs .  The individual saq>les 

\Jere dried and 2 g. sub-samp1es asbed. The mansllOOSG was 1'EIt1[Wed frotl the 

as,h with 2NooHCI and tbe fll.trate made uP to & suitable vol.um with dist illed 

water to allow the measurellBlt of lDODg8.DGBe caoeentratia1 us.ine -an atomic nbsorpt,i.m apeet�. The CCImOOt- tloo of lDlmg.QDOSe present 1n eoeh c4 

tho samples was ED;prossed relative to faecal organ1c mattor. 

9. 3 REStmrS 

9.31 Intakes of he!'bage. 
The Runnui ryegrass pasttues were 6-8 1DeJ18S l.aDg o.t the tiDe of cuttlng. 

The dry matter mtakm of iDd1v1dua 1 abeep 4lriDg eadl of tba � 

6l"9 given lft Table 9 . 2 .  The tnt talrJir s1m1lar f:rc:D to 

apart fl'CD durtDg pnlimtoar.y per10d wben Y b1ghor. The 011 

treatment � � the 1ntab t4 1 during tbe � two days 01 

, " a.bd nnt e daya of ...... 5 .  JW � raasa1 

aupplemoatatlal tar 

the tJ.1'8t . 18 of 5. 

nduced bal. 23 • to 15 • s-r . 

TlIa _.IdIOt' . proteiD, ethu' extract, acid�m_1Ilt tibn 0lIC1 

of the r.J!�atIJ:f ted to tbe s-rx-. � at tbB· o:IG>OrlmBlft aze clWD 



8 2  

8 1  

8 0  

7 9  

8 4  -
� o 
- 8 3  

� 7 9  a::: 
a 

LL 8 4  0 
8 3  

)-
I-

8 2  -l 
CO 
I- 8 1  
Vl 
W 
(!) 
a 

8 4  

8 3  

8 2  

8 1  

S h eep 1 

Sheep 2 

Sheep 3 

Sh eep 

P RELIM. TREATME N T  CHANGE TREATME N T  
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Fig . 9 . 1  The inf'luence of a peanut oil s upplement on the dig e s tib i lity 
o f  t he dry mat t er of Ruanu i  ryegra s s  for individual sheep 
over a s i x  we ek p e riod . (Oil, . , Control ,  0 ) .  
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TADLE 9 . 4  Appannt ,UpetlblUty <I) � ryegrass and 17 ass ,'J...-
oU ratl (4r:y " . baSis) dur1ll3 tho �'al perlods (11 aDd II 1 ) .  
J>nt matt_ Crud Pl"Oto11l Acld-detelVGllt t1b n,ep s R.y + 011 Ryegrass Ryc • 011 Ryogra ·s  Rye + 011 

Sheetp 1 ) 
in 81 . 21  79 . 00  84 . 28  82 . 60  76 . 00  14 . 00  ) 011 61 

SheOp 2 
) Period 111 83 . 71  7'9. 12 8"1. 10  83 . 85  ?a. 60 " . •  

Sheep 3 ) 011 gt 111 81 . 87 81 . 80  84 . 00  00 . 00 76, 00 74. 66  ) It  Sheep 4 ) Period 82.44 1 . 62  86.48 80, 00  17 . 00  '" . 50  

OVer-All _ens 82 • •  80. 81 85 . 78  84 . 00 16 ••  1 14. 10 

CcDtl'Ol ... - otl -1 . 00 -1 . 20  -2 . 21 

SignU1caDeo ot N. S.  N. B .  P <  0. 01 
t a t cl1ftoreaCGS . 

BChu extract 

,.II!! ... Rye + 011 'V -.... 

62 . 0  76. 0 

66 . 1  68. 8 

68 . 5 ?G. O 

65 . 6  73 , 7 

64. <64 73 . 88  

+ . 19 
P < O. CJ6 



TABLE 9.,5 Fllte ot d1ota17 n1tngeD t. sheep ted .srass , or qv8I'QS 
and 011 I"atlcms : valus8 t_ 14 day rloda .  

-.,-- � +  011 Raper1mImul Peftod II I I I  II lIt 

NlR!m9 !pte (a, /d'a'!{) 
Sheep 1 (Cboriot s - - > 23.50 - - 19. 55  .. 

2 (BGnnoy) 25 . 20  - - 22 . 10 

3 (Cheviot x RcIIImey) - 22.40 25 . 10 -( .. ) - 22. 10 25 . 10 -Faecal ou,tmt (S.N/S> 
Sbeep 1 8 . 70  - - 3.40 

2 3 . 10 - - 3 . 65  

3 - 3 . 4&  3 . 00 -

4 - 3 . 00  3.50 -

Ur1De outwt ht. NIday) Sheep 1 17. J o  '. - 14 . 80 

2 20. 80 - - 18. 70 

3 - 1 0 . 00  10 . 50 -

" - 18. 75 19. 50  -

Re!!pt!.al (s.Nl�a¥) 
Sbeep 1 +2. 00  - - +1 .35 

2 +1 . 30 - - -0, 15 

3 - +2 . 90  +5 . 00  .. 

" - +0. 3& +2 . 00  -

+1 . 80  +2. 10 
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Fi g . 90 2  The  e f f e c t  o f  a p e anu t o i l  supplement ( e ) on t h e  
d iurnal v ar i a t i on s  i n  molar p r o p or t i on s  o f  V . F . A .  
o f  rumen l i quor from two sh e e p  ( C ontrol she e p , o j 
Exp e r i m e n t  1 , - j Expt 2 , - - - ) .  



TABLE 9, 6 Analyses on the rumm l1qaor from the two tistulatad sheep 
fed ryegrass , or ryeg.t"ElSS aDd ot.l : mean values o£ tQl1" 

samples an eaall of two d.e:ys .  
Sheep 1 Sheep 3 

EqJertmantal period 1 II  III I I I  I II 

Total V sF, A. (d /l00ml. ) Ryograss 8 . 31 7. 74 - a. la - 7. 55 Rye ... 011 - - 8. 65 - 0 . 85  -

t!Is calC . (IZU. N/100al.. ) 
Ryegrnss 37. 6 24 . 0  - 30. 0 - 22 . 0 

Rye ... Oil - - 23 . 3 - 2� . 1 -trola&' prgpprt ions o� V. F • A. 

Acetic acid ) Ryegrass 67. 3  69. 9 - 68 . S  - 69 . 8  ) ) Rye + 011 - - 70. 1 - 00 . 0 -. Propionic acid ) Ryegrass 23 , 8  20. 7 - 23 . 1  - 20. 5 ) ) Rye + 011 - - 22. 0 - 20. 1 -

Butyric acid ) B,yegrass 8 . 9  9 .4  - B . l  - 9. 7  
) 
) RyG + oU - - 7.9 - 10. 9 -



TABLE 9. 1 Jl18est.lc:m _ catteD tbr til ebEtep �ed ryegr:a8S, ao:l 
ryegrasa plus 011 , pel"CE)lltage loss of dry ootter 

ovor 30 hoUz8. 

en • .- 1 -----r Sheep 3 

011 cowre4 Control 011 c� 
cottc:m cotton cott(ll 

first e;pe£,lpJEtal P!E!fd 
OJ.1 81,..,.. to sheep 3 
via mouth (9/l0/68) 44.0 50. 5 1 . 8 Seccmd sp!l!J!m.t reri.gS 
Oil gt.y-eu to Sheep 1 1 .3 6.7 40. 9 
via JIlOU'th (23/10/88) 

(30/10/68) 1. 1 8.S 45. 1  

Pget-gpgrlmental pt1gl 
No 011 via mouth (31/10/68) 18. 1 14. 6  31 . 1  

CaDtro1 eottClll 

7.3 
42. 6 

50.4 

48. 9  

TABlE 9 . 8  Length of t ime  (br. ) fer 2tJA, aDd SOJ£ � the stainfld hay to be 

el1ldaated f.I'ODl 1Dd1v1dual sbeep (obta1lled frem � 9 . 3) . 

�imen:tal per10cl 
TreaUlal-t 

W « smileS i£G!! 
Sheep 1 

2 

3 

.. 

we crt ,taiaeQ eM Sheep 1 

2 

3 

" 

1 II 

cetnl Calbol 

28 18 

29 32 
26 -

21 -

39 29 
48 50 

3., -

37 -

III 

Oil C4ntrol Oil 

- ;... 33 

- - 45 31 29 -

as 2B -

- - 42 

- - 57 

46 88 -

41 44 -
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F i e . 9 . 3  Th e r a t e  o f  pa s sage o f  Mn . - i mpr e gna t e d  d r i e d  gra s s  thr ough four sh e e p 
eating Rua nui ryegrass  al one  (- - - ) , !'ind supp l e m e n t e d  wi t h  p eanu t o i l  (- ) , d u r i ng each  o f  t h e  t h r e e  experi mental p e r i  od s ( 1 , 2 ,  3 ) . 



liquor samples takon from the two sheep dur1ng each 0:£ the experimental 

periods are gi'Ven m Table 9. G. The d1umal chatlges in the tlDlar 

proportions 01: wlatlle 1:atty acids for each of the shGep during the t\ilO 

experimentn1 pori-o:iS are lllu8trnted in F1gure 9.2. 'I'bero were no 

ccmsistent dUfe1"UDCes between any o£ tID abo1Ie mean values which could 

be attributed to the addlt:laD of 011. nowo�. there we-re CClDSistent 

dHterencee between tbe two sheep irrespective of the presence or r.bsenco 

93 .  

of adOiticmal oil.  Volat1.le fatty acid co.oeootratlC1l, OllIIlOnia concentration 

BDd tho DD1ar proportion of proplou1c acid in tIE 1'\lJl1Ptl liquor 'Sere all 

consistently higher for sheep 1 thaD for sheep 3 . 

9 . 34 DigestiCil 0'£ eottan tbJ:'ends . 

The extent to which ordinary cotton thread and cotton thread coated 

with peanut 011 was digested \7ben p10eed at the bottom o'f the ruman c4 tho 

two sheep during tbe experiment 1 s  SllDD&lrlzed ill Table 9. 7. Peanut 011 

given via the moutb delm*JsOO tbe digestlbl1ity of tm cotton to less tban 

a �1fth of the level obtaUwd in the DCIIl-SUpplemou.1lec1 sheep. Coating the 

cotton with 011 also deprGlBsod the d1gestlb-1.l1ty ill all CQSCS with the 

oxceptial of sheep 1 on tbe day after G(tn.Snlstrat1ctn C'if oil fta the aauth 

bad ceaood (31/10/68) . 

9 . 35  l!gto of MJU¥me sat (Sf!! JPBldu!§. 
The rates of passage of dr1ed gzoass 1q). gnated m:th potass1uJl1 

penmnganato for 1mi1v1<1ual sheop during t thzee _�tal periods ( I , 

11 , I II ) are sbow graph1ea.lly 10 F1gum 9. 3 .  Tbe enrves sbo!.Y the hoar by 
bour oeetmIllated percentage at the total QUantity of lIIUlgSDeSe eUmtnated iD 

the faeces over an SO hour pe.r1od. The leagths of time nqubec:i for tho 

first 25 and 5ab of the stained material ( relative to total QJ:lQUDt obta1Dec1 
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in 80 �) �o be voided _w obtained by interpolation fzom tIm graphs 

and are presented 1n Table 9 . 8. These data tn tbe graphs and in Table 9 . 7  

indicate that the adclOO 011 depressed the rate of passage (4. :food residues 

th.rou.gh the digestive tracts o£ tbe sheeP. 
9.4 DISCUSSION 

TIJ.Q J.t:w01 of pennut oil ndmiJliStoftJd vms 0(Jlivalent to rol.ldllg too 

etb(:)r extract of ttle pasture from about '" up to 1� . The ratio 01 all to 

pasture .dry matter intake 'IlIQS sUgbt� greater than that roacb9d during tho 

prevlaw e2Io.-pGrimnt in wh1eh 011 was giwn to lactating catt le .  IIowever, in 

other respects such as COOJpOSltl00 c4 the pasture, wx1 r»tl:.lod of adrn1n1stratlcn 

of the oil,  the present exp&nr.nt replicated as far as possible the previous exper1!Dan't • 

The possibility thnt added peanut oU UJ'ly reduee voluntary intake waG 1nd:1cat.ed by the iataka l'GSults from sheep 1 (Table 9. 2) . In this regard it 

WQ.S o'f interest that the effect em intake c:l1d not occur for several days after 

011 was first fad, and tbat after a peri.od em a reduced leval of suppl-talntation 
a return to tho full dose level did DOt then affect intuko . This suggested 

sce.ne fOl"m � adaptation was lJieOeSSary such as a slow cl'larlce in t he roman 

micl'O-OJrSanisms present aDd is a pcsslble cxPlaDat10n for the var:lab]e suIts 

obtained by Robert-SUl and ltawIm (l964a) . By usiDg short trontr;an1; periods (maxS:mtn ·of :four eonseeutlw dnys) . tho!!' datu weft) probabl3r ob'tamod during 
a transitiOft pertGCi before the d1geGU v. system was accusta:m to the 'V'OI'y h18h 
1evela c4 aU edm1ntstel'ec1. 

'J."hero WOlfe � SI1 the type of pasture used during the catrse of this 

PI'Osent eaparimmt and tbe b1.gbor eautmts � actd-<1etel"gont flbw and lovlez' eth&r eztraets during per10d I I I .  CIQIq)&I."ed with I I ,  tICllld 130 OJIPecte4 to be of 
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moot. o1(F1ifier.�eo. �, :l definite t:Jteo.t.mnt by ptll'i.od 1lttorncti.OD ti19& 

not nppnront 111 tbo d1GGSt!biUty dat1 (Table 9.4) poGn1blo � to the 

sunU �r of shoep uSOd nnd tbe varSn t ions bet�l tho t';io shlop witbin 

trentoont groopB. 

In nccord.'1llCO with tn�1CllG agpor1tlento (aeo 0. 1 )  tho tUv�lbl11ty of 

oe1d-d0tGl'3ont fibre wOG docroosed DOrO t mn tho cl'Udo pirotom t?Uct 1oD � tho 

plant . �l1e;1 sUg[ .. 'Osts ttlo.t t.lle oU had 0. rothor aeloct lvo effoct m the leost 

d:igesUblo portion o£ tho ryo� . Thoso roo.ultn \1O:t"O also in o�t 

with tho f1nu1."lC too t ach1n1nt.or1n6 011 to oom (sao 0. 3) l"OGllltod in a lovol" 

volntilc fr?tt:, acid c:oncontl'otioo (derived r.B1nly fl.ooo cnrbobydrc.to) . bUt 

cc"sod no ch;"iIl3O in tho llOtDlic concentrat ion ( derived �l"OO pl.. .. mt nitrocon) 

of tho f.'L'lOOH 11 CJ!OZO • 

Tho roldivoly srD U dif�orancae botvuen tr&cttm-nts in tho a1aostlbUity 

oi: CJ."tX.1e pratoin. t.ho nU� roten't1oD8, nod too OB:lO.."l1n ooncentrnt iODG of 

tho � l1(JlOftJ fra!l tho abeop, �1ftl t.oot nitr<JGCO ootabolism \'lOS little 

n�foetoo by ponnut aU. It 1s roosonable to sum:oot ,  tlDl"e1'oro , -tOOt the effoot oZ oil in dl� the proWin ecmtent at too tlUlt in tm proviQUS �inont 000 nat broo:}bt aboot dbectllr by n � in tho ut�t1aD of (latoly p:otoin. 
Of OOtlG eonero.1 lntorost wna tho OCet1ft'<3DCO of claar d1:ftoronccs TJeQO 

trXl Shoop at tho two � 111 tho pZ'OpOrtiClll � d.1Dtary n1.t� e.TC�Gd in 

tho Ul� (Table 9. 5) nru1 cCllDO�Uy clUhl'encos Sn 11lt�l, zetcntla.\. 

FUrther <r.qlOri:.�tnl. CClOf'lrm.'"Uon o� bI'oad dtt� ss.Jdl na t!loGo c mW 

providG the ronns o£ dovclOP1lJc new typos � &beep Cc.�ble � aurvlviJ.lG on 

rattons 10\7 in n1-trogon. 
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In. eoJltro.st to other ec'I1<lt'1euts, tbe digeutib11ity cootfie1oDt far 

O'tbor oxtract was 1ncrensed by too ac1dad 011 . This ]:;)a.y not necessarl1,y mean, 

bowever, that tho diges't1biUty a£ the grass l1pid w.s incroasod OS it \'IOUld 

be � to expect tm t tho added 011 WQlld be in G Dlch �1'0 avallable 

form than the grass Upid. In :fact the total output of ethel." extract in the 

fneces vms 1nc,£eqagg by between 2 and 5g. /day in indivirlual weeks by the added 

011 . 

The absence of an effect of 011 en vol.::.tile fatty ucld CQ'lCantrnt ion in 

the rumen liquor is apparently in conflict with the changoo obtained in 

digost ibility, but the probnbl.o reascn Ues in the fact thnt with a highly 

digestible grnso the greatest praport1c:e of the volatile :fatty aelds oold be 

dor1.ved fran the readil\Y available fraetiCil of the dry matter. 

tlb1le it is clear thnt the ncticm � oU vas mainly OIl the mare fibrous 

fraction of the ryegrass l"aS 1dues the mocbanism of nct ion vas not so apparent . 

The depzessim in the d1gest1b!llty of tbe coUoD thread at'ter 1t was i.Jl:IlDrsOO 

in oil suggaJtod that a protectlve layer of 01.1 may be responsible , but because 

oU given via tbe mouth had a several tines greater afioct (Table 9. 7) , another meebaniom s probably of mom �. This DOChcnism may bave been an 

nlterat 1eD in the type of D1cro-organtsms present os 'ir.lB foond by BZ'OOks at al. 

( 1954 ) , or 11 specific (letr1Dental effect of 011 00. the colluloly't1e OI'ganisms. 

The partial recovery in the disest1bl11ty � the eottoo thread t'or sheep 1 ,  the 

day after the end of the experiment (011 not g�ven orally ) ,  tnaic.o.ted that the 

oil bAld a ca.ny-over effect whi Ch is olso suggest 1 'We o� a gradUal cllaJlge 10 tbe 

Il1c.�l.ll(ll populat ian. 

The I'OsuJ.ts from tlw present experiment am 111080 frotl too previOUS 000 

(Expt . 6) dU.fered 1n that the volatile fatty acid concentratioo. 1n tbe nm&l 



&1. 
It(JlOr of tbe cows 'WaS lowez!o6 by oll eJ:'OOS this d1d not occur 1n 'tbe. case 

of the Sheep. As the �1tim of the pa&tuI'& was rooSODnbl.,y ,similar ill 

tbe two ex,porllllaBte, am the level at �Qtl(1l was rola�i�ly groater 

in tbe case of the sheep, tho lOO6t 11kel,y l'eGSOll for too dU.ferant J!'eSpQIlSe 

in volatUo fatty acid concentrat.ion 18 toot the vollmtary intake of the cow 

vms reduced. A 10wer digestibility and a s lOlWW mte o£ pllSStlg0 of food 

residues (Fig . 9 . S) alght be expected to result in a lower lntake under 

ad libitum feed1Dg CODditicns ( as  for the cows) but those factors w<lUld be of 

no s ignificance at the lower feed1Jlg levels used in the present CD'per1ment . 

A 10tJer d1gestib1lity anii./or a small roductlan 1n intake eruld accamt for the 

Iowa!' pl'Ote1n CClIlten1: 1n 1210 oUk ill the prev10US expor1ment . 

0.5 StHWlY AND CON(.'LUSIONB 

A peanut 011 supp1Elll1Qnt (23 ml. /day) was given to fcnr sboop eating 

Ruanu! �ss sa a � ezpeJ'iment in ordeZ' to exaolne its e1fect CD 

tho utUiZatioD 01' dietary protein and carbohydrate. 

The utU1zation of diotary protein as measured by digoot ibillty , by 

Q11D)Din eancentratlon in rtlIDBD U(JlOr and by nitl"CGOll retention data . -.s DOt 

altered s 1gn1flcnntl¥ by the addltiaD c4 peaDU� oU . 

The d1gest1b111ty of the "ftbJoousu fact1.on ot the 1')'Ograss (aeld-detergent 

fibre) was l"0duced by tho peanut 01.1 supplEmDllt (P< 0. (5) , am the 011 also 

reduceCl the rata at passage of food 1GS1due tbrough the animal. 

In ��'t to the prev1eus axperimsnct (6) . tbe peanut 011 supp 

not lower the coneantrati01l o£ volatile tatty acids pI'Osent in too I'tlmIl liquor. 

I t  was eoos1dered 'that the volnt:1le fa'tty acid ecoeentratlon nay hnve baen 

lowered 1n the ease of tl1a oowa by af'f'ect1Dg intake, aoo that this did not occur 



in tho prosen:t exper'Ualt because the 11Jta.kes or too .sboep hel4 

eon.s1dDrably beaoatb tOOir mrudDa level . SUcb a ebnJl8$ in intake, 

particularly 11 accoapani·ed by a � d1ge8t1bUl ty, WQlld adGquate1l' 

ezp1a1U the low protein caotemt in t!Je m1lk of too aows given ptanut 

o U, p1'O'Vlded tbnt it 18 !ted ( as  _s sasgoeted in tOO case of 

starcb supploments) that dU£-erencea 1n milk yield __ 0 not a Vf1I!'y 

sensitiv� indicator of ch� In tteed1ng lovel in EKper1amt G. 

98. 



CBAP1'ER 10. 

PROOOcrlON OF FRIESZ AN COWS Ul THE tiINl'm. 

In Sxperiment 6 <8.3) 1t was shown that CDW8 given a starch supp1etEn't 

produced milk containing a higber protein poreantace., The .moc:haDism involved 
was DOt def1ned blt 1t was clear that tbe cbange was not aoooe1ated ltb an 

alteration in the molar pt:'OpOrtlons 01 volatile t'atty aeids pzeeant in the 

rumen U�. A small Slllproveman-t in level o·f teed:l.ng or an imp1"Oved 

tltl1.izat100 of d1atBr,y protein f.D tl» J:'UJII8Il mq have been iDVolwd. The oft'eet 

of addltionnl protein \7BS examined in tbe pzesent 

furtber the l.trtter possibi11ty using a different ex;pariulanta,l approach. 

Proteins 1n the teed ara rapidly broken dowD to � Q'C do ,  by proteolytic 

the amount _ dl-otal1 nltrcgen that leaves the atxDam:m, . la'tlve to that loat 

as f'dlI11IM1a i_lucie: tbe level ot D1tngan in tJ!e l'atittl ( . �t 4 ) ,  tile 

GQlublU.ty and pbys1cal state of the dletal"Y Pft1tein (PlcDaaald, 1968). the 

amount of �1e matter feJ'1DE.hted in t: II'WIDD (lkIuJm ana Westcm. 1967) and t 
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Tho �rt· ce to the on1mnl of the amount of nitrogen leaving th& 

abanasum bas l:Jaen e�1zed by e:a:pe'l"1mm:lta such as tbooo of ChnlmQrs , 

Cuthbertson and synge (1954) and LUtlo and tit tchell ( 1 967) Who obtained 

mot'e Gfile1aDt utl11znt1<m of protoiDs 300 am1DO acids moo they wore 

adalI1n1stered to ruminants via the duodElDlJEl than via tm rt.Daen. i:l1.th 

intact animals the basic problem is ClDe of renderiDg the t00d protein 

tmawllable to rumen organisms without affoct1ng the digeGtlb1l1 ty o£ the pJlOtem. Racentq Fergusc.D, IIameley and Re1s (l9G7) have shown tbat 

trontment or. casein with f� I'Ondiers lt res1stant to tJ1crClb1a1 

attack under alkaline or DeU�.ral CC'JIkiit loDo  but that this process is 

1'0 sed under acid cond1tians such as occur 1D -tbe al.XB'lsum (Jil 1 to 3 ) .  

III tbe present e;xper1rDeot supplements � 1'oJ.'IDa1:1n treutod C8BGiD 

(treated casoin) and 01't11nary casein (both ill a CUJaOUtft'te m.1xturo) llIGI'e 

given to lactating Friesian cattle duriDg tho winter. Fr:1eslnn cattle 

re used at this time of the year bec:ause they expoctecl to p!"OdUait 

milk QOIlta1n1Jlg a low pe.roant cd 8011ds-not-tat and protaSn. lkmce 

thl bypotbes1e being tested was that milk with Q 1oL'l protein oantont mny 

be produced wboD there is a shortage o£ protein NSeh1llg tie abcxDOSUD. 

A positive 1'GSUl.t 1'ran tho treated casein but DOt fl'OlIl tbo ord1rmr.Y casein would SUpport too hypot!esiB . 
10. 2 EXPilin.mMlAL tlmIODS 

10.al !Pels !Pd dgs!e � �. 
�y sewn Fr1.estan cows Of mt.:&N 

OJ" 1y y wue avaU.oblD tor use in tbB ex;par1ment . Of t S8 CID� 

seWdaan rogularly � t:hG peUeted cc:mUol Uon (sao below) when 

100. 



3 lb. was offered to tllem at mom1ng mllldngs over n fivo day perlocl 

( 1  to 5 J1.me, 1968) . TbeBB s� caws tqprthar witb caeven otmTB 

cbaJon aD the basis of 0. sultoble calvtng date and Q snt1s:factoxy milk 

yield 1IIJDJ'e all.Ocated at random to three tl'Ostment �pa of ei.ght cows 

with the rostr1.ct1m that cml7 those that J'oaciiq cmrtm;ood CaDDentrates 

(9 - 21 Jane) all cows· weJ'O ted I!l1m(1 posture t<:gethm- with a smU ratlO1l 

of bay (aJ)Pl'OXSn\9.taly (} lb. /beaQ/day) and 81lage (awroximntely 25 lb. /  

hood,IdAy) .  Duri.q; the exper1mental period (21 JuDe - 5 JU�) ,  �1ng 

per head at eneh mllk1ng. 

Fo:maUn-uea.ted casein 
Barley meal 
Bran 
Moll.aseG 

20 parts 
64 parts 
14 parte 

2 parts 

100 

eases ration (e) 

-

100 

101 . 

p pared by UIO Dair,y Resoa.rdl lnstltuto 

With the ·�QtlCD o£ tho Mana to Co-ope tlve Dairy � Ltd. 

tmated Wi th formalin. COld ater ( tbree tUes tbo weight at 



weight of lJGter) vas added and tho wbole m:lxod �� 50 minutes . The slurry 

1m. 

was thoD pumped via a screen to t be casein preas m:xl thence fed to cont1nllous vlbrat1ng screen driem. Tho mnter1al QS than paooed to a bl.onding bin, 

.li11xGd and bagged . The r:oisture content t1 the casein used was 12 . 2% and a1ter 

formaUn treatment was 14 . $. 

10. 24 In vitro test of the trented casein • 

.tUthough the nature 0'£ the CI::1q)lAiR hicb 18 formed in a specUla case 

may not bo known, the etiect ivaoes.s of the farmalm Ueatmt;mt in protecting the 

cBSeln fl'Or.l proteo�ys1s aDd cbaminatioo iD the rumen wtlB GBUgOd under in vitro 

eQldit100s . Duplicate s.amples (0. 5 g. ) <1  treated oaoetn, ordlnary casein, 

and rennet casein (included far 1nterest as this is k:nol:m to be relatively 

insoluble at·. I'tlIlQl pH of 6 - 7;  South'lm1"d, 1968 ) ,  wero incubated wit h 50 ml. 

of strained rwaem 11CJlO1" in glass bott les ( fitted with eoe-way bunsen valves) 

held at 39°C 1D a water bath. The rumen U.cpoI' we obtn1nod 1mmad1ate� 

before the in vi.bo fertIElltat tOD fl'CI.I1 a I'llJDaD-fistulated OO\.V grazing I:l1xed 

pastu.! . 4'DQnla caocentrat1oDs were detenniDOd (see 2 . 8) CIll sob-sa.cp1eS 

obta.:Lned ham oncb of the bottles OCIDulning casein tcuether wi til tVA') blanks 

(rumen liquor �) after 3, 6, and 24 hours . 

10. a5 In vi? test of treated cas in. 

As a fUftber cheek to the effectiveness of tho formalin eoot1Dg the 

treuted and ord1nary ease1Ds (0. 5 lb. /day) were admin1Dtered v1a t be  l"WIED 

:fistulae o£ cme pau of twins grn.zlDg mixed pasture at each mom1Dg mllk1Dg 

over a six day peri.od. Treatmnta l'O as follows : -



9 0  

8 0  

E 7 0 
0 
0 
- SO " o 
C) 
E 50 

z 
- - -! - ---... , -

< 4 0 
z 
� 30 

� ... - -
- -- '  

.. � � 
� 2 0  

1 0  

0 0 3 6 24 
H O U RS 

Fig . 10 . l  T h e  produc tion o f  ammonia i n  ( 50 ml . ) sampl e s  o f  rumen 
l i qu o r  i n c ub a t e d  w i t h  0 . 5 g samp l e s  of case i n  ( 0 ) , 
t r e a  t e d  casein ( . ) ,  and r ennet case in ( 0 ) ,  a t  3 9 °C 
for 2 4  h our s .  ( Bl ank s with n o  casei n ,  A ) . 



100. 

�l £� 121 Cow teg 
1 No Supp1ellBlt rio supplemnt 

2 No Bupp1emsnt No supplomtant 

3 Trea ted casein Casein 

4 Treated cnsein Casein 

5 Ccsein Treatocl casein 

a Casein Treated cnoein 

Sanplos of rumen li quor wore obtained from too centre of the l"UD3n :fran both 

CO\7S 1JII:ndlately before ndministration of the casein and subsecpently at 2 ,  

4 ond G hours , 00 each of the six days . AmJoonin conccntrat ions were 

detert1ined CIl nll sUIll110s of 1'W!Dtl liquor ( sao 2 . 8 ) .  

10. 20 14ilk s91100 EllICl analYsis. 

Mill� yields were oaasured nt indiv idual milld.nea free the Sunday 

evening millting unt il the Friday morning m1lk1n{J dur1.ng oach of the foor 

weoko o£ the oxperiment . Saq>les from individual COfIS at all milk1.ngs 

wero analysed for fat , protein, and lactose percentncoo uaing I . R .U . A . 

These date. oore analysed by nnnlyses of eovnrianoe no daacribed prev10usly 

( 3 . 24 ) . 

10. 3 REstTLTS 

1 0. 31 In vitro test of treated casein. 

The concentratic:ms of ammonlG produced 111 the in vitro 1ncubat ious of 

the trooted and ordinary cnacins aro presented in Figure 10. 1 .  It was c lear 

th0t after 3 ,  G ,  or 24 hours tbe 8l!IDOIlia produced :rrom the treated ensein tlBS 

very simlnI' to that from the blanlw , indicating thnt the trentmoot � 
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Fig . lO . 2  Diurnal varia t i on s  in the ammonia c on c e n t r a t i on o f  rumen l i qu o r , fol l owing admi n i s t r a t i on 
o f  c a s e i n  or " formalin t r e a t e d "  c a s e in t o  a pair o f  rume n fi stulated twin cows . 
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TABJ.B 10. 1 

ec. 121 

Cow 122 

mtlueDr=e <:4 0. 5 lb. � :foma1ia-b'eBt 8.IId � 
casam _ tbe . �tian (DIg. N/loo ml. ) � the Z'UIlIeIl l1quar fza:l tWIG COlIS. 

No ouPP" TMAted 1D 0:l"c:U.nar.y casetn 

41 .  40. 9 4'1. 2 

40. 9 a . 9 45 . 7  

ov-all (and 0 __ wror: 41 . 4 U . 6) 41 .4 (8. 1) 46. 4 (1 . 2) f4 da1l7 aDS) 



YI E L D  I b  / 3 8 6- - - - - - -36 34 3 2 
FAT 0/0 4-0 [ 3-5 

Q --- - - O�-O 
�.::.::-.:: ::::::. W:� ===�� 

P R OT E I N % 3-6 
3-0 

LAC TOSE % 5.0 f 4-8 4-6 
Fig . l O . 3  Ave rage daily mi l k  y i e l d s  and mi lk c omposi t i o n s  

f r o m  group s o f  Fri e si an c a t t l e  giv e n  c on c e n t r a t e  
suppl e m e n t s c on t a i n i ng case i n  ( 0 ) ,  a n d  formal i n  
t r e a t e d  c a s e i n  ( A ) .  ( N o suppleme n t , • ) . 
( F i r s t  sampl e ,  mi x e d  p a s t u r e  feedi ng ) . 



TABLE 10. a The yield and campos1tlOll Of tho mUk fl'CCl c:QI!lB given two ccmcenb'at IIWIturea 
eanta1ntng tarmaUn-t!'eated 1Uld 00000inary casein : adjuated trontlDalt 1!IIhllS . 

Treat casein Om1nnry cuoeiD Ncm-supploll'lOll ted Sign1t1eant .Ufts . (TC) (C) (Ns) P< 0. 01 P <O. 06 

Milk yield ( lb. /eow/day) 86. 4  34 . 8  32 . 7  TC > Ns C > Ns 

Filt % 3 . 77  3 . 00 3 . 80 - C > TC 
C > Ne 

Fat ,1&ld ( lb. /eow/day) 1 . 36 1 .34 1 . 26 - TC > Ns 

Protein % 3.83 3.44 3. 25 C > Ns 
TC < C 'rC >N& 

Pl'Ote1n yiold ( lb. /COW/day ) 1 . 22  1 . 10 1 . 06  TC >Ns -

C > Ns 

lactose ' 4 . 97 4 . 91 4 . 91 - -

Lactose yield ( lb. /cow/day) 1 . 80 1 . 10 1 . 00  TC >Ns TC > C 
C >Na 



effective in preventing protein degradation in vitro. As a eoGp9.risan, ordinary easoin was shown to produce values substantial l.y  aboge the blank. 

ColJmere1al rmnet casein was apporently pa.rtial� resistnnt to dogrndntion 

1 04 .  

a s  the increase in ammonia level was approxiclntely one third of that obtained 

from the incubation of ordinary casein . 

1 0. 32 In vivo tes t of the treated easom. 
Tho cooeent rat ions of ammonia in the sar.tples of rt.U!IEIl liquor fl'om the 

two �7S ,  fol�Ying supplomontntion w ith treated and ordinary casein are given 

in Figure 10. 2. on tho basis of the dai ly mean values for oach of the cows 

(Table 10. 1 )  the in vivo results confirtllKl that too foron l in  treatment wnB 

effective in reducing the forma tiCll of ammonia han the addod casein. 

10. 33 MUk yield and somposit loD. 

By the period it was clear that two cove were 

unsatisfactory experimental aniDals on account of mastitis 1nt'cctions , and 

therefore data wre obtn1nad fTom only sewn COTiS per treatment 61"OUP dnr1ng 

the experimental period. 

The menn data for milk yield and canpoeition are prosentac1 in Figure 10. 3 ,  

and the mean values for treatment groups , nf'ter adjustment by eovarinnce for 

preliminary period �fel'lOnces , are given in Table 10. 2. 

The milk yield produced by tbe c:ows \7h1cb 'received treated casein w.s higher than that from the cows wh1ch received the rat 100 contnining ord1.Ila.ry 

casein but the difference as not statistically s.igDUicant ( P >  0. (0 ) .  Both 

the suppletmnted groups , bowever, produeed Significantly DklY'e milk thu.n tbe 

nan.aupplemanted group. 



Bu tteri':::.t and protein percentages wore higher in th.o mlk from the 

casein Bupplot:)9tlted group than from either of the other tt'O errups t but the 

protein porcont:lge fran tllo cows which received troated casein was also 
higher thnn that from tho nCll-aupplomented group (P  < 0. 05) . Lactose 

percentages \"lOre similar for tho milks from the three croups . The yields 

of a ll ccepcIlcnts vera similar for the two supplemented groupo and 

considerably hiallar than tho corresponcltne va luos from the non-supplemented 

group of CO\lIS . 

10. 4 DISCUSSION 

1 00 .  

'I'he in vitro and in vivo tests of the formalin-treated cosein indicated 

thnt the tre�tmoot was e£fective in preventing tIle deGra.dation of the casoin by 

rumen orgDnitJIlS . There was not ,  OIl the other hond, any direct evidence from 

the results to confirm th"t the treated casein lJaS moo available for intestinnl dicestion and absorption. Uowevar , indirect ovidonco of two types suggest that 

this in fact occurred .  The S aoE)  treated casein v.lB usoc1 in Experiment 9 and 

Bupplements given in water produced changes in milk canpoo ition which 1ncitcuted 

th�t it was utilized. In addition another batch of trentod cuaein , prepared by 

s imi lar r:eana as that used for this experiment , produced inCl"OOSOS in plafJIDQ amino 

acid concentrations When fed to Gbeep by Corrico ( 1 900) . Too emcen1:raticos � 

proline, citrull1ne, val1no, leucine, and particularly Illl un.� nm1no acid 

incroasod COIlG1derably. The treated and the ordinnry casoins used by Carrico 

were tested on his behalf in the in v1tro experiment cloacribed ( 10. 24) and the 

8.DIIJlIlla eoncent rat iaDB produced were almost 1dentienl to the eorrespcmd1ng values obtained from the aa:ter1al used 111 this oxporiment . 

The principal comparison of interoot was the yield end milk caI\POS 1tion da.ta 

fl'Olll the treatl!'lGnt groups receiving t11e two types of protein supplement . 



106. 

Because no t�2l()DooPprotain" ecccentrate rntioa was t.ncl\xled as a 'foorth treatJnent 

fFOllp (dUe to �ft.cient (l()\iS be!ng available) it was not possible to assess 

the etfect of 1nc1ud1ng the � casein in the rntion independent from the effect 

of thG "carrier" ( barley neal ru-Jt1 bran) .  

Tho canpoe.1tion o.f the milk t'rom the two supp1EDented groupe d1Uored in 

protein (p<  0. 01 )  and tat percentace and 1n both cases tho GUpplet!Dnt containing 

ordillary casein prodUced tbe h1gber value. �r, the yields of these 

�ents were similar becnuse of the h� milk yiold fran the treated casein 

group .  Tb;} results for milk protem, therefore , did not support the hypothesis 

being :examined, in. toot the treated casein did not result 10 a higher protein 

yield or content in the n>.11k. re1e.tive to ordinary casein. A possible 

expln;n;'1tion for the higher protein percentage fran the ord1nm'y casein group may 

be that tho carbohydrate fraction of too supplemnt provided n source of I"Gadily 

nvallnblc caJ'bohydrate which improved too utilization of the easein to :form a 

larger microbial population wbicb ·vas subsequently tlvnilcbl.e for dlgestlao. 

carrico ( 1 969) 1'ound s1mllar \11001 gl'O'Jlt h  rates frog treated and ord1nnry casein and 

nleo cmpla�ned too unexpected result on the basis o£ the bigh aDXlllts of readily 

avniluble anorcy provided by tho barley meal in the basic ration. 

Tho low protein percentaGe in the milk from the non-supplemented group 

(3 . 25%) conf1rflled tbnt the basic forage ration was capable of supportiDg only 0. relatively low m1lk protein oontent and was tberefoJe �iclent in respect to 

quality or quantity . Thus it vas of SClll1e interest that both the supplements 

produced signS£1cant el.tanges in Ild.lk yield and �ition �ed with the non .... In :fact the extent of the changes in m.Uk yield and in 

protein percentage was generally greater tbnD for severnl preVious experiments 

carried CIt.lt at ��ssey un1v.&l'slty (Taparia. 1966) tn. whioh supplU!'lellts of 8. 5 to 



10 lb . /day of a barley meal and bran mixture were fed to Friesian cattlo, 

undGr s1m1lar circumBtGIlces to those used in the present experiment . The 

107. 

reduction in fat percentage (0. 1 - 0. 3'%) obtatnod 1'rCD eoc:l1nG the carbo­

hydra te supp10ments in the previws experiments d1cl not occur in the current 

exp&r1Dent . While it is tempting tD sugcest that the h1�or protoin content 

of tho concentrate mixture was reapous1ble tar the more satisfactory results 

obtained in this tlltper1.J:oont .  IlIEUly other factors mf:\Y have beon in"llOlvod . 

These 1Dcluda the fact toot supplaDe1lts were ted twice da ll¥ in the current 

experiment but only c:mee in previ.cJus oxperiments , and tho basic grass rntion 

may havo been <:pita different in the various mtper1..'1Ollts . A future experiment 

to compare concentrate supplcmants containing high and low levels of protein 18 

indica too. 

10. 5 stJI2,1ARY AND cor£LUSIONS 

The ef.:fect on millt yield sod eompoe itlon ot feecl1.ng Friesian cattle 

during the winter with two concentrate miztureo was GltaoinBd. Five pounds per 

day of a concentrate mixture ecntaiDJDg � CQI!1DOI"clal easeill resulted in higher protein (P< 0. 01 )  nnd fat (P< o. a)) percentsees in milk than a s1m1lar 

lllixtu.re containing 20ib formnl1n-taated case:1D. The yields of these canpcments 

of milk, howevor, \lel'0 s1Ed1a.r for tho two groups. Tborefore , the I'e.sults d.id 

not support the b.ypotbes1s that a low protem cantent in mUk may be due to a 

deficiency in the amount of dtetary protein tMt reaches tile iDtostine. 

I t  was s�ted tbat the OZ'dmary ease1n may have been f101imU.y ut111zoca 

owiI»g to the presence ftd laz'p AlIDlDts 01 arn1lable c�te ta the ftIIUllDde-r 

Of the eoneontl'ate mtztuN. 



EXPlmmENI' 9 EFFEGI' OF PROTEIN SUPPI..FMENTS ON' 

MIIK PHODtCl'ION OF roW'S GRAZING 

1lI {II NITROGEN RUANO! RYEcnASS . 

1 1 . 1  INTRODUCTtON 

100. 

In view o£ the possibility that interactions between the carbohydrate 

and proto in canpanenta of the coneentrate supplements used in Experiment 8 ( 10.4 )  

cmfo1.Dlded tho results it vms considered noeGSsary to exan100 further the e�fects 

at ordinary C<JlI!lercial caseln and forma11D-treatecl casein on milk production. 

In thi s experiment the two types of casein , suspendocl in water, were adm1nisterod 

twice daily (�  lb. /milking) to twin cows gl'nzing Ruanui ryegrsss contnining a 

bigh  c:mtent of nitrogen. 

The experiment was carried out at the same time of the yoar and on the same 

pnsturos that in previous years 1nduced 1w solids-not-fat lillX'l protein contents 

in mi.lk. By giving the two types of casein the aniIa:lls \7e1"O provided with equal 

increoonts of en ergy  bu t  t ho  si t o  o f  digestion differed. Tho ordinary casein was 

subjected to metabolism in the rumen whereas the treatod cnsein should � beeome 

ava1lab1e for d1{)estiaD aftor reaching the aba:lasum ( sec also 10. 1 ) .  I f poor 

utilization of dietary protein in the rumon was a factor with pastures containing 

a high level of n1 t�en , tile protein yield or percentaae of the milk WOlld be 

expoeted to be increased by tbe treated, and not the ordinary casein. 



1 1  . 2  EXPBRIMFNl'AL METllODS 

1 00. 

Twelvo pairs of monozyg<JUB tw1ns ( two Jersey x Fries ian pairs , and 1 0  

pairs of Jerseys ) wbich had calved in July or August wera grazed tqrether for 

a prel1m1nary period on mixed pasture (9 Nov. - 22 Nov. 1 9(8) , Following this 

period the cows were divided mto three treatment groups ( incomplo.tc balanced 

block design) for the experimental period ( 22  Nov . ... 6 Dee . ) . During the 

experi.ml:m tal period tho cows grazed Ruanu i ryegrnss pastures and ene group of 

eight cow.s recelwc1 no supplement (cOI1trol greup ) ,  a second grttlp of eight 

0. 5 lb. of formalin-treated casein tollowing each mllking, and the remaining 

eight cows 0, 5 lb. of ordInary casein tollowing each mi11dne. 

suspended in SOD mI . of water immediately prior to drenchiDz. 

The casein was 

pa.stures : The pastures used during the preliminary period COIIlSisted of miXed 

ryegrass/wblto clover pastures with emll quantities o.f cocks foot and prairie 

grass . The five paddocks conta1n�ng pure swards of Ruanu i  ryegrass ( see Table 2. 1 )  

which oore used dur1ne the experiment a1 period had been top-drossed with 2 cwt .  of 

sulphate of acmm1n per aero an three occasions during tho early spring period. 

The cows re given a tresh break c4 grass every 1.2 boum .  too size of the 

broak being adjusted to ensuro that the voluntary intakes ot the CDiIS ro not 

restricted. The Ruanui ryegrass pastures were grazed at a height of 6 - 8 inches . 

Casein suppleJlPJl't8: The casein supp1emli>nts used were :from the S1lIDe materinl tmt 

was described and used in the prevlGUS in vitro and in viVO exper1mfmts (see 

soeticms 10. 3 ,  1 0. 4,  and 10. 5 ) .  
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( Fi r s t  t w o  sam�le s ,  mixed  pasture fe eding . 
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TABLE 11 . 1  The yield aDd eaDpClS 1tiCD of the tlilk frotl cows given auppl Dta 
( 0. 5 lb. twice daily) of f01'1Dal1n-troatad cnaein and 0I"d:inlU"y 

casein : adjusted treatment na .  

Tl"Gated cae in (TC) Ctlsa:l.n (C) CclIltl'Ol (ct) 
Milk 11 14 ( lb .  /cCIII/<Jay) 28.8 29. 1 29 . 4  

Fat " 6 . •  5 .46 5 . 35 

Fat y1 lei ( lb . /cow/day) 1 . 87 1 . 58 1 . 81 
Pl'ot 1n % • .  15 4 . 00  4 . 00  

Prot 1n yield ( lb. /cow/day) 1 . 18 1 . 19 1 . 19 
Lacto " 5 . 26 5. 25  6 . a2  

Lactose yield ( lb. /cow/day) 1 . 50 1 . 54 1 . 504  

Significant 
dUfel'elloe 

P < O. 06  

-

-

-

Tc .> Ct 

-

-

-



11 . Z2 S&!!eY:f!g and analytical methods. 

Ilerbage: Representative pasture samples were taken from too five Ruantli 

ryegrnss pastures used in the exporiJnant . 

110. 

for crude protein, etber extro.ct :md soluble sugar contonts, as described in 

2 . 4  and 2. 5.  

�: Milk yields were ooasurad at individual m1lkings from the Sunday evening 

milking until the Priday nnming milking during each of tho four weeks of the 

experiment . Composite daily sampl.es oIL milk from oncl.l CCI\/ were B1wlysed for 

tat , protein and lactose percentace . using I . R.M . A. TllOOO datu were analysed 
il1 c0'II'3rionee ana.lyses as deseribed previously (3. 24 ) .  

11 . 3  RESULTS 

10. 31 

The man crude protein c.ClIltent of the Ruanu i  ryegrass pastures was 

19. 6 ( +  1 . 3 ,  S . E . ) ,  the ether c:mtraet content 4 . 8 ( +  0. 10) , erude fibre content 
- -

20. G (± 2 . 1 ) ,  and soluble sugar eoa:tent 12.9 (:t o. G3 ) . 

10. 32 �llk peld and, CO!pO§it1on. 

The !lean data for milk yield and composition are prosented in 

Figure 1 1 . 1  and the mean values for trentlOOnt groups , nfter adjustment by 

covariance �or preliminary per iod dUferenees ,  are given in Tabla 1 1 . 1 . 

The yield of mUk from tho cows in the tbree groups was roduced following 

the change to pure ryegrass feeding and there waze no d.if%erencas between the 
mean values for the throe trentment groups. Milk eCJ:lPOsi tiCfll with the 



except ion of pzoottdn percentages was n Iso alm1L'lr for nJ.l troatr:ents .. The 

1 1 1 . 

protein percentnge of tho control group was reduced by about 0 .. 1% (see Figure 1 1 . 1 )  

fol� tho chr'..ngo to Ruanu i  ryegrC'...ss feeding, tho protein percentage of the 

�llk � the COWS which received ordinary casein remn1ned unnltered, and the 

value for tho cows which received treated casoin \1IlS sli�htly higher during the 
experimental period. T he  clifferenee between the protein percentages for the 

traated casein am control gm ups  as statistically significant ( P < O. OO) .  The 

response to treatod case in varied ccns 1derably bet�n ind1vldl al ClOVJS within 

the treatment graIP and rnnged from a SIlB ll  negative effect ( -0. 09%) to a large 

positive efi'eC't ( +  O. 2"n) . 

1 1 . 4  DISCUSSIOn 

Evidence for the effectiveness of the f01"Dll1n treatment of the e.'l.Sein 

WaG presented and discussed in the prev1Clus chapter and 1-t coocluded that 

the treated casein provided the nn1al with on additional Stlpp� of protein in 

comparison to the ordinnry CGSG'in supplemEnt . 

Evidence \"IBS obtained in this ezporu.mt 1'l"CID the t1"00.too casein v.  control 

cc:nparison thnt the nmount of protein reaching the ab<nnsua and intest ine may 

dfect milk protein parcentnge . UO'III'E)Ver, tile �fGCt ns snnll nnd clear pJ."'OOf 

that high nlt:l"QU&Jl pastures t:Dy lead to a 10v protein percentage lD milk (because 

at 1Dett1elent use of d1etary pmtetn) was DOt obtained, as the protein percentage 

t"rom tbe ca:a.trol group � cows \IDS DOt �tq reduced following the ebaI2ge to 

Ruanul �ss feeding and the difterenco between the mlk protein percentages from 

the treated cas in and ordinary casein gl'Wpe d1d. not reach statistical signit1eance. 
The minor natunt o£ the chenge to protein percentage following edministrat1cxl at 
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treated casein is �asi.zed when it is considered that 450 g. 01 protein 

wna g-iven per day to cows yielding approximately 530 cr. of prottlin in the 

mllk. This oompnr1son suggested that the total aoount of protein absorbed, 

or the aL1DUflt o£ a speeific essentia l amino add wes not the major limiting 

fnotor to a h1.gber milk prota1n productton. on the other hand the var1ntion 

i n  responses obtained :f� different cows indicated tl�t di£forences may occur 

between 00\7S in their abil1 ty to obtn m  stdficimt protein (or a particular 

amino acid) to max1mi.so milk prote1n synthesis. In thi s l"O(3IIrd it is of 

interest to recall tbB d.ifferenoes 1n tho ptopOrt icm of dietary nitrogen lost 

via the urine by sheep of d1.fterent breeds 1n Experiment 7 (9. 3 ) .  Varying 

l'eSpa'lses in milk composition ( particularly protein content )  betwean animals, 

to a given reduction 1n level of feed1ng, may possibly be acccuntod for OIl similar 

grounds .  

The ezper1mont o:f Martin and Blaxter (1960) illdicated that J)I'Otel.n 

administered via the ·duoderum provided about 4ar, more �gy thaD when the same 

quantity vas �ed :Lnto the l"UIilIEm . Hence ill 1b e  Pl'Osont experiment the cows 

which received t-reated casein, were probably eo 0. b1gher plane of nutrition than 

the cows 1n the other two groups .  Al thour#l aUk p."Oduct i an  was similar :f1'OOl 

all groups a h1g1:Jer eJ'.lel'gy :iIJtako may 1D itseU be un alternative explanation fO.l' 

the change in the milk protc:l.n pereentage of the tzented casein (P:OUp. 1£ 

indeed, a ·change  in the level of feeding was the cause of the change 1n protein 

percentago in the milk, it must follow that proteiD plrcentnge 18 more seDBitiv.e 

to the change, than is milk yield. '1'h1B pces1blUty was alGO suogested to 

aecouAt .. the pceltlvo etfect 01 starch (8.5) .aD£l the negative otfeet of oil 

(9. 5) 00 milk P1'Otein percentage. I t  is Pl'abably des1.rabl& , tbere£o:re, that 

further work on the ef'feet of small changes 1D level of feecU.ne aD the yield and 

ct'lq)OGition. of allk tI'ODl pastures be carried GUt. 



1 1 . 5  SUMM.RY AND CONCWSI� 

113.  

The effoet on the y iold and compos! tion of the milk of feed:f.ag cows 

graz1ng Rusnui ryegrnss with ordinr..l.l"Y cosein and formalin-treated casein ( 1  lb . /  

cow/day ) waG exa.m1ned. 
Tho formnlin-treoted casein resulted in a slight ly higher protein ecmtent 

in the milk than tho.t from the ordinary casein and Q Significantly higber (P 0. (5) 

caatent than in the mi lk  fran the nan-eupp1emented group. There were no other 

stat1stically s ignificant dUferences between the yields or the canpos1ticms of 

tho milk fran the three groups of cows . 

Clear proo'f that poor utilizatiUl of dietary protein was responsible for the 

low protein percentages in milk in the provious exporiaents ( 1 ,  2 and 3 )  was not 

obtDined in view of the I'!l1nor depressien in protein percent aGO in tho milk fran 

the control cows following the change from mJ.xed pnsturo to Ruanu1 r,yegrass feeding. 

Results did indicate, however, that the amount of protoin abSOl"bod by the an1ma.l 

may influence protein synthasis , at least to some extent or iIIlth some cows . The 

r:echanisIa muy involve an alteration in tho availabilIty of enG or more amino acids 

or a change in the digestlb1e energy intake of tho animal .  I t  was not possible 

to differentiate ootl7eetl these alternatives in this experi.ml&nt , as the absorbed 

protein m.'lY bo used for protein synthesis or deam1nated and uaod as n srurce of 

energy . In this regard additional sto.rch ( as  1D. Exper1mcmt G) , while providing energy , would also be expected to spare protein and hence havo the same.. affect as 

additional absorbed prote1n. 
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GmERAL DI SCUSSION 

Tho indiv1dual oxper1nmts undertaken weft 1n S<D;l roopocts lndependalt 

and hElllCG haw been sWIZ'lO.l'1zed aDd concluslcms nntiB at the end ot allah 

.experiment . In this chapter the r elevant results and ccmcluslaos will be 

integrated and discussed in respect to tbe original object ives outlined 1n 

tl� Introduction. 

1 2 . 1  RYEtEASS VARI EI'IES AM> MI lK  YIELD AND COMPOSITION. 

The canparison between the milk yield and compos1t l00 data obtained fl'Cllll 

the COWS grazing two annual var1et ies of ryegrass and Runnui ryegrass (Chapter 3 )  

supported previous results ( l'/ilson and tfc:Dovell, 1900) thnt d1fferences bet 

ryegrass variGt:les may contribute to variations 111 the yiold and ec,I4J081 tion � 

1h G mlk. The annual var ieties supported 0. higbeJ: milk prcxklct1al than Ruanui. ryegro.S8 in both expar1.mmts , although the diUeranees wero not atatlst1calq 

sign1flcant. TVJO cbn�s in m111£ COIIIM'01tlC8'l 88Soc1atec1 wit h  different 

vo.r1etie of pBrtieu� interest .  The f1rst , was tho occ:sun:ence of a lower 

than normal fat emtent 111 mUk traa tho e grazing fJes-tcrn l'loltbB ryegrass ccmpared with those graziDg Parco ryegra.8S dul'lDg the winter, and the secClDd, a 

1 eel solids-net-tat percentage <prote1D and lactose) 111 tbe milk fI'CD the 

oows .graz1Dg Ru:anul ryegra.ss C'CIIIIpS\red with both annual vaI'iet1ea durlDg the spring 

exper1Dent . Both these cbDngee 111 milk cQ!II081ti.(Il . ro independent of 

concurrent altoratl009 1n milk y�ld. The possible mochan1ams which may be 

involved in brmging about these c:hane-es in t he  yield and calJpOS1t:ton 0% the milk 

are discussed in 12 .3 and 12. 4.  
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1 2 . 2 STAGE OF WOliTII JI .. ND MIlK YIELD ft�D COMPOSITION. 

In tho two cxperiIllents in Vlh:l.ch the effect of stago of arooth on milk 

product Ion was examined, the short Ruonui pasture supported a. higher milk yield 

than the longer and noro oaturo pasture. 'l'he result wa.s consistent \71th the 

well Imcwn reduction in too digestib le anergy value of pasturcn with incroasing 

mat uri ty ( 1 . 2) . The lntnke of the sbort pa:aturo 1K)uld n lso be expected to be 

higher than th::t for the mature pasture if the rosnl tD of Bluxter , l1a1.nrann and 

W11soo ( 1 001 )  apply to the feeding of fresh pastures . Tho ebo.ngee in milk 

composition obtained ,  with 0Ile noteable exception, were also consio tant with the 

suggest ion that the digestibl.e energy intakes of the cous grazinG tho sbort 

pnsturo were higher than those grazing the more mnture Crowth. 

The oxcepUoo mooticned above, was the signif icantly (p < 0. 01 )  lower 

solids-not-fat percent ago in the milk produced b.Y the COWS grazing the short 

Runnul ryegrass in t he first of the two ezpor1ments . TIm result was of 

partlculnr intorost ond it:portance because high, rather tmn low , solids-net-fat 

pel"centu�ea in milk are normally associated with hiah quality postures . Severn 1 

stb sequont experiment s  ( soo 12 . 4 )  were designed specifically to explo1n this 

unexpected result . 

1 � .  3 mocEBSES cor�ERNED IN 111£ PRODUCTI ON  OF MIlK CONI'JU NING A LOt'! FAT PERCENI'."GE. 

The lowered wtterfut percentage 111 the milk fram the cows grazing tiestem 

Wolths ryaa;rass duriDg too winter, was associated with Il decreased proportion. of 

acetic acid anti an increased proportlcn o� propicnic acid in tbe GaIJt)1es of ru:mem 

l1CJlOr taken from the cows graz.ing th is  rye.grass . These changes in the JlX)1ar 

proport1ons of volntile �atty ac:1ds , probably adequotely explained the change in 
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fat porcent nge  in view of the rosults trom DUmBrOUS exper1mc:nts in which 

reduetiOllB in the fat content of milk have bean obtained woon cows ven ted 

d iets low in roughage am high in starchy eaneent ratoo. Such rations have 

been sl10wn to result in low acetic acid and high propionic acid proportions 

in tho rumoIl (e.  g. Balch, Balch, Bartlett ,  Dart:rm:l, Johnaan tUld Tumor, 1955) .  

The chance in the ratio of tho acetic to propionic acids in the current 

eKpel"i.oent was also adequately accounted far by too tlifforenees between the 

ZOl9 grnBses in carbohydrate CCJq)OS1tioo. The ratio o£ readily available 

car�drotes to too cCIltent of crmIe fibre was C(lQSlderably higher for Western 

llolths thnn far Paroa ryegras-s U . 82  v. 1 . 52) . 
The possible biochemical pathways 1nvc!»lved in the alteration in tat 

percent age follm1i.n8 changes in the molar proportIons of acetic and proplCXl1c 

ac1da were not investigated in this stu", . but they have boen discussed by 

Van Boost in a recent review (Van Soeat,. 11;)63) . 

1 2 . 4  U)tl SOLIDS-NOr-FAT PERCENrAGES ASSOCIATED WITH RUANUI RYEmASS 

'!'be possIble renson fer tho oceurnmee of lew sol1ds-not-tat percentages 

in milk wOOn cows graze Rw.urul ryegrass was investigated in a DWIber � esper1ments. 

The separate mBasurecent of tho prote1n content , or protein ODd lactose CClDtents 

in nilk, rather than Bollcla-aot-tat cc:mtent, 1nd1cated that a ebBnge in protein 

gE)Derally aecamted for eous1derably IlJOI"e thaD half o£ the observed � in 

SOlWs-DOt-tat content. For tlUs reason t experments undG-rtnken \WIl'O mainly 

orientated towards investigating changes 111: mllk protem content . 

The initial espor1ments ( 1  and 2 ) ,  in which the changes 10 aollds-not-tat 

percent.ages were doa:mstrntoci, pl'Ovided some information OD tho ehemieal 

CCX!lPOGlt1an of the P..uanul ryegrass and also the characteris tics of the � at 
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the t�. 

low in nitrogen-free extract . The other consistent oi:fcct observed was that the reduction in solids-nat-fat percentage was associated wi tIl, but not ent irely 

due to , a reduction in plane of mtriUOD as indicated by a lowe-red mi.lk yield 

( see 4 . 4) . 

Exper1ment 3 ( Chapter 5 ) ,  which involved the COI:Iparison of Ruanui ryegrass 

postu res which bad Ne011/Gd high and low levels of nitrcconous fert iUzor, 

eonfil"fl.'ed all � the above potnts and furt hal'B)1'9 providoci evidence vb1c:h 

probably eliminated tba possibility toot the noo-protein nitrogen content OT 

the alkaloid ecntent of the pastures was directly rospc:Jllldble for tllo observed 

effect . A IOOjor shift in tOO relative proportions � tho individUal volo.t11e 

fatty o.cidS in rumen liquor was also ruled out as a possible reason for the 

c�es 10 sol.ids-not-fst percentage in milk. Subsequent experiments were 

directed towa.Ns ezam1.ning the possibil.1.ty tbat the effect resulted from poor 

utillznUcn of dietary protein in the rumen. ffban hiflh am low nitrogen Ruanui 

ryegrass(:)s wero fod to YOUJlC grooving sheep (Chapter G) the dietary nitrogen in 

the high nitrogen grass was used less �fle1ently than that in the low nitrogen 

posture , but the absolute level o£ nitrogen retention as lArgely determ1Ded by dry matter intake and was DOt restricted by poor ut1lization o:f digestl b1e 

protein. Because protem requirements fOJ" milk produe't1on are considerably 

larger than those �or the synthesis of body pt'Otein it WnB considered toot 

fUrthGl" experimants were warranted. 

An attempt wns then made to increa se the ut ilization of. dietary protem by addtng a:dd1tlaaal. starch (Chapters 7 8lld 8) and protein (Chapters 10 am 11 ) .  

Prom tho results in Expe.l'lDmt G (Chapter 8 )  tt was clear that t!le added starch, 

whicll would be expee.tod to inerease the utUiza.tl CO  of' dtetary protein m too 
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rumen (iltlAd and Murdock, 1905) bad Q favourable effect on milk pl"OteiD 

percentage. Dl1"OCt evici.eDec to suggest that too mechn.n1sm (d nction o1 Jrtarch 

was to improve the ut1l1zation of dietary protein was limited., however, to the 

finding of n low nmmonia concentrat1cm in the rumen liquor obto.in0d from QIle 

member of a fiStulated pair of twins whIch received starch compared with 1ts 

mnto \:Ibich received no supplenent (Table 8.3 ) .  

The detl.O'l.S'trntiCD that DUppl�tary pro tein, treated SO that it was 

resistant to degradatIcm 111 the l'WIIIIl but still available for d igestion 111 til 

abomaSum and 1Dtest 1Des ,  resulted 111 an 1Dcrease in mllk protein content 

(Table 1 1 . 1 )  supported too lJypotbes1B that low pl'Otein percentages in milk may 

be caused, at least in p-art , by pci)Qr ut 11izat tao of the diaest 1blo protein 

intake of cows graz1ng Ruanu1 ryegraBs . Whether this offect ( and  the posItive 

e:rfeet from starch) resulted traa the amouDt of protein absorbed, or fl'OQ tbe 

energy contained in the SUpplOl3Bllt, cmld not be determined til these exper1ment s .  

It may be CClIlCludod that no s 1qlo factor was sho>m to be responsible for 

t h9 low J)ro:tQin percentage in the milk produced from cc»s graz1ng Ruanui ryegrass . 

This �y have been due to the fact that the changu in solids-no-t-:rat percentage 

could not be repl1catod in all ezper1.mants and, therefore, supplementary feeds 

e nat given the beet opportunity of reven1Dg the change in milk eaIt)OBlt1co. 

Alternatlve�, ill view of tbe range of eHeets demc4lStratod 1D th is study 

(positive erfeeto _ mllk protem fl"cm st8Z'Ch and protein, and negatlve �roIil all) 

it 1s pll'Obably reasonable to postulate that tho variable results obtained frem 

the Rtm.Dui. ryegJ:'Q88 pastures wore due to a DlJIDber of factors aaaoeia tec1 ri tb 

hlgh nitrogen pasturoB which cxd)ined tosether to give large �foets in eome 

cases , and smaller effects in others. Iutoract1oas between the varlars CIi�-tB 
o� the � (carboh;ydrate, fat and protem) which were not axam1Ded to any 

extent in this st� may. t-oor.efom, be of considerable 1q:Jortance. 
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12. . 5  THE RElATIONSIlIP BE:rWEh"'N 'l'fIE CIDWICAL CX»1POSITXON 

OF PASTURE MID MIll{ PRODtr:T! ctt. 

119.  

The data from tl-e ctq)B.risoos of three Yllri.et1es of ryegrass , and Ruanul 

ryeerass at two stages of growth and two nitrogen levels ,  provided the opportunity 

to look �or genoml rolatiaosh:lps between plant composition and the yield aDd e�itlal of milk which may be of valu& to plant breec:lGrs in Cbeld1Dg selection 

objectives when enc:1oaVC1lring to in;)1'OW the nutr2.t1w value of pasture plants . 

Beeooso of the axtnma di.tfl. colty involved in altering the CGDC8ntratiCID o£ 

8 single specific coq:OMmt of ryegrass , experiments involving supplementary 

:reeding (starch, protein and .nl) weN \UlIdertaken and those data also provide 

some information rolat1.ng to opt1wm plant composition for milk production, prov1.ded 

th::rt the supplezoonts used are assumed to have similar effects to those whiCh 

would be obta1nod if the supp1'oment was an integral part of the plant material. 

The rel - t1onshlp bot\\'OCm plant COIDp081tlCID aDd milk production w11l be 

axnmined separately for milk, fat, and protein production, as the opt1mllm plant 

CCIlIpCBitlcsn probably dif1ers aecord1ng to tho type of production reClU11'ed. 

Milk y1.eld: The only CGIIGneDt of pasture which was shom to be COD81sten.tllY 

related to cUR. yield was that of crude flb l11th1n aU the experiments 

undertalten milk yleld was tnver ly Nlated to the erude �1bro cantent Gf the 

pnsture grazed (see Figure 12. 1 ) .  This l"olaticosbip 18 probabq adeqllateljy explained by the tnet that .. tor !eed8tu:tfs � a s,1m1lar type (e.g. ryegrasses) ,  

the oreDllle matter d1sGS't lbl11 ty is normally tnvemely related to the crude 

11bre content of the rorage (� et a1. , 1 960) .  This was conf lnled  111 this 

study 1D all exper1mmts in which bo-tb vuio.blea 1IeI'& (E .. �r�t 1 and 3) . 

A low content of � fibre in pasture sa tb&refore requ.1rod to .PrOVIde 8 pasture 
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or high d1gestlbUlty , �ch may also in tum l.ea.d to high intakes (Blaxter, 

Wa1Dman and Wilson, 1 961 ) aDd therefore h1gb milk yields . 

l'Jhlle it CIly be true tlmt ryegrasa pastures with low crude fibre contents 

are to be preferred tor mUk prodUct1cm, pastures of tb1s type may be associated 

with bealth problems in dairy cattle as evidenced by tho occurrence of grass 

tetany in Experiment 1 .  Two other problems assocl.ated w1th grass containing 

very low lev-Gls o:t structural. carbohydrates y be of impoI'tanee . Flrstl3 ,  the 

dry matter content of tho pasture , which 1& DOZ'IDIllly pos1-tlvely related to the 

crude fibre content, may be too low to enable tho cow to Datis� its roqairGocmu 

tor GIlleI'gy, i.V1th1D tb:I l.1m1ts of appetite. SeeCDdly, J!'Qt1c:cG nth a low coatent 

of s�l"Uctural carbohydrates may lead to I'UDeI1 d¥sfwctioo (Tl"Qtil0I'e and ",ill, 

1967) and losses of pm:ducti<n. 

Fat n ld: Fat prcductlcm was c10saly related to milk productiaD ( 8  E:l:peri:Dabta 

1 ,  2 aDd 3) and tbozootore also 1Dverse� related to too crude fibre CXlI1tont of 

pastures . For tat produetlca, boarErNr, the level of soluble sugars was a180 

impOrtant as evidenced by t� d1:Uereuce betwen tern Uoltbs and ParGa 
ryegrOGSGs in rl.mant 1 .  both � which had fairly s1mt.lar CODten'ts of crude 

fibre . The ra�10 of eo1uble sugars to crud. fibre in tbo case o� Western 1'101 ths 

was 1 .  S2 coq:»lred with 1 . 52 fCllr Paron l'7ogrnss. I t might be GlI;pElCted thQ t 

max1mw:l fat yiolds will obtatDed UDder cooUt iaDS  whue the p1!OpOrtlcm gf 

atl'Uctural carbabyd:rat is as low os poss1b1e 1tbout ttoct:1Dg �at percentago 

by altering the proport 1ons of individual YO'latl1e fatty acids produced. Pat 

beD tbo mol proporiicm of propionic ocld rencbed 

22.8% on4 this couespcndied to a o1ub1e sugar/crude tf.bro ratio of 1 . 22. 
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Milk fat pmdUet1an was tDcreased by peanut 0.11 supplemnts, tbe leVel 

glvQO (440 ml. ) beiDg eq..livalBDt to chaDg1ng tbe e'ther extract of the posture 

:fran aboot • to between 9 and 1� 111 121e two exflC,U'iaents . l'4dle tb� 

experiments wi. th ClDO level and type � 011 do DOt pl't)v1dG ecmelusive pI'OOf a£ 

the tq,ortnnce of the lipid eontent � pastures, It sbcwlld be DOted that in 

"vera1 oxpor1ments (2A and 213) the :fat percentage of o1lk was OOl"l"0-lated with 

l.cwal of otber extract s.n tbo pastuzvs wbeo it \WiIlld have bean more reasonable 

to expect :fat peroentage to be iDveftlGl,. J'O.lated to milk yleld., Furth 1IOrk 

to determ1.no the opt1muo level of llps.d 111 paS� seen m.rranted� 

general� posit ively related to milk yleld 

( Expertamts 1 aDd 28) but as discussed pmviousl,. tha protein pezeentage of the 

milk s not alwys pos ltive� related to milk yield, t leaat for Ruanu1 

l'Yograss . As high a ratio as poss1ble Of soluble carbcltb¥dl'ates to CNdIt :f1J»:e 

in pastum would, em tile ev1dence fI'CD th1s study, be ex:pocted to mUk 

1'1 lds and pzo:tein contents 111 mllk. 'ft11B C!ODClusian 1adlcated haD tile 

variety ecapal'1sons (ExpeI'1mImt 1 )  and ,,&& en40ned by the GlCper ts 111 which 

tareh supplements were fed (Chapters 1 aDd 8) . 'l'1:re:re 1s, however, pJNJbab1¥ 

a l1m1 t to 1:hG eztatt to Which tile crude �J..bnt CClDteDt at. the rat10a could be 

reduced tm11e st1n . ta1D1.Q8 healtl\v antmals ( 800 pr!OviClUsly) . 

With l'GSpGC't to the p%'Ote1D CCDteDt � the pastm.'es, it 1I8B clear that the 

le'w&la 1I'QO gllll8l'all6' h1.gh, I'llthe� than too loIr, aDd that th NGl pzoblell Uea 

ill how to 1qUewt utSl1aatkla: � t tein present. til a relat:l.vely 

h1gh leftl � ao1ub � Sa paRunJ sbaoJd be 1e1a1 (Chapter 8) . 



It saems 1'ea�ble to assume that thol"G is an opt1mlm lipid content 

:tor pastures to IJaX1.m1ze milk p1"Otein synthesis since very low lev�ls may 

result in pool" ut ilization of dietary car�dra.te ( see 9. 1 )  mt that 

high levels t1Ily reduce the d1gestiblUty of the cnrbohydroto ancl protein 
oompaDents 0'2 pasture or even reduce voluntary lntakos (Chapter 9) . 
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APPENDICES 

A copy o£ all the anal.ysos carried aut tor this Thesis bas been lodged 
with the Dairy Husbt.'ul<bry Departsaant .  An GXaq)lo of each type of annlyses 
used ls, however t inc luded 1n this sectiClll. 

LI ST  OF APPENDICES 

2. 1 Total soluble SU8M' content of two r,egrass swards sampled 
twice dall� Oft three eClIDseeutlw days. 

3. 1 Ana�sls of eovar1oDce and tes't of s1gD1f1eance o£ adjusted 
treatment IlIIlflDS .  Milk yields adjusted for differences in 
milk yields during tbe preUminary period (winter &Xper1J!3ant ) .  

3 . 2 AJ2n�s1s of vanzee tor molar p� at Pl"'OP1onlc acid 
in l"'UlDOD liquor of 1Dd1vidnal oows during the winter expor1mrmt . 

3. 3· Qrgo.n1e matter digost1bill ties ( 1n  vttl'O) of throG ryegrasses . 

6. 1 Original data for Ezper1mmt " (Chapter 6) . 

S . l  Analysis <d regressica t4 I"WI!IBIl liquor SllllllDnin coneentl"atloa <11 
volatile fatty acid concentration ead test of s1gn1f1cance of 
dUterenc:es between rogress1cllls ithiD treatment grCUpS . 

N. S. p oe:  o. a; 
1' < 0. 01  

F 

B .E. 
b 

dt 

sa 

M. S. 

Results not statlstScall7 s1p1flc:ant at t he  $ lewl. 

Results stat1sticall¥ ignUicant at too eJk � 1.  
ult statist lcally 19n1ticant At the 1$ 1. The variance ratio for specUled CClIbd1tiaDs .  

staDdud errcr of tho an. Regress.iGD eoetf1cJ.ent . 

Do6I'ees of frec:ldoJD. 

Sums of scpares. 

n Sqlar6. 

1 3 0 .  



APPENDIX 2 . 1  

Total soluble sugar ccmt ont � two 17egl'GSS swa1't'lS 
arunpled twioo daily 00 three consecutive �s. 

l Fresh samples Freeze-dried samploo j T1m9 of sampling 9a . D. 3p. m. 9a . m. 3p. m. 

! 
I I,gng Rua.nui �ass 
I i 26. 9. 65 1 6. 5 18 . 4 1 0. 0 17. 8 I ! 

1 2 . 0 10. 9 10. 0 17. 0 

27. 9. 05 1 6. 5 16. 7 14. 6 1 5 . 5  
13 . 0  15. 9 14 . 8  16. 5 

28. 9. 00 1 4 . 9 18 . 0 1 5 . 5  1 7 . 6 
1 5 . 9 17. 0 15 . 9 17. 0 

Mean 14 . 8  17. 1 15. 0 1 6. 3 

S . E. 1 . 90  0. 91 0. 70 0. 88 

i 
. Short Ruonu1 rxem:ass 

20 . 9 . 65  15.0 16. 0 1 4 . 1 1 5 . 8  
12 . 8  18. 0 1 3 . 0 1 5 . 8  

27 . 9 . 65  1 1 . 9 1 5 . 2  1 3 . 0 14 . 8  
14 . 1  15. 2 13 . 2 1 5 . 8  

28. 9. 65 14 . 2  14. 2  14. 9  1 6 . 2  
15. 6 18.8 14. 1 17. 0 

Mean 13 . 9  10. 2 I 14 . 0 15. 9 

S . E. 1 . 37 1 . 79 -0.57 0. '11 



APPENDIX 3. 1 

.\nalysis of cova�iance and test of significance of adjusted 

treatrllellt means . Milk yields Iildjusted for differences in 

mUk yields during tba preUmnary period ( Winter experiment ) .  

Errors o'f estimate 
F Ratio I 

and I 
� elf Sx2 SXY sv

2 
. as fit 

Total 16 820. 647 792 . 241  1133 . 943  369. 128 

Treatments 2 39. 356 1 6. 31 6  85 . 628 

Error 14 781 . 291 775 . 925  1(»8 . 315 277. 719 

91 . 400 

Adjusted treatment g:roup means 
tbstem Uoltbs 

Paroa 

Ruanul 

35 . 32 + (2.37 x 0. 99) c 31. 69 
39. 01 - 0 . 12 z 0. 99) I: 31. 89 
33 . 80 - ( 1 . 25  x 0. 99 )  = 32. 55 

15 

13 

2 

MS S t.l:m if 

21 . 36 2 . 14 

45 . 70 N. S .  

Analysis of error var1nnoe (Regress1cD 4d m1l.k yiald w-rSDg 

e1Ii;pOrimental perlod an milk yield dUring prel1m1nnry period) . 

Souree dt SS MS F Ratto S1gnl1. 

Total 14 1�.315 

Due to regress Ian 1 ?'70. 596 '170. 596 35 . 9 P< 0. 01 

Error 13 211. 719 21 . 36 

i 
i 



APPENDIX 3 . 2  

Anal¥sta of varinoee for 1J¥)1ar proportions of prop1on1.c acid 

in J!'Wlnn 11(JlO1' of individual COliS dur1Dg the winter mc:per1ment . 

Source df SS US F SignH. 

Total 11 60. 01 

Treatments 2 42. 61 21 . 30 12. 40 P < O. 05  

Error 9 1 7. 40 

Cows : Treatments 3 5 . 15 1 . 72 0. 84 1'1. 8 .  
Within COV1S 6 12. 25 2 . 04  

Duncan' s multiple J'QDgO test to determine bleh means differ 

s ien1fi.eantly. 

S . E. = 0. 29 

For 5% level 01 significance tbe 

shartes t significant range 1& : - 0. 29 x 4 . 5  (Free Duncan' s tables) = 1 . 31 

RulmUi ryagrass Paroa ryegrass 

18. 2S 20. 25 22. 88 
1.97 2. 63 

4. 00 

That 18 all diUere1lCOO between the l!eaDS 'tI8Z'e s ign ificant ( P <  0. (5) . 



APPENDIX 3 .3 

organic matter d1aestlb111t1es (in y1tro) of threo ryegrasses . 

A small additive eorrectiw was mde to the in vitro digeetibil1ties on the 
basis of the diUerence betwen the in vitro value on tba standard graso and 
its known in vivo valuo ( 00. 20) . 

Winter ox2!X"1JJaot 
standnJ:'d Eass Western Wolths Paroa R,uanui 

70. 40 85 . 14 Sl . GS  83 . 45 

71 . 91 84 . 90  81 . 19  83 . 33 

71 . 51 84 . 42 82 . 96  82 . 38 

71 . 80  84 .42 83 . 06  81 . 78  

Mean 71 . 40  84 . 12 82 . 38 82. 14 

Corrected mean 69 . 20  82 . 52 80. 18 80. 54 

�e£!ni pp2r1mant §.tandard mas V"!!!tern Wo1. ths P.!£CI.!. nU8JQll 

70. 01 73 . 13 70. 32 70. 13 

00 . 51 11 . 69  71 . 99 71 . 96 

68 . 1 0  '13 . 45 69. 04 70. 01 

69 . 86 68 . 53  71 . 01  68. 46 

Mean 69 . 37 71 . '10  70. 04 70. 14 

Correeted tlfIl'i!OD 69 . 20  11 . 53 70. 47 68 . 9'1  



APPENDI X 6 . 1 

Original data for EIoper1meDt 4 (Chapter 6) . 

Treatment 

� 
Dry matter intake (g . /day) 

Nit� content (%) 
N 1Iltake/day ( g . ) 

Faeces 

Dry matter output (g. /da,) 

Nitrogen content (%) 
N output/day ( g. ) I Urine I N output/day (g. ) 

Nitrogen ba lance (g. /day) 

N d1gestibl11 ty coef .  (%) 
Treatment maan 

D • .  d1gestib1l1ty coe�. (%) 

TreQtment mean 

N balance/N intake (%) 
Urtnary N/N intake (%) I ! 
Urinary N/D'igest1blo NC") I 
Treatment mean I 
Body 19bt � animals ( lb. ) i 

High Nitrcsen 

1 2 3 

Low Nitrq;en 

4 5 

693 . 9 547. 8 496 . 1  

3 . 27 

I 
I GOO . 7 

Ii 
1 . 90 

22 . 69 1 7. 91 1 6. 22 13 . 27 

218 . 8  

2 . 72 

5 . 95 

15 . 18 

+1 . 56 

13 . 8  

68. 5 

6.88 

66 . 9  

90. 7 

56. 5 

1 66. 5  

2. 79 

4 . 65  

1 2 .32 

+0. 94 

74 . 0  

13 . 7  

09. 6 
69. 2 

5 . 24  
68. 8 
92. 9  

00 . 9  

61 . 5 

I 
151 .2  I 351 . 1 

2 . 86 I 1 . 88 

4 . 32 l 4 . 72  

11 .30 I 
+0. 60 

73 . 4 

7 . 30 

+1 . 25  

64. 4 

69 . 5 64. 1 

S . 7O  9 . 42 

69. 7 I 55 . 0  

911. 0  1 86.4 
l1li. 0 1 12. 0 

500. 0  

9 . 50  

1 61 . 4 

2 . 00  
3 . 28  

5 . 37 

+0. 85 

65 . 5  

03. 3 

67. 7  

65. 0 

8 . 95  

56 . 6  

86. 3  

85 . 9  

60. 0 

6 

I 
601 . 0  

! i 1 1 . 42 ! 

220.3 : 

2 . 08 ! 
4 . 58 1 

I ! 
I 

5.89 1 
! 

+0. 95 1 
59 . 9  I 

! 
63 . 3  

8 . 32 

51 . 6  

86. 1 

&9 . 0  

, 



APPENDIX 8 . 1  

J\nQlysis of regrossion of rumen liquor ammonia concentration OIl 

volatile fatty acid cancentratica and test o£ si&li.f:1eanee of 
differer>..ecs between regress10DS wi thin tren tmen t group-a . 

SSX 2 1 2 . 59 

b = 4 . 21 

Y = 35. 3 

Test of s ignificance of b 

SSy = 8548 .  Gl SPx:y 895 . 81 

r = 0. 52 (P < O. 01 )  

x = 12. 9 

I I d1' SS US F Signif. I Source i I I I Tota l 47 8548 . 01  

I 
Lin . ROC .  ! 1 3774 . 76 3774 . 76 30.4 P < O. 01  i 
Error I 46 4773 . 85  100 . 78  

Test of aign1fleanee of differences between regressions w ithin treatment groops .  

Source (if 
2 Sxy Sy

2 ErrCl"S of Rstimate F Rat io 
Sx 

SS dI US and a'lrmif 

Starch 15 90. 20 394. 74 3060. 11 1332. 62  14 

Centro 1 15 67.92 300 . 83  2784 . 65 13BO.41 14 

Oil 15 30. 42 200. 00  26G6. 12 1274 . 63  1 4  

Deviations from average 
regression (s.tC+O) 45 188.54 908 . 57 8500. 88  4122.49 44 

DevlatlalS trClID 
individual reg1'Oaslc:ms. 3987. 00 42 94 . 94  1 . 41 

DUferonces bet 
1ncllvldual tzeatment 134. 83  2 67.41 N. S . 
group regreas1.aDs 
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