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Int roduct i on 

Th e me tab oli s m  o f  p ro t e in in the di ges ti ve tract  

of  the  ruminan t  and i ts s ub s eq uent  e ffect on p ro du c t i on 

involve s many re acti ons . In  the rumen, p ro teolys i s  o c cu rs , 

forming amino acids , vola t i le fat ty acids and ammon i a . The 

rumen mi c ro - organisms can utili s e  the p roducts o f  p ro te in 

b re akdown fo r grow th . 

Und i ges te d  feed  p ro te in -N  and mi crob i al - N  p a s s  

to the lower  d i ge s t i ve t ract whe re di ge s t i on an d ab s o rp t i on 

o f  amino a c i ds o ccurs . Once ab s o rb e d ,  the amino acids  

may be  me tab o l i s e d  at  the live r ,  whe re the end  p roducts 

vary acco rdin g to the gluco gen i c  or ke to geni c na ture o f  

the amino a c i ds . The amino acids may als o b e  u t i li s e d  in 

p ro t e in p ro duc tion . 

The following  revi ew encompas s e s  the fate o f  

d i e t ary p ro te in ,  and i ts s ubs equent  e f fe c t  on dai ry 

p ro duction . 

P ro teolys i s  

Amino  acids and pep t i de s  are p roducts o f  the  fi rs t 

s te p  in p ro te in diges t i on in the rume n ( e l  Shazly , 1 9 5 2 ) . 

Whe n  toluene , which inh ib i ts b ac t e r i a l  de aminas e s , i s  adde d  

to  cas e in and incub ate d with  rumen contents , amino a c i ds 

and pep t i de s  a cc umul ate (Warne r ,  1 9 5 6 ) . Fur ther e v i dence o f  

pro teolys i s  has  b e en p ro vi de d  by Liebho l z  ( 1 9 6 5 , 1 9 6 9) , 
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wh o me as ure d b oth L - amino ni trogen and indivi dual amino 

aci ds in rumen fl ui ds imme di a t e ly be fo re , and for vary i n g  

p e ri o ds a fte r ,  fee di n g .  Ann i s on ( 1 9 5 6 )  reach e d  s i mi lar  

con c l us i ons  w i th the demons tr a t i on o f  me as urab l e  quan ti t i es 

o f  amino a c i ds and pep t i de s  in rumen con tents . 

Cas e in , arachin and s oyb e an w e re ex tens i ve ly 

de grade d by rumen mi c r o - o rgani s ms , whe re as bovine albumin , 

wh eat  gluten an d ze in were on ly s l i gh t ly at tacke d (Ann i s on , 

1 9 5 6 ) . Pro te o ly ti c b re akdown o f  a p r o t e in has b e en shown 

t o  b e  re late d to i ts s o l ub i l i ty in a lkal i and s al t  s o l ut ions 

(B l a ckburn and Hob s on , 1 9 6 0  c ;  Warner ,  1 9 5 6 ) . Unl ik e  the 

a c t i vi ty o f  deami n ating  b ac te r i a ,  wh i ch vari ed w i th the 

p r e s ence o r  ab s ence o f  re adi ly at tacke d protein  in the d i e t  

(e l Sha z ly , 1 9 5 2 ) , p ro teo ly t i c  ac tivi ty o f  rumen c on tents 

w as h i gh be fo re fe e ding and changed  l i t tl e  imme di a te ly a f t e r  

fee ding (B lackburn an d Hob s on ,  1 9 6 0  c ,  d )  or w i th di e t  

(Warner , 1 9 5 6 ; Ann i son , 19 5 6 ; B l ackb urn and Hob s on 1 9 6 0  a ,  

1 9 6 2 ) .  

Th e s tudi es  o f  S ch l otke ( 1 9 36 )  and Sym ( 1 9 38 )  

e s t ab l i sh e d  that rumen b ac t e r i a  and p ro to zoa p os s e s s  pro te o l y t i c  

ac t i vi ty in  the rume n .  Sym fo l lowed  the di s appearan ce o f  

cas e in durin g  incub a t i on w i th rumen con tents . Wi thin  th ree 

hours , 4 4 %  o f  the c as e in ( 0 . 5 % w/w)  was no longe r a c i d  

pre cip i tab l e . Suspens ions o f  b a c te ri a  and pro to z o a  as  we l l  

as e x tracts  o f.mi cro b i a l  ce l l s  s h owe d thi s  pro te o ly t i c  

a c t i vi ty . Warner ( 1 9 5 6 )  con f i rme d Sym's f indings and 
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furthe r conc lude d that ae rob i c  condi t i ons had li ttle e ffe c t  

on p ro teoly t i c  a c t i vi ty ,  e ven tho ugh , unde r the s tron gly 

re duced condi t i ons p rovide d by fe rrous i on and cys te ine , 

p ro teolys i s  was s t i mulate d .  

E a rly a t te mp t s  t o  i s ola te the organisms involved 

in p ro teoly s i s  were not p a r t i c ularly s ucces s ful , s ince the 

only p ro te o ly t i c  organ i s ms i dent i fi e d  w e re facultat i ve 

anae rob es  ( Appleby , 1 9 5 5 ; Hun t and Moo re 1 9 5 8 ;  Blackburn 

and Hob s on , 1 9 6 0b ) . Wi th imp rovements in culturin g 

technique s , Blackb urn and Hob s on ( 1 9 6 2 )  and Abou Akkada and 

Bla ckb urn ( 1 9 6 3 ) , s uc ces s fully ob tained from rumen li quo r o f  

two sheep on di ffe rent di e ts s i x  main i s o late s , wh i ch we re 

obli ga te anae rob e s  and pos s e s s e d  pro te oly tic  a c t i vi ty . 

Fulghum , K i n g  and Moo re ( 1 9 5 8 )  and Fulghum and Moo re ( 1 9 6 3 ) 

found that 3 0 %  and 3 8 % re s p e c t i vely o f  the to t al r ume n 

b acte rial co unts appearing on an i s ola t i on me di a showed 

pro teoly t i c  act i v i ty . Li t tle fre e p ro te inase  o c curs in 

rumen flu i d  ( B la ckb urn and Hob s on ,  1 9 6 �  altho ugh Hunt and 

Moo re ( 1 9 5 8 )  i s ola t e d  an o rgan i s m  whi ch was cap ab le o f  

e xc re ting a n  a c t i ve prote inas e .  Blackburn ( 1 9 6 8 )  s tudi e d  the 

p ro te in as e  p roduced  by Bacte r i o de s  amyloph ilus s train H 1 8 .  

The p r o t e i n as e  was mos tly in t r a cellular ,  as s o c i a t e d  w i th the 

ce ll wall frac tion , and was ne i the r induce d no r rep re s s e d  by 

a w i de range o f  nutri ents . App roximately 2 0 %  w as r e le as ed 

into the me d i um ,  b ut i t  i s  no t known whe ther the p ro te inas e 
. 

in the medium w as truly e x tracellula r , o r  intracellula r 
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mate r i al w h i ch was re leas e d  when the micro - organi s ms lys e d .  

The low e r  rume n ammon i a  concentrati on i n  de faunat e d  

animals h as b een taken t o  ind i cate  tha t  p ro to zo a  h ave a role 

in p ro t eo lys i s  an d de amin a t i on ( Klop fens tein , Purs e r  and 

Ty zn ik , 1 9 6 6 ) . Re cent evi dence  fro m Males and Purs e r  

( 19 7 0 )  ind i c a te d  that the abo ve as s ump tion was no t ne ce s s arily 

cor re c t ,  a s  the lower rumen ammonia concentration  in 

de faunated  animals could be explained by a gre a te r  b acte ri al 

con ce n t r a t i on , res ulting 1n  g r e a te r  ammonia utili z a tion . 

Howeve r p roto z o a  may s ti ll h ave an imp o r t an t  

fun c t i on in  proteolys i s . Warne r ( 1 9 5 6 )  no ted that the 

pro teoly t i c  ac tivi ty of  rume n liquo r  whi ch had p ro to z o a  

remo ve d w a s  reduced below that  o f  rumen liquor containing 

p r o to z oa . Warne r als o  found that  ace tone pow de r e x tracts  o f  

holo trich  and oli go t r i ch p ro t o zo a  had p ro teoly t i c  activi ty . 

Sepa r a t i on o f  the rumen mi c ro-organi sms by 

cen tri fug a tion into p ro to zoa , la rge b acteria  and s mall 

bac te ri a  ( B lackburn and Hob s on ,  1 9 6 0 a) demons t r a te d  that the 

h i ghes t p e rcentage o f  p ro te in as e  activi ty was as s o ci ated  wi th 

the p ro to zo al fract ion . The autho rs d i d  howeve r ,  p o in t  to 

the d i ffi culty of ob tain ing a pure p ro to zoal fract i on , as 

s ome b ac t e r i a  a re c los e ly as s o c i a te d  w i th the p ro to z o a .  The 

s ame auth o rs obs e rve d oli go t r i ch p ro to z oa inge s ti ng s tained 

cas e in p a r t i cles . A more de t ai led  s tudy on the p ro teoly ti c  

a c t ivi ty o f  p ro to z o a  carr i e d  o u t  by Abou Akkada  and Howard 

( 19 62 ) , found tha t  w i th in fou r  hours , 80%  of the  cas e in 

incub ate d w i th En to din i a  w as s oluble in trichlo ra ce t i c  acid . 
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Pep t i de n i tro gen , �- amino n i t ro gen , arnrnon i a - N  and ami de - N  

a ccoun t e d  fo r 4 0 % , 2 2 % , 1 4 %  and 3 %  re sp ec tive ly o f  the non­

p rot e in n i trogen in s olut i on at the end o f  the incub at i on . 

A cell free e x trac t of  En todin i a  was s hown to  con tain a 

"pep ti das e " , cap able of  hydro lys ing a wide ran ge o f  p ep t i des , 

as we ll as a "p ro t e inas e " . 

The imp o r t ance o f  p ro te oly s i s  to the ruminant 

depends on the _subs equent fa te  of the amino acids rele as e d 

during  p roteolys i s . The amino acids may be  ab s o rb e d  ( Demaux , 

Bars , Molle , Re rat  and Simonnet 1 9 6 1 )  from the rumen , 

de amina te d  by the rumen b a c te ri a ,  w i th much o f  the 

n i t r ogen lo s t  in the urine , ( el Sh a z ly ,  1 9 5 2 )  o r  u ti li s ed 

by the rumen mi cro - o rgani sms fo r synthe s i s o f  c e llular 

mate r i a l  (All i s on ,  1 96 9 ) . I f  fe ed  pro te in o f  low b iolo g i c al 

value i s  c onve rte d to  mi c rob i al pro tein h aving a 

h i gh e r  b i olo g i c al value than the feed , then the re would b e  a n e t 

g ain t o  the an imal. I f ,  howeve r ,  the fee d  p ro te in i s  rap i dly 

deamin a te d ,  g iving r i s e  to h i gh leve ls o f  rumen ammoni a ,  then 

much los s  of n i t ro gen could o ccur . 

Me tab oli s m  o f  Amino Acids an d Peptide s  

Blackburn (19 6 5 )  and Hungate ( 1 96 6 )  h ave revi ewe d  

th e me t abolism o f  individual  amino a c i ds b y  rumen mi cro­

organ i sms . The products o f  me taboli s m  are p re dominantly  

ammon ia ,  vo l a t i l e  fatty a c i ds , and c arb on diox i de . The failure 

o f  o ra l ly a dmini s tered amino acids  to a f fe ct n i t rogen 
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uti l i z at ion has usual ly b e en at tributed to  the i r  b e ing 

de g r aded in the rumen . Howe ve r ,  Lewi s ( 1 9 5 5 )  and L ew i s  and 

Eme ry ( 1 9 6 2 )  p re s ented evi dence whi ch s ugge s te d  that amino 

acids d i ffer in the i r  rates  of de amina tion . Re cently 

Chal me rs and Hughes  ( 1 9 6 9 )  reported  that  when glycine , 

a l an ine and lys ine we re fe d to s heep in l arge dai ly dos e s  fo r 

fou r t e en days , s ub s t an ti al amount s  o f  the amino aci ds pas s e d  

o u t  o f  the rumen unde grade d ,  a s  was indi c a ted  by  an increase  

in p l asma lys ine from 0 . 9  mg . pe r 1 0 0  mls . p l as ma , four 

hours a ft e r  fe eding . Al though ab s o rp t ion of amino a c i ds 

fro m the rumen has been demons trate d by Demaux e t  al  ( 19 6 1 ) , 

Lewi s  and Eme ry ( 1 96 2 )  and Cook , Brown and Davi s ( 1 9 6 5 ) , 

the magni tude o f  its  imp o rtance w as on ly recent ly demons trated 

with  the us e o f  radi o act i ve l abe l l e d  amino aci ds . L abe l 

from D , L - Tryp t ophan , a s l owly de amina ted amino a ci d , ( Lewi s  

and Eme ry , 1 9 6 2 ) , poo rly u t i l i z e d  b y  rumen mi c r o - organi s ms , 

( Candl i s h , Devl in  and La  C ro i x , 1 9 7 0 )  was foun d  in urine wi th i n  

ten minutes of b e ing inj e c ted int o the rumen o f  sheep  

( Candl i sh ,  S tange r ,  Devl in and L a  C ro i x , 1 9 7 0 ) . I t  was 

cal cul a te d  tha t  25 - 7 0 %  of the free tryp toph an in the rumen 

was ab s orbed  into  portal  b lood  w i th i n  three hours . 

Fo l l ow ing the i n t rodu c t i on o f  me th i o n ine - me thy l - 14 C  

into  the rume n o f  a nine month o l d  c al f ,  two d i s tinct  time 

p e ri ods  were ob s e rved when s i gn i fi c an t  quanti t i es o f  

radi o a c t ive me thionine were ab s o rb e d  into the b lood 

( McCarthy , P a t ton and Gri e l , 1 9 7 0 ) . The f i rs t p e ak o c curred 



- 9 -

th i rty minu tes  afte r the introduction o f  t r ace r into the 

rume n , w i th the amount o f  radi o act i vi ty in the blo o d  at th i s  

time b e ing equivalen t  o f  1 0 %  o f  t h e  to t al quan ti ty given . 

The s e cond p e ri o d  o f  ab s o rp t i on o c curred n ine ho urs a ft e r the 

inj e c t i on ,  whi ch mos t li kely rep re sents  the ab s o rp t i on o f  

amino acids r e le as e d  by d i ge s t i on o f  the mi c ro - o rgan i s ms in 

the �all in te s t ine , rele a s ing me thionine inco rp o rated into 

the i r  s truc tu re . Th i s  re cent data sugge s ted that ab s o rp tion 

can be o f  s i gni fi c an t  magni tude i f  the quant i ty of free 

amino  ac ids was  suffic i en tly h i gh in  the rumen , o r  if  the 

amino ac i ds p re s ent  we re only s lowly me taboli s e d  by the rumen 

mi c r o - organi sms . The se re sults c on t r as t w ith findings  o f  

Anni s on ( 1 9 5 6 ) , b as ed on arte r i al - p o rt al di ffe rences , that 

the ab s o rp t i o n  o f  amino acids f rom the rumen d i d  not  o c cur 

follow ing the add i t i o n  o f  cas e in dige s t  to th e rumen . Howeve r ,  

chan g e s  in b lo od flow , as well as the di ffi culty in 

de t e c ting mi c romolar amoun ts of the amino aci ds , could e as ily 

have mas ked any change s i n  concentr a ti on . Th e � - amino 

n i t ro gen content  o f  p o rtal b lood  was  les s  than the c ontent  

in j ugular blo o d ,  th i s  could be  taken as  indi cating  i n creas e d  

splanchni c  b lood  flow , re sulting in a dilu t i on o f  any 

i n c re a s e d  amount s  o f  amino acids ab s o rbed  from the rume n . 

Fur th e r  work in wh i ch b o th blood flow and ami no acid  

conc e n t r a tion  i n  p o rtal b lood  are  me asure d  un de r no rmal 

fe e d i n g  c ond i ti ons is requi red to quan t i tate the  imp o rt an ce 

o f  rumina! ab s o rp tion o f  amino a c i ds . 
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Fate o f  Ammon i a  

Th e ab sorp tion  o f  ammon i a  from the rumen and i t s  

s ub s equen t conve rs i on t o  ure a , to b e  los t  in  the urine o r  

re cy cle d  b ack t o  the rumen , h as b een adequate ly cove re d i n  

revi ews b y  Waldo ( 1 9 6 8 ) , Smi th ( 1 9 6 9 )  and Tillman and S i dhu 

( 1 9 69 ) . Th e ab s orp tion o f  ammon i a  i s  a ffe cted  by the pH 

o f  the rumen contents . As pH incre as es  the ammonium i on 

w i ll be  conve r te d  to NH3 and rap i dly abs o rb e d .  Us ing  an 

i s o la te d  rumen , Mooney and O ' Donovan ( 1 9 7 0 )  found that  a t  

e q ui lib r ium , the conce n t r at ion o f  ammon i a  w as greater  on the 

s ide  w i th low pH. Thi s  phenomena o ccurre d i r re s p e ct i ve o f  

the d i re c ti o n  o f  ammo n i a  gradient  ini ti ally . Th ese  findings 

con f i rmed the  hypo the s is that  rumen t i s s ue was mo re 

pe r me able to ammoni a  than to the ammonium i on and that  

tran s p or t  a c ro s s  the rume n w as p as s ive . Th i s  was in 

con t ras t w i th the ac t i ve transport  of ure a whi ch w as 

ob s e rved by Houp t ( 1 9 70 ) . L i ttle ammoni a  appe a rs in 

p e riphe ral b lo o d ,  indi c a t ing the e ffi c i en cy w i th whi ch i t  i s  

c onve rted to ure a a t  the live r .  Smi th ( 1 9 6 9 )  h as s ug ge s ted  

tha t  ammoni a  m i ght  be  us e d  for  the synthe s i s  o f  non - e s s ent i al 

amin o  acids  a t  the live r , as has  been shown to o ccur in 

mono g as tri cs , (Wrong , 1 9 6 7 ) . 

Re cycling of  n i t rogen , as ure a ,  to the rumen vi a 

s aliva , and by diffus i o n  acro s s the rumen wall , appe ars to 

incre a s e  on low nitro gen  die ts , with a concomi t an t  de c re as e 

in u rinary u re a , (Houp t ,  1 9 70 ) .  I n  s ome c as es a s ub s tantial 
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i nc re as e  in ni trogen re ach ing the duo denum , ove r the leve l 

o f  ni trogen inge s ted , h as b een ob s erved ( Clark , Ellinge r 

and Philli p s on ,  1 9 6 6 ) . 

P i lgrim , Gray and Belling ( 1 9 6 9 )  showed  tha t  on a 

di e t  o f  p e lle te d luce rne hay , o r  luce rne h ay ch aff , 5 9  - 6 6 %  o f  

t h e  ammoni a -N was ab s o rbed  from the rume n , and the remainder 

p as s e d  to the abomas um . Although no t spe c i fi c a lly s tate d  as 

s uch , the ammoni a - N  p as s ing to the ab omas um would include the 

ammon i a - N  i n corporated  by mi c r o - o rganisms into amino a c i ds 

and p ro teins . 

B i osynthes i s  o f  Amino Acids by Rumina! M i c ro - o rgani sms 

Th e concent r a tion of amino acids in rumina! 

flui d has b e en s hown to be relati vely low (Wri gh t and Hungate , 

1 9 6 7 a ) , and some o f  the fre e amino acids  are rap i dly 

ca tab o li s e d  ( Wri gh t and Hungate , 19 6 7b ; P o r tugal , 1 9 6 3 ) . 

B ry an t  and Rob ins on ( 1 9 6 2 )  found that 82 % of the s trains  o f  

r umen micro - o rg anisms i s olated on a non - s e lect i ve me dium 

grew w i th ammoni a as the p rinc ipal s ource o f  ni trogen . That 

de novo s ynthe s i s  and the b io s ynthet i c  me chan i s ms involve d 

i n  amino a c i d  synth e s i s  a re important has  been ab ly 

demons tra ted  by V i r t anen ( 19 6 6) in an exp e rime nt in  whi ch 

cows produced milk p ro tein whe n  fed on a d i et ent i re ly devo i d  

o f  amino ac i ds . A mo s t de t a i le d  and comp rehens ive revi ew 

o f  the b io s yn the s i s  o f  amino a c i ds by rumen m i c ro - or g anisms 

has been p rovided by  All i s on ( 19 6 9 ) . I n  general the re a re 
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th ree  main requ i rement s  fo r amino acid  s yn the s i s ; ammon i a , 

c arb on s kele ton , and ene rgy . Glut ami c dehydrogenas e app e ars 

to re the maj or en zyme sys tem in th e amm oni a fixation 

me chan i sm in  ruminal b acter i a , ( Chalup a , Cl ark , Op l i ge r  an d 

Lavke r ( 1 9 7 0 ) ) wh i l e  o th e r  dehydrogenas e s , glut ama te­

oxaloacet ate  trans aminas e ,  and glutama te - pyruvate trans aminas e 

could als o b e  o f  imp o rtance . Th e carb on for amino acid  

b i os ynthes i s  p rob ab ly c ome s mainly from in terme d i a te s  of  

carb ohydrate fe rment a ti on , fe rment ation end p ro ducts , 

vi z .  carbon dioxide , ace t a te , and fo r s ome b acteri a ,  

b r an ched chain fat ty acids . The ene rgy fo r b iosynthe s i s  

i s  ma inly de rived from glyco l y t i c  re a c t i ons , wi th the amoun t 

o f  ene rgy p roduce d ,  limi t e d  by the an ae rob ic  nature o f  

rumen fe rmen tat i on ( Hungat e , 1 9 6 6 ) . 

Syn the s i s  o f  Microb i a l  P ro te in 

Meas uremen t  o f  the amount o f  m i c rob i a l  p ro t e in 

p ro duced  has been  d i ffi cul t ,  be caus e o f  the p rob l ems faced 

in di s t ingui shing b e tween fe e d - N  and mi c rob ial - N . Me tho ds 

o f  o ve r c oming th i s  h ave involve d us ing fe e d - N  with  

pa r t i cular chemi c al ch ara c te ri s t i cs . McDonald  ( 19 5 4 )  and 

E ly , L i t t le , Woolfolk and M i t ch e l l  ( 1 9 67 )  us e d  the s olub i li ty 

of ze in  in  alcohol ,  and McDon ald and Hall (19 57) us ed  the 

phosphorus content o f  cas e in to  di s tin gu i sh fe e d  p r o t e in 

from m i c r ob ial pro t e i n  in duodenal contents . McDonald ( 19 5 4) , 

Temmle r - Kuchars k i  and Gaus s ere s ( 19 6 5 )  and E ly e t  al ( 1 9 6 7 )  
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us e d  the lys ine content o f  fe ed and mi crob i al p r o t e in to 

e s t imate  mi crob ial p rote in in dige s ta .  

Welle r ,  P i lgrim and G ray ( 1 9 6 2 )  and e l  Sh az ly and 

Hungate ( 19 6 6 )  have us ed the con cen t r a t i on o f  �-£­

di aminop imeli c ac i d , an amino acid pe culi ar to b acteri a ,  

to e s timate b acte r i al growth , altho ugh Synge (19 S 3 ) s howe d  

th a t  the r a t i o  o f  di aminopimeli c a c i d  t o  total ni tro gen vari ed 

cons i de rably amongs t di ffe rent b ac te ri a .  

Temmler - Kuchars k i  and Gaus s e re s  ( 1 9 6 S )  b as ed 

es tima tes  o f  mi c rob i al pro t e in on DNA c ontents . Re cently 

McAllan and Smi th ( 19 6 9 )  ove rc ame the d i ffi cult i es involve d 

in de t e rmining RNA and DNA , and they h ave sugge s te d  that  

RNA content could b e  us ed  as  an indi c a to r .  They fo und that 

the DNA to to t al n i t ro gen r a t i o  var i e s  markedly b e tween 

d i ffe rent organi sms and part i cula rly b e tween b ac t e r i a  and 

p r o to zoa , part  o f  thi s  var i a t i on be ing  due to chan ge s  in 

mi crob i al compos i t i on and s t age o f  g rowth o f  the o rgani sms . 

However RNA w as a much mo re cons tant  p roport i on o f  to t al 

mi crob i al n i t ro gen and was thus s ugge s ted as b e ing a much 

mo re reli able mi c rob ial mark er in  dige s ta th an e i the r DNA 

o r  to t al nucle i c  a c i d .  

McDona ld ( 19 S 4 )  found that when ze in  p rovi de d 

8 2  - 9 4 %  o f  the to t al ni tro gen , approximately 4 0  - SO% o f  the 

z e i n  was  conve r t e d  to mi c rob i al prote i n . When urea  s upplie d  

SO% o f  the n i trogen , and z e in the o th e r SO% , only 1 3 %  o f  the 

z e i n  was  degraded in the rumen (Hume 1 9 7 0 c ) . Welle r , 
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Gray and P i lg rim ( 19 5 8 )  e s timated tha t , on a d i et o f  whe a ten 

hay , 6 3  - 8 2 %  o f  the plan t - N  was conve rted  to mi crob i al-N . 

Fur th e r  work involving d i e t s  o f  whe aten hay plus luce rne , 

and luce rne , s howed tha t  6 0  - 8 2 %  o f  the plan t - N was 

conve r te d  to mi c rob i al- N , w i th the upp e r  figure pos s i ble 

being  mo re corre c t , s ince omas al con tents exh ib i ted  th i s  leve l 

o f  conve rs i on . 

Smi th and McAllan ( 1 9 70 )  found that fo r a r ange 

of  d i e ts , 5 5 - 8 0 %  of the non - ammo n i a  n i t ro gen in rumen 

flu i d  o f  calve s , and 4 0  - SO% in cows , was o f  mi crob i al 

o ri g in . They als o ob s e rved tha t the addit ion o f  s t arch 

( 4 5 0  g .  per  fe e d) t o  the rumen had li t tle e ffect  on nucle i c  

acid  concent r a t i on whe re as  the add i t i on o f  sodium c as e in a te 

( 3 5 0  g r ams pe r fee d ,  as a p a s te )  incre as ed the nucle i c  a c i d  

concentr ation by 6 5  � 1 0 %  after  a s ingle me al , while 5 . 5  

hours after  the las t  o f  thre e s ucce s s ive me als , nucle i c  acid  

concen trat i on w as increas ed  by  1 6 5 % . On  a low n i trogen 

di e t  o f  whe a ten h ay , 6 8 %  o f  the plant -N was c onve rted  to 

microb i al-N , while on a h igher ni trogen diet o f  luce rne h ay 

the convers ion r a te w as 5 3  - S S %  ( P i lg rim , Gray , Welle r and 

Belling ,  1 9 7 0 ) . P ilg rim e t  al ( 1 9 70 )  als o  con cluded that  

synthe s is of  mi c rob ial p r o t e in w as mo re dependent on  ammonia  

as  a s tar ting po int  w i th the low n i tro gen di et  than w i th the 

h i gh e r  ni trogen d i et . 

Thus i t  would app ear  that 5 0  - 8 0 %  o f
. 

the plan t -N 

i s  conve r te d  t o  m ic rob i al- N . D e co r t i c ated groundnut mea l  ( Smi th 
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and McAl l an , 1 9 70 )  an d z e in (Mc Donal d , 1 9 5 4 ; Hume , 1 9 70 c ) 

app e a r  to  be more re s i s tant  to mi c rob i al b re akdown , whe r e as 

cas e in (McDon a l d  an d H a l l , 1 9 5 7 ) i s  a lmos t comp le t e l y  de g rade d  

in the rume n .  

The rmodyn ami c Aspe cts o f  Mi c rob i a l  P rote in P ro duc tion 

Limi tat ions on mi crob i al p ro te in syn thes i s  in the 

anae rob i c  condi t i ons o f  the rumen have b e en re vi ewe d by 

Walke r ( 1 9 6 5 ) , Hun gate ( 1 9 6 6 )  an d Ho g an and We s ton ( 19 70 ) . 

Wh i l e  ae rob i c  mi cro - organisms c an syn the s i s e  6 0 - 7 0 %  o f  the 

c a rb ohy drate s ub s tr ate into p ro t op l as m ,  an ae rob i c  o rg an i s ms 

us ua l ly uti l i s e  1 0 % , and rare ly mo re than 2 0 % . Rumino co c cus 

albus in pure cul ture , wi th ce l lob i o s e  as the s ub s trate , 

gave ce l l  y i e l ds of  2 2 %  and 26 . 4 % (Hun gate , 1 9 6 6 ) . 

Us in g a me th od involving me as ure ment o f  S 35 

in c o rp o ra ti on i n to pro te in , Wa lk e r  and N ade r ( 1 9 6 8 ,  1 9 70 ) 

es t i mated  that  on a di e t  o f  l uce rne , 1 4 . 4  g o f  mi c rob i a l  

p ro t e in w as s yn thes i s e d  p e r  1 0 0  g o f  o rganic  mat te r di ges ted 

in the rumen . Th i s  e s timate w as in reasonab l e  agre e ment with  

a val ue ob tain e d by Ho gan and We s ton ( 1 9 6 7 )  un de r in vivo 

condi tions , an d was the re fo re taken to con fi rm the val i d i ty 

o f  the me tho d .  Howeve r ,  Hume ( 19 70 a , b , c , d) fo un d  9 . 1  - 2 3 . 3 g 

o f  p ro t e in syn thes i s ed p e r  1 0 0  g o r g ani c mat te r di ge s te d  in 

the rumen . Wa l k er and Nade r  ( 1 9 70 )  b as e d  the i r  e s timates  

on a s i tuation in  whi ch ene rgy w as l imi t in g .  I n  Hume 's w ork 

the n i trogen was s upp l ie d  by u re a  o r  by u re a  p lus ge l atin , 
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an d the amo un t o f  p ro te in synthe s i s e d  agre e d  w i th a p e rs onal 

commun i c a ti on e s timate by Walker , o f  ab out 1 7  g of  p ro te in 

per  1 0 0  g of o rgani c matter  di ge s te d . Howeve r ,  when the 

n i t r ogen was s upp l i e d  by ure a plus cas e in or by ure a  p l us 

z e i n , the p ro t e in syn the s is ed was far ab ove the theo re t i cal 

es t imate , vi z .  2 3 . 3 and 2 2 . 5  g of p ro te in per  100 g of 

organ i c  matte r di ges ted , re spe c t i ve ly . Hume thus 

con cluded that  ene r gy was no t li mi t in g , as the intakes  o f  

o r gan i c  ma tte r an d thus the poten t i a l  ATP p ro duction , on 

all four die t s  w e re the s ame . Th e p os s ib ili ty the re fo re 

remains that s ome p ro te in de riva t i ve , s uch as an amino a c i d  

o r  p ep t i de , may have b een limi ting the ure a  and the ure a 

plus ge l at in d i e ts . 

Hume ' s  findings woul d confl i c t  w i th pre s ent  the o r i es 

on mi c rob i a l  synthe s i s  and fe rmen ta tive ac tivity (Walke r ,  

1 9 6 5 ; Hungate , 1 9 6 6 ) . The synthe s i s  o f  s to r age compoun ds 

may p a rtly  e xplain the di ffe ren ce s  ob s e rve d  in grow th 

e ff i c iency , s in ce the amount of ene rgy s to red  as polys acch ar i de 

in r umen b ac te ri a  can be as much as  8 0 %  o f  the ene r gy 

avai lab le (Walke r ,  1 9 6 8 ) . S imi larly Walke r and Nade r (1 9 70 )  

found de c re as i n g  utili s ation o f  ene r gy fo r prote in s yn the s i s 

co rrelated  w i th an incre as e in p o ly s a cch ari de content o f  

o f  the mi c rob i al ce lls , while the re turn o f  cellula r 

p o ly s acch a r i de levels to  pre - fe eding  value s w as a ccomp an i e d  

b y  i n cre a s e d  us age of energy fo r p ro te in synth es i s . Thes e 

ob s e rvations co uld e xp lain the lack o f  incre as e in nucle i c  
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aci d conce n t r a t ion o f  rumen flu i d  5 . 5  hours afte r s ta rch w as 

adde d to the rumen , ( Smi th an d McAllan , 1 9 70 )  whe re as when 

cas e in was adde d the re w as a mark e d  inc re as e in nucle i c  acid  

con cen tration . The re s eems to b e  li t t le doubt  that p ro duct i on 

o f  microb i al p ro t e i n  i s  limi t e d  to app roximately 6 . 0  - 6 . 6  g 

p e r  mole o f  ATP ( Fo r res t ,  1 9 6 9 )  un de r  ene r gy li mi ting  

condi t i ons . What  i s  not  known i s  whe the r ,  unde r s ome 

condi t ions , " g row th factors " othe r than ene rgy a re limi tin g . 

I t  would app e ar from the wo rk o f  Walke r and Nade r ,  ( 1 9 70 ) , 

Smi t h  and McAllan ( 1 9 70 )  and Hume ( 1 9 70 c) that i f  the s e  o the r 

" g row th facto rs " a re pro vi de d  in la rge amo unts , then  ene rgy , 

ins tead o f  b e ing s tore d ,  would b e  ut i li s ed fo r mi c rob i al 

p ro te in p roduc tion . Unde r the s e  cond i t i ons , whe re the re h as 

b e en re duce d c os t o f  amino acid  s yn the s i s , the utili s at ion 

of e n e r gy may be more e ffi c i ent . 

Quali ty o f  Mi crob ial P rote in 

McN aught , Owen , Henry and Kon , ( 1 95 4 ) , inve s ti gated  

the nutri t i ve value of  dri ed p rep arati ons of  rumen b ac te r i a 

and p roto zo a when fed to r ats . They found the t rue 

d i ge s tib i li ty , b iolo g i c al value , and n e t  p ro t e in u ti li s a t i on 

fo r b a c te r i a  to be  74 , 8 1  and 6 0 , and fo r pro to zo a  9 1 ,  80  

and 7 3  res pe c t ively . In many r e s pe c t s  li ttle p ro g re s s  has 

b e e n  made in thi s  field ,  s in ce n o  di ffe rence in p ro te in 

qua l i ty of mi c ro - org ani sms has b een demons trate d  as a res ult 

o f  d i ffe rent expe riment al condi t ions . Purs e r  ( 19 7 0 a) p rovi de s  
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an exce l l ent  revi ew on this  top i c  from tw o vi ewpo ints : 

1 )  the amino acid compos i ti on o f  the mate r i al 

p re s ented fo r d i ge s t i on , and 

2 )  the ava i lab i li ty o f  the amino a c i ds from 

thi s  mate r i al .  

I n  gene ral , the amino aci d compos i t ion o f  bulk  

b a c te r i a l  and  pro to z o a l  p repa r a t i ons has  been s hown to  b e  

s imi l ar fo r a wide range o f  d i e t s  and condit ions , al though 

Hoe lle r and Harmeye r ( 1 96 4)  have s hown di fferenc e s  in amino 

a ci d  compos i t ion among vari o us s p e c i e s  o f  pro to zo a .  

Un fo rtun ate ly , none o f  the data  on th e b io logi c al value 

o f  mi c rob i al pro te in have been  ob taine d in rumin an ts , and as 

s u ch , conc lus ions on the l imi t i n g  amino acid o f  b ac te ri a l  

o r  pro to zoal fra c t i ons need  t o  b e  c ons i de red w i th re gard 

to thi s  p o i n t . 

The imp rovemen ts in animal production ob tained  by  

abo mas al in fus ion o f  me thionine , cys te ine and c as e in  ( Re i s  

and S ch in cke l 1 9 6 3 , 1 9 6 4  and Re i s  19 6 9 )  i n  sheep , an d lys ine 

( De vl in , 19 6 6 ; S ch e l ling and Ha tfi eld , 19 6 8 ) in  c a ttle an d 

sheep , w ould s eem to indi cate that unde r s ome die tary 

condi t i ons the to t al amoun t o f  a parti cular amino a c i d  

ab s o rbed  was  le s s  than tha t  requ i re d  fo r opt imum animal 

producti on . B e rge n , Purs e r  and C l ine  ( 19 6 7 ) e x amine d the 

free amino acids in s olu tion a fter a three  hour d i g e s t ion by 

peps in followe d  by a twenty - four  hour d i g e s t i on w i th 

pancre a tin o f  e i gh teen s trains o f  rumen b acte ri a .  Althou gh 
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the re w as s imila ri ty in the amino ac i d  compos i t i on o f  

acid  hydrolys ate s  o f  indivi du al rumen b a c teri a , mark e d  

di fference s o ccurr e d  be twe en the b ac te ri a  with respe c t  t o  

the i r  p ro te in quali ty . Thes e d i f fe rences  we re due n o t  only 

to di ges tib i li ty di fference s , but als o to  the p a t te rn in 

wh i ch the amino a c i ds we re rele as e d  from b acte r i al p ro te in .  

I t  would the re fo re s eem re as on able to as sume that ch ange s  

in  the co mp os i t ion o f  the rumen popula t i on mus t  b e  

cons i de re d  as a pos s ible explan ation fo r chan ge s  in  ni trogen 

uti li s a tion  or ami no aci d p a t te rns as a re sult o f  die tary 

mo d i f i c at i ons . 

The p ro te in p re s en t e d  fo r d i g e s tion in the s mall 

intes tine c an thus a ffe c t  the amino a c i d  nutri t ion o f  the 

animal in  two ways ; 

1 )  via  variation in rates  o f  releas e ,  and the re fore  

in  the  to t a l  quan t i ty of an amino aci d avai lab le , and 

2 )  by the in te r ac t i on b e twe en amino aci ds wh i ch 

c aus e s  var i a ti on in ab sorp tion rate s . For ex ample , Rob ins on 

(19 6 8 ) , found that  low concent r ations o f  L - me th i on ine 

s ti mula te d  L - leucine  up tak e , but  at  h i gh concentrations o f  

L - me th i on in e , inh i b i tion o ccur re d .  S imi larly , L - arginine 

up t ake i s  s timula ted  by L - ci t rulline and inhib i te d  by 

L- i s oleucine . Wis eman ( 1 9 6 8 )  has c omp rehens ively revi ewe d 

the abs o rp ti on o f  amino a c i ds from the gas tro - intes tinal 

trac t .  I t  has  been  as sume d tha t  ab s o rp t i on o f  amino a c i ds 

i n  ruminan t s  was s imilar to  ab s o rp t ion  in  mono gas tri cs , 
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al th ou gh ne i the r e vi dence to ve r i fy th i s  as sump ti on , nor  to 

disp rove i t ,  has been fo und . 

Purs e r  ( 1 9 70 a) re c a l cul ated s ome o f  the dat a o f  

Clark , E l l in g e r  an d Ph i l l ip s on ( 1 9 6 6 )  whi ch e n ab l e d  one 

to examine whe the r  amino a c i ds we re ab s o rb ed in p ropo r t i on 

to the i r  concen tration in d i g e s ta , from the sma l l  intes t i�e . 

The data s howed tha t  excep t fo r threon ine , the es s en ti al 

amino aci ds ( Downes ,  1 9 6 1 )  we re l owe r in  c oncen t ration i n  

i le a l  than in  duo denal con t e nts , wh i l e  excep t f o r  

glutami c  acid , and pos s ib le asp a rt i c  ac i d , the conve rs e was 

true fo r the non - e s sent i a l  amino acids . Re cal c ul ation o f  

data o f  MacRae , P e arson an d Hendt l as s  (pe rs comm) , in  

wh i ch three  di e ts we re us e d  ( dr i e d  g ras s , drie d  g ras s p l us 

treated  c as e in an d drie d  g ras s p lus un tre a te d  c as e in) , 

g ave v i r tually  i dent i c al resul ts to tho s e  ob t ained  by 

Purs e r  ( 1 9 70 ) . 

The s e  res ul ts are i mpo rtant in  tha t they  

demons t r ate  the  greate r  val ue o f  the ni trogen di s appe aring 

from the smal l intes tine o ve r  tha t  remaining . Thi s  i s  

as suming tha t  the re i s  n o  l im i t  to the synthes i s  o f  

non - es s en t i a l  amino acids w i thin the ruminant . 

Al though the s e  re s u l ts coul d b e  tak e n  t o  i nd i cate  

pre ferentia l  ab s o rp t i on of  e s s ent i al amino a c i ds , Purs e r  

pointe d  o ut tha t  they may re fl ec t  the type o f  p ro t e in 

pre s en t e d  fo r di ge s tion . A re l ationship b e tween amino acid  

dis appe arance from the gut and the re l e as e  of  amino acids 
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from pure cultu re ( r  = 0 . 74 p < O . O S )  would tend to supp o rt this  

hyp o the s i s . Hungate ( 1 9 6 6 ) , 0ltj en ( 1 9 6 9 )  an d Smi th ( 1 9 6 9 )  

h ave als o di s cus s e d  the quali ty o f  mi crob i al p ro te in in  

the i r  revi ews o f  ni trogen me tabolis m .  

There  appe ar to b e  two main di ffi cult i e s  as s o ci a te d 

wi th es tima t i o n  o f  the quali ty and quanti ty of rumen 

mi crob i al p ro te in . The fi rs t has b een the la ck o f  a 

s u i table me thod fo r dis tinguishing  fee d - N  from mi crob i al - N , 

although Smi th and McAllan ( 1 9 70 )  c ons i de r  RNA me asu rements 

to be  reli ab le . The s e cond di ffi culty has been in 

me asu ring the amount s  o f  individu al amino acids ab s o rb e d  

from the g as t r o - inte s tinal trac t .  Wi th improvements 1n  

cath e teri s a tion  te chniques and me thods for  me asuring blood  

flow , the amounts  o f  amino acids ab s o rb e d  may s oon b e  

me asured w i th s ome de gre e o f  accuracy , thus enabling  the 

colle c t i on o f  data  wh i ch would cons ide rab ly exp and o ur 

knowledge o f  the p ro tein nutri tion o f  the ruminan t . 

The amino Ac i d  Requi rements of the Lactating Ruminan t  

The de arth o f  info rma t i on on the amino a c i d  

requi rements  for  the growing o r  lacting ruminan t  has  

recently b e en the sub j e ct of revi ews by Ha tfield ( 19 70 ) , 

Jacob s on ,  Van Horn and Sni ffen , ( 19 70 ) , McCarthy , P a tton and 

G r i e l  ( 1 9 7 0 )  and Purs e r  ( 19 70b) . Barry ( 1 9 6 1 )  revi ew e d  the 

e arly data from arte rio-venous d i ffe rences  and trac e r  s tudi es , 

con ce rning the pos s ib le precurs ors o f  milk pro te in .  Altho ugh 
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it  was once c on s ide red  tha t  mi lk p ro te ins were abs o rb ed 

from the b lood , pre fo rme d ,  i t  would now appea r tha t  c as e in 

and 8 - la c to globulin ,  at le as t ,  are s yn thes i s e d  w it h in the 

mammary gland from plasma f r e e  amino a c i ds . 

An examinat ion o f  the arteri o - venous di f ferences  o f  

i ndividu al amino a ci ds ( requi red  fo r milk pro te in  s ynthes i s )  

in cows  b y  Ve rbeke and Pee ters  ( 1 9 6 5 )  reve ale d tha t  

suffi c i ent  quan t i t i e s  o f  argin ine , glutamine , i s o - leu cine , 

leucine , lys ine , v aline , threonine and h i s tidine we re taken 

up by the mammary gland to a ccount  fo r all the i r  re spe c tive 

amino a c i d  res i due s in m i lk pro tein . Th e up take o f  

asp arag ine , glut ami c  ac i d ,  s e r ine and p roline was  

insu ffi c i e n t  to a c count fo r the i r  respe ct ive res i dues , 

wh ile o rn i th ine , a non - cas e in amino a c i d  showed  an art e ri o ­

venous di f fe rence o f  up to 6 0 % o f  a rte r i al plasma concentr ation . 

S imilarly , Shimb ayash i , I de and Sono ( l9 6 7) found the upt ake 

o f  asp a r t i c  aci d , s er ine , gly c ine and glu tami c a c i d , by 

the lact a ting  cow mammary gland , to be insuffi c i ent  to accoun t  

fo r the i r  re s p e c t i ve res i dues  i n  c as e in . 

The po s s ibili ty o f  o rni thine b e ing c onve r t e d  to 

proline was  examined by Ve rb eke , Pee te rs , Mas s ar t - Le en and 

Cocqy t ( 1 9 6 8 ) . I n  sheep they found that nearly 2 5 %  o f  the 

p roline in  c as e in c ame from o rn i thine and arg in ine.  Mepham 

and Linzell ( 1 9 6 6 )  obs e rved that  in the goat , the upt ake 

of arginin e  was thre e  to fou r  t ime s in exces s o f  

requirement s . Us ing labe lle d arginine , Mepham and L inze ll 
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( 1 9 6 7 ) , demon s trated that the argin ine was be ing conve rted  

to  p ro l ine . I t  was als o app arent from th i s  work tha t  the 

up take o f  the non - es s ent i a l  amino acids was mo re var i ab l e  

than the up t ake o f  the e s s ent i a l  amino ac i ds , wh i ch would sugge s t  

tha t the mamma ry gland was no t comp l e t e l y  dependent on 

p l asma p ercurs ors for  the non-es s ent i a l  amino acids . 

I so top i c  e v i dence  s howing that  s e rine , al anine , g l u tamate 

and asp artate c an be  fo rme d from g l uco s e  and s e rine , and 

p ro l ine , g l u t am a te an d aspartate f rom acet ate ( L i n ze l l ,  1 9 6 8 )  

i s  cons i s tent w i th th i s  hyp o thes i s . Thi s  work g ave s ome 

l e a d  as to whi ch are the e s s en t i a l  amino a cids fo r mi l k  

p ro te in p ro du c tion . 

More  detai l e d  amino ac i d  requi rements  have come 

from in v i t r o  w o rk . L a rs on ( 1 9 6 5 , 1 9 6 9 )  in his  review o f  

m i l k  p ro tein  b iosynthes i s , conc luded tha t  there  w as no  

re ason to  be l i e ve that mi lk  p ro tein  synthe s i s d i f fe r e d  from 

p ro te in synthes i s  in o ther t i s sues . Us ing a ce l l  fre e sys tem 

from l ac t a ting bovine mammary t i s s ue , Be i t z , Mohrenwe i se r ,  

Thomas and Woo d  ( 19 6 9 )  have demons t r ate d fai rly conc l us ive ly 

tha t  syn the s i s  of  mi lk  pro te in con fo rms to the me chanism  

of p ro t e in synthe s i s  found in o th e r  b io l o gi ca l  sys tems . 

S ch i ngoe the , Hageman and L ars on ( 19 6 7 ) have 

u t i l i s e d  ce l l  cultures p repare d  from  l a c tating b o vine and 

rat  mammary g l and. The bovine cul tures  d i d  no t h ave a 

requi rement  fo r glutamine o r  tyros ine . The pres ence o f  

g l ut amine s yn th e t as e  adequately  exp l ained the l a ck o f  
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a glutamine requi rement , while the demons t ration o f  

phenylalanine hydroxylas e act ivi ty in the bovine s e c re t o ry 

cells , cap ab le o f  c onve r t ing phenylalan ine to tyros ine , 

e xplained the la ck o f  a tyros ine requ i rement . None o f  the 

o th e r  bovine t i s sues  pos s e s s ed th i s  lat t e r  enzyme . O f  gre a t  

int e re s t  w a s  the finding tha t syn the s i s  o f  S - cas e in and 

S- la ctoglobulin was no t s i gn i f i c an tly dep re s s ed when the 

e s s ent i al amino ac i ds only , were added to the medium . Thus  

the mammary c ells appear  to b e  able to synthe s i s e  the  

us u al non - e s s en t i al amino acids , whi ch i s  in contras t to  the 

conclus i on rea ched by Meph am and L in zell ( 1 9 6 7 )  b as e d  on 

arterio - venous d i f fe rence o f  ure a .  Elevated levels o f  

amino acids ab ove phys iologi c al le vels resulted  in a 

s t imulation o f  S - lacto globulin but  no t of  � - c as e in in b ovine 

cells whi ch le d Sching oe the e t  al , to suggest  that th e 

s e c re tory ce ll may have no d i re c t  control othe r th an 

s ub s trate ava i lab ili ty . Bas ed  on the s e  ob s e rvati ons , the 

autho rs als o  felt tha t  the mammary cells were cap ab le o f  

p r o ducing mor e  protein  than i s  no rmal ly ob s e rved .  

Who le animal s tudi e s  

(i ) Lys ine . 

The u s e  o f  amino acid  b alances  to det e rmine 

l im i ting amino a cids  en tails the me as u rement o f  ami no acid  

concen trati on in  feed , fae ce s and milk . A negat ive b al an ce 



- 2 5  -

o f  an e s s en t i al amino a cid indi c ates ne t synthe s i s  i n  

the rumen , while a pos i tive b alance indic ates n o  ne t synth e s is  

in the rume n .  Thi s me thod may indicate  li t tle o r  no ne t 

s yn thes i s , b ut be caus e of  amino acid de gr adation o r  

requi rement fo r t i s s ue pro te in s ynthes i s , cons i de r able 

synthe s i s  c ould b e  o ccurring in the rume n .  

B i gwoo d  ( 19 6 4 )  us e d  a rough app ro xima t i on o f  th i s  

me thod when h e  meas ured the amino a c i d  con tent o f  fe e d  and 

di ge s ta at  the omas al- abomas al j unction . Bas e d  on chan ge s  

i n  amino a c i d  compos i tion in  d i ge s ta and the h i gh lys ine 

content of  m i lk p r o te in , B i gwood  conclu de d  tha t  ly s ine was 

p rob ably the fi rs t limi ting amino aci d .  Purse r ,  Klo p fens t e in 

and Cline ( 19 6 6 )  have als o s ug ge s ted th at lys ine 

might  be  the firs t limi ting amino aci d  for ruminan ts . 

( i i )  Me thi onine 

Us ing the comple te  amino aci d  b alan ce app ro ach , 

Jacob s on , S oeward i , B arne t t ,  Hat ton and Carr (19 6 9 )  fo und 

glutami c a c i d  and lys ine to b e  in  ne g at i ve balance wh i le 

ty ros ine and the s ulphur containing amino acids we re 

e s senti ally in b alan ce . Th e autho rs thus cons i de re d  the re 

was li t tle ne t syn thes i s o f  the s ulphur amino acids  and they 

mi ght  be the f i rs t limi ting amino acids . The d a t a  mi ght 

also  be inte rp re t e d  as ind i c a ting  the h i gh requi rement fo r 

lys ine and glutam i c  acid , and thus any inte rfe ren ce to  the 

synthe s is o f  thes e  amino a ci ds could res ult in an 
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amino a c i d  insuffi c i ency , and a lim i t ation to p ro duc tion . 

Conr ad , Hibbs  and P r a t t  ( 1 9 6 7 )  an d Con r ad , M i le s  

and But do r f  ( 19 6 7 )  have e s timated the me thionine s ynthe s i s e d  

i n  the rumen o n  an alfalfa h ay concentrate di et . The i r  

re sults ind i c ated tha t  s uffi c i ent me th i onine was s yn thes i s e d  

fo r a la cta ting animal. The amount o f  me thi onine de g r ade d 

in the rumen was a s s es se d  from the de gradation o f  fish  me al 

placed in  the rumen in a nylo n b ag ; they e s timate d that  only 

1 0 %  would be  de g r ade d ,  where as Smi th ( 1 9 6 9 )  ob t ained 6 0 - 7 0 %  

de gradation . 

Te i chman , Caruolo and Mochri e ( 1 9 6 9 )  and F i s h e r  

( 19 6 9 )  found intravenous infus i on o f  me th i onine h ad n o  e ffe ct  

on  milk y ield and compos i t ion . F i s h e r  als o  fo und no e ffe c t  

w ith DL - me th i onine plus L- lys i ne . I n  b o th c as e s  the tre a tment 

p e riod  las t e d  only four d ays , and thi s  may have b e en 

ins uffi c ie n t  t ime to alrow ch anges to o ccur . B ro de ri ck , 

Kowalc zyk and S a t t e r  ( 1 9 70) and Willi ams , Mar t z  and 

Hilde rb rand ( 19 7 0 )  fed an encap sula te d  DL -me thionine wh i ch will 

pas s through the rumen in t a c t  and b e come availab le fo r 

abs orp t io n  in  the  intes tinal t rac t ( S ibb ald , Lou ghe e d  and 

Linton , 19 6 8) . Dos es o f  5 ,  1 2 , 1 5  o r  4 5  gm . o f  DL - me thionine 

pe r day fai le d  to give any b ene f i c i al e ffe c t  on mi lk 

y i e ld and compo s i t ion . 

The rep ort o f  Gri e l ,  Pa t ton , McCarthy and Chandler 

(1968) was the f i r s t published in  whi ch a res p on s e to th e 

die tary addit ion o f  an amino a c i d  had b e en ob tained in  a 
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l a c ta ting ruminant . In  this  c as e , me th i onine , fe d as the 

hydroxy ana l ogue , w as us e d .  A s i gni f i c ant incre as e in the 

y i e l d  o f  fat corre c t e d  milk ( FCM) w as ob tained , w i th 

e vidence tha t  no t a l l  breeds g ave a s imi l a r  resp ons e , as 

w as s hown by s igni ficant b re e d  x tre a tment inte ract i on . 

Ex amination o f  the fatty aci d compos i t i on o f  mi lk  fat  showe d 

that  me thi o n ine hydroxy anal o gue (MHA) supp lemen te d  cows 

a l s o  s e c re t e d  gre a te r  quan t i t i es of 18 carbon fat ty acids 

than cows rece iving no supp l ement ( P a t ton , Mc C ar thy and 

Grie l 1 9 70 b ) .  S ince  th i s  rep o rt , Po l an ,  Chandl e r  and Mi l l e r  

( 19 70 )  have ob taine d evi dence t o  sugge s t that  l e ve l s  g re a t e r  

than 2 5  grams p e r  day o f  MHA depres s FCM y i e l d  a n d  mi lk 

y i e l d .  S im i l a rly , Jacob s on ,  Van Ho rn and Sni ffen ( 1970 ) 

found tha t  mi lk y i e l d  was dep r e s s ed , fat  p ercent incre as e d , 

and y i e l d  o f  F CM unaffe c te d ,  when 80 g rams per  d ay of  MHA 

was fed to four h i gh pro duc ing  (4 0 kg mi lk per  day )  c ows in 

a doub le reve rs al  de s �gn . 

I t  app e a rs that the e ffe c t  o f  MHA may b e  medi a te d  

via  rumen l ip i d  me t ab o l i s m .  I n cub ation  o f  me thi on ine w i th 

rumen con t en ts in  v i t ro has  re s u l t e d  in  a s timul a t i on o f  

l ip i d  s yn the s i s  (Patton , McC a rthy and Frie l , 19 68) , and in  

parti cul a r  a s timula tion o f  the produ ction o f  po l ar l ip i d  

(Patton , McCarthy and F r ie l , 1970a) . When  rumen fluid from 

cows s upplemented w i th 80 g rams o f  MHA d a i ly was  i n cub ated  

with  l ab e l l e d  a ce t a te and g lucos e ,  the re was r ap i d  inco rpo ration 
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o f  l ab e l  into  comp l ex l ip i ds , 9 0 %  o f  wh i ch was po l ar l ip i d  

( P a t ton e t  a l , 1 9 70 a ) . The incre as e i n  l ipid  w as as s oc i a t e d  

w i th the p ro to zo a  (Mc Car thy , P a t to n  and Griel , 1 9 70 )  and 

i t  has  b een s ugge s ted  that me th i onine may b e  l imi t in g  the 

g rowth o f  s ome rumen micro - o rg an i s ms , p a r t i cularly s ome 

p ro tozo a .  Th es e findings woul d agree  wi th thos e  o f  Keeney , 

K a t z  and Al l i s on ( 19 6 2 ) , in wh i ch i t  was shown that  the maj o r  

p ropo rtion o f  the l ip i ds i n  the rumen are as s oc i a te d  w i th 

the p ro tozo a .  

Evi de nce tha t  the e ffe c t  o f  MHA i s  no t only i n  the  

rumen was  s hown by the in cre as e i n  to tal quanti ty o f  b l ood  

s e rum l ip i ds (Patton , McCarthy and  Grie l , 1 970b )  and 

abs ence o f  t r i g lyce ride in th e S - l ipop ro te in frac tion  o f  th e 

s e rum o f  cows rece iving MHA . 

( i i i )  Glut amic  ac i d  

Amino acids a re spe ci fi c al ly requi red  f o r  p ro t e in 

syn thes i s , b u t  many als o p l ay an imp o rt an t  ro l e  as  

g l uco genic  p r e co rs o rs . I n  a 4 5 0  kg  l a c tating cow , p ro ducing 

20  kg of mi l k  pe r day , B l ack , Egan , An and and Chapm an ( 1 9 68) 

have cal cu l a te d that the gluco s e  requ i rement for l ac to s e  

product ion and oxida tion i s  1 36 0  g rams p er day . The r o l e  th at 

g l ucogeni c  pre curs o rs p l ay i s  o f  s ome imp o rt ance . Glutami c 

acid compris e s  1 9 . 8% o f  al l mi lk pro te in , and i s  a 

g l u co genic amino acid . Eg an and B l a ck (1968) and Eg an , 

Mo l l e r  and B l a ck ( 1970)  have s tudied  the me tab o l ism  o f  
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glu tamic  acid in l a c tat ing cows and goats  and f ound that 

only 1 2-1 5 %  of an inj e c te d  dos e  o f  l ab e l l ed  g l u t amat e  was 

re cove re d in mi lk  after 48 hours . Lac tos e accounted fo r 

mo re o f  the carb on - 14 re cove red than d i d  c as ein o r  a lbumin . 

I t  would  the re fo re s eem tha t  more o f  the glutamate c arbon 

w as u t i l i s e d  fo r glucone o genes i s  th an was inco rpo rated 

into mi lk prote i n . 

Hal fpe nny , Rook and Smi th ( 19 6 9 )  have e x amine d 

the e ffe c t  o f  an incre as e d  p l ane o f  nu tri tion , an d 

int r aruminal infus ion o f  p ropionic  a c i d  on p l asma and amino 

acid  concent ration . The main e ffe c t  of the three  t re atme n ts 

was a decre a s e  in  the p l asma concent ration o f  thos e amino 

a c i ds whos e c arbon s ke le tons canno t be de rived  from the 

gen e r a l  me tabo l i c poo l , and whi ch are in h i ghe s t  conce nt ration 

in m i l k  p ro te in ,  name ly val ine , i s o -leu cine , l e u c ine and 

lys ine, whe re as the re was an incre as e in the concen trat i on 

o f  the non-e s s en t i a l  amino a c i ds (N EAA) . Th e de c re as e d  l eve l  

o f  the e s s ent i a l  amino aci ds ( EAA) was taken to indicate  

inc re as e d  uptake fo r mi lk  pro te in  s e cret i on . Hal fpenny e t  al 

s ugge s t that the improvemen t  in mi l k  prote in p ro duction  

re s ul t ing from the i r  tre atment  was due to  the p rov i s i on o f  

more N EAA ,  and in  pa rt i cu l a r  g l u t am i c  acid , and pos s ib l e  

pro l ine . They fur the r sugges t tha t  there w as s ome res t r i c tion 

in the  mammary g l and on the  synth es i s  o f  NEAA's . The 

pos s ib i l i ty o f  l ack o f  int e rconve r s i on among the N EAA t o  
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glut am i c  aci d ,  has b e en b o rne out by the res u l ts o f  Ve rb eke 

e t  al ( 1 9 68) in whi ch almos t neg l ig ib l e  amounts  o f  

o rni thine o r  argin i n e  we re conve rted to glu tamic  a c i d  

whi le a t  the s ame t ime th ese  two s ub s trates  �:ovided almo s t 

2 5 %  o f  the pro l ine in  cas e in .  

O th e r  Amino Ac i ds 

A recent report  from Yous e f ,  Hub e r  and Eme ry ( 19 6 9) 

indic ate d  tha t  p ro te in pro duct ion o f  cows coul d b e  inc reas e d  

b y  imp roving the s upply o f  s ub s t rate . When 5 0  g o f  a c i d  

hydrol y s e d  cas e in w a s  infus ed  intravenou s ly , dai ly , 

p ro te in s e cre t i on incre as e d  by 1 4 % . 

More re cently , B ro de r i ck , Kow a l czyk and Sat tir ( 1 9 7 0 )  

ob t aine d a 6 . 2 % inc re a s e  i n  mi lk p ro te in conten t ,  and a 1 1 . 4 % 

inc reas e in pro te in  p roduct i on when 8 0 0  g o f  s o di um 

cas e ina te p l us 2 4  g of  me th i on ine we re infus ed  dai ly into 

the abomas um . 

Effe c t  o f  Die t a ry P ro tein  on Mi lk Y i el d and Compos i t ion 

Whi le i t  has b een e s tab l i sh e d  that incre as e s  in 

die tary energy wi l l  resul t in  incre as e d  s ol i d  no t fat ( SNF )  

and p rotein conten t  in  milk  ( Rook and Line , 1 9 6 1 ) , marked 

changes in the pro tein content o f  the  r a t i on h ave l i t tl e  

effec t o n  mi lk  cons ti tuents  ( Rook and Line , 1 9 6 2 ) . 

Burt ( 1957) , Rook ( 196 1 ) , Hub er and Boman ( 19 6 6 )  and 

Ki r chges sner , Fri es ecke and Koch ( 1 9 67 )  have revi ewe d v ar i ous 
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as p e c ts of  the e ffect  o f  die t ary protein on mi lk yie l d  and 

co mposition . Rook and Line ( 19 6 2 )  ob t ained no e ffect  on 

l eve l o f  fa t ,  SNF , cas e in ,  � - l actalbumin , s e rum albumin 

o r  a - l acto g l ob u l in in milk , by fe e ding die ts p rovi ding 

7 0 - 1 6 5% of  the Woo dman s t andards . They did, howeve r r ais e 

the concent ration o f  non - p ro tein nitrogen in the milk , 

p a r t i cul arly w i th h i gh leve l s  o f  die t a ry p rote in .  

Go rdon and Forbes  ( 1 9 70 )  have con fi rmed  the s e  

e arl i er findings , p ro tein fed a t  8 0 %  o r  1 2 0 %  o f  requ i rements  

inc re as e d  the  non - p r o t e in nit rogen conte :tlt of  milk as  we l l  

a s  incre as ing the milk  ene rgy ou tpu t .  O f  intere s t was the 

ob s e rvation that  the re spons e to additional  ene rgy was  

r e duce d  on l ow pro te in diets . This data sugge s ts  tha t  on 

a l ow pro te i n  die t the re was ins u ff i c i ent ammonia  or amino 

a c i ds for maxi mum m i crob ial growth , wi th the ex tra ene rgy 

b e ing s to re d  as  mic robial polys accharide , as ob s e rve d by 

Wa lker  and Nade r ( 19 70 ) . Th e re s u l ts of  the s e  exp e rimen ts 

we re hardly s urp ris ing in view o f  the ob s e rvation of Ho gan 

and We s to n  ( 19 6 7 ) tha t  the s ame amount o f  non - ammon i a  

n i tro gen ente red  the duodenum when sheep were fe d d i e ts 

containing 7 . 8% and 1 9 . 8% crude p ro tein .  The i r  r e s u l ts 

indi cate the t remendous tempe ring e ffec t  the rumen h as on the 

compos i t i on o f  diet a ry pro te in . I t  w ou l d  b e  exp ected tha t ,  

exce pt in the c as e  o f  very l ow. l e ve l s  o f  die t a ry p ro te in , 

the only s i t u ation in  which d i e t a ry p ro te in might a f fe c t  mi lk 

y i e l d  and compos i t ion wou l d  b e  when a l arge amount o f  
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d i e tary p ro t e in containing the l imi t ing amino a c i d ( s )  fo r 

milk  p ro du c t i on e s caped de g rada tion in the rumen .  
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AIM OF  THE EXPERIMENT 

Cas e in i s  the maj o r  milk  pro tein produced by the 

c ow ,  i t  was the re fo re cons i de red that , i f  an amino acid  w as 

l imi t ing mi lk p ro t e in p ro duc t i on , fee ding cas e in  woul d  ensure 

that  the part i c u l a r  ami no a ci d  was suppl ied . Th e de gradati on 

o f  p ro t e in in the rumen ind i cated  a need to  by -pas s the rumen 

with  the add i t i onal  d i e t a ry prote in . Th e exp e r iment w as 

thus a imed a t  de t e rmining the e ffec t  o f  by -pas s ing the 

rumen w i th add i t i onal pro te in . Th e c ontro l w as addi tion  o f  

cas e in direc tly to the rumen . Evi dence from o the r work 

ind i c a ted tha t  cas e in adde d to the rumen w oul d res ul t in 

h i gh l e ve l s  of rumen ammon i a ,  which in turn w oul d res u l t  in 

an ine ffic i ent use  of n i t rogen by th e animal . 

I n  the expe riment, the main rumen ch arac te ri s t i cs 

me asured  we re  ammonia l eve l and vo l at i l e  f at ty a c i d  (VFA) 

propo rtions  and concentra t ions . Any di f fe rences  o ccur ring 

b e tw e e n  tre a tments coul d p os s ib ly b e  p artly  e xp l ai ne d  b y  

d i f fe rence s in the s e  rumen characte r i s t i c s . A ni t ro gen 

b a l an ce , wh i ch would ind i c ate the o ve ral l e ffici e ncy o f  

to t a l  N u s e , w as a l s o  conducte d .  

I f  d i f fe rence s in milk  y i e l d and comp os i ti on o ccurre d 

b e tween the t re a tment s , s upply o f  s ub s trate t o  the mammary 

g l and may b e  alte re d .  T o  examine this  aspec t, b l ood s amp l e s  

we r e  t aken , and leve l s  o f  s ome b lo o d  me t ab o l i te s  we re me asu re d . 
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Thus whi l e  the exp e r iment w as a c omp a r i s on o f  

the e f fe c t  o f  cas e in  admin i s ted pos t - ruminal ly o r  rumi n al ly 

on mi lk  y i e l d  and compos i t ion , i t  w as cons i de re d  that  by 

taking the suppl ementary me as urement s  ment ione d ab ove , 

an exp l ana tion fo r the res u l ts ob tai ne d  coul d b e  o ffe red . 
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SE CTION I I  

MATERIAL S  AND METHODS 
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I I  1 .  AN I MALS AND EXPERIMENTAL DES I GN 

The exp e r iment was c onduc te d us ing 3 pairs  o f  

monozygotic  twins and inc o rp ora ting 4 peri ods : -

Ac cl imati s a tion P re l imina ry Expe r iment al Pos t- exp e r imental 
P e r iod P e r i o d  Pe r i o d  P e r i o d  

18th Octob e r  5 th N ovemb e r  18th Novemb e r  
4 th Novemb e r  - 1 5 th Novemb e r  - 8th Decemb e r  

1 8  days 10 d ays  2 0  d ays 

8th De cemb e r  
- 1 8th De cemb e r  

1 0  d ay s  

Th e animals  us ed we re numb e red  7 & 8 ,  7 7  & 78 , 

and 1 0 5  & 1 0 6 , and they we re 4 ,  5 ,  and 3 y ears o l d  

respe c tive ly . A t  the b e g inning o f  the ac cl imat i s at i on p e r i o d  

the cows h a d  a l l  b e en c alved  from 6 5  to 9 5  days . To avo i d  

cows coming into s eas on during the e xp e r iment , a l l  cows 

we re mated b e fo re the t r i a l  commenc e d . Two cows (numb e rs 

7 7  and 1 0 6 )  d i d  n o t  ho l d  to the f i r s t s ervice , and they 

were mated during  the t ri a l  peri o d . Mating dates fo r cows 

we re : -

7 

8 

1 9 . 9 . 6 9 

2 6 . 9 . 6 9 

7 7  

78 

1 5 . 1 1 . 69 

1 4 . 9 . 69 

1 0 5  

1 0 6  

2 8 .  9 . 6 9  

5 . 1 2 . 6 9 

Th e c ows were rumen fi s tu l ated 4 mon ths  b e fore the t ri al 

s ta rted . 

Wi thin a twin - s e t ,  c ows were a ll ocated a t  r andom 

to one or  o ther o f  the two treatmen t s , cas e in added to the 

rumen ( t reatme nt R) or cas ein added pos t - ruminal ly ( t re atmen t  

PR) , as fol lows : -



C ow 

Tre a tmen t  R 

7 

77 

1 0 6  
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Tre a tment PR  

8 

78 

1 0 5  

Acc l imat i s at ion pe ri o d .  Du r i n g  th i s  per iod the an imals  

b e c ame accus tomed to  the i r  n ew environment and rou tine . Each 

day commen c e d  at 7 . 0 0  a . m .  w i th feeding , an d fini shed a t  

7 . 00  a . m .  the fo l l ow ing d ay imme d i a te ly prior  t o  fee ding . 

The cows were mi l k e d  at 5 . 3 0 a . m . and 5 . 00 p . m .  e ach 

day us ing a mi lking  sys tem de s i gned by Al fa - L aval . A res ume 

o f  al l s amp l ings  is pre s ented  in  Tab l e  I .  

P re l iminary pe ri o d . Dur in g  th i s  pe riod  fae ces  and urine 

we re c ol le c ted  from al l cows excep t 77 , whi ch h ad swo l l en 

l e g  j o i nt s . Th e c ows were we i ghed b e fo re the a . m .  feeding 

on the 1 s t and 1 6 th of  N ovemb e r .  Int ravenous c athe te rs we re 

ins e rted in the j ugul ar ve ins  of a l l  cows on the  6 th d ay o f  

the p e r i o d ,  with b l ood s amp l es be ing taken on the 8th and 

9 th days o f  the p e r i o d  at 0 ,  4 and 8 h after the a . m .  

feeding . Th e data  ob t ai ne d  from the s e  b lood s amp l es we re 

as s ume d t o  repre s en t  no rmal b lo od me t ab o l i te c on cent r at i on s  

unde r p r e - trea tmen t  condi t i on s . 

Expe rimen t a l  pe r i o d . Fol lowing e ach mi lking , and immedi a te ly 

p r i o r  t o  feeding , a l l  c ows rece ived 2 0 0  g Cas i l an ( G l axo 

Lab or a to r i es )  d i s s o lved in 1 . 5 1 warm w at e r, e i th e r  into  the 
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TABLE I 

SAMPL ING DAYS FO R EACH OF  THE PARAME TE RS MEASURE D  

P E R I O D 

SAMPLE Pre l iminary Exp e r ime nt a l  Pos t - Expe rime n t a l  

M i lk Days 1 - 1 0 ( Pre)  Days 1 - 5 ( Ex l )  Days  1 - 5 ( Pos t 1 )  
S amp l e s  6 - 1 0 (Ex 2 )  6 - 1 0  ( Pos t 2 )  

1 1 - 1 5  ( Ex 3 )  
1 6 - 2 0 (Ex 4 )  

N i t rogen Days 1 - 1 0 ( Pre)  Days 1 1 - 2 0 ( E x )  Days 4 - 1 0 ( Pos t )  
B a l an ce a l l  cows except  

7 7  

B l oo d  Days 8 & 9 ( Pre )  Days 1 0 & 1 1  ( Ex l )  Days  9 & 1 0  ( P os t) 
S amp l es 1 9 & 2 0  ( Ex 2 )  

Rumen 
To tal  

VFA Days 16 & 1 7  ( Ex )  
Concen -
t r a t i on 

Rumen 
VFA 

Prop o r t i on s  
and Days 1 6  ( Ex )  individual 
acid 

concent r a t i ons 
pH 

Rume n 
NH3 Day s  1 6 & 1 7  (Ex )  D ays  4 & 5  ( P os t)  

concen t ra t i on 

Mi lk f a t ty Days 9 & 1 0  ( Ex l )  
acid  y i e l ds Days 1 9 &  20 ( E x 2 )  
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rume n o r  p os t - rumina lly . On the 7 th ,  8 th and 1 8 th days o f  th e 

e xp e r imen t a l  p e r i o d  intravenous cathe te rs were p l aced in 

the  j ugul a r  ve ins o f  all  cows . B lo o d  s amp l es we re taken 

at 0 ,  4 and 8 h a ft e r the a . m . fe eding  on the lO th ,  1 1 th ,  

19 th and 2 0 th days . Rumen l iquo r s amp l es fo r VFA and am1on i a  

de te rmin at i on we re t aken o n  the  1 6 th and 1 7 th days . 

Col l e c ti on o f  fae ce s and urine  fo r a l l  cows b e g an on  the 1 1 th 

day o f  the pe r i od and con tinue d for 1 0  days . Aft e r  the a . m .  

mi lking and b e fore  feeding on the 2 0 th d ay al l cows  we re 

w e i ghed . 

P os t - expe riment al . A n i t ro gen b al ance  w as car r i e d  out  on 

a ll cows fo r the l as t  7 days o f  thi s  pe riod . Fo l lowing  

cathe te ri s a tion on the 8 th day , b l o o d  s amp les  were  taken 

on the 9 th and l O th days a t  0 ,  4 an d 8 h a fte r the a . m .  

fee ding . Rumen l iquo r s amp l es fo r VFA and ammoni a 

de te rmin a t i on we re ob tained on days 4 an d 5 a t  0 ,  2 ,  4 ,  6 ,  

and 8 h after  the a . m .  feedin g . 

ADMI N I S TRAT I ON O F  T REATMENT 

Adminis t r ati on o f  cas e in pos t - ruminal ly du ring 

the expe rimental  p eriod  w as as  fo l l ows : -

a s t omach tub e  was pas sed  thro ugh the re t i cul o ­

omas al  o ri f i ce fo r a di s tance o f  app r ox imate ly 4 0  cm . A c ce s s  

t o  the o r i fice  was via  the rumen fi s tul a .  Once the tub e 

w as in  pos i t ion the  cas e in s ol ution  w as infus ed , the no rma l 

time fo r i n fus ion b e ing abo u t  5 minutes . 
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Th e cows re ce iving cas e in to the rumen we re 

g i ven 1 . 5  1 o f  warm wate r pos t - rumina l ly , infus e d  as 

above . At the s ame t i me , the cows which re ce ive d  cas e in 

pos t - rumina l ly we re g iven an i n fus ion o f  1 . 5  1 o f  w a te r in to 

the rumen . 

App ro xima te ly 6 - 8  weeks pri o r  to commen cement  o f  

the tri a l  an a t temp t  was made a t  e s tab l i sh ing p a rt i a l  

e x te rio r i s a ti on o f  t h e  abomas um . I f  p a r t i a l  exte rio ri s a t i on 

o f  the abomas um co uld b e  es tab l i shed , i t  w as though t th at 

acce s s  to the abomas um fo r sub s equent in fus ion o f  p ro te in 

s l urries  coul d be  ob tained . 

The ope rat i on involve d  s utu ring a po rt i on o f  the 

ab omas um to the ab domin al mus c l e  l aye rs , s imi l a r  to the 

p a r t i a l  exte ri o ri s a t i ons o f  the rumen ( Re i d and Ti t chen , 

1 9 5 9 ; Re id , 1 9 6 3 ) . Howeve r ,  aft e r  prepara tion o f  the an imals  

w i th the e x te riori s a tions , at temp ts to  g ain entry to the 

abomas um w i th a 3 inch needle  w e re uns u c ce s s ful . Five 

months afte r the t r i a l  one o f  the cows , numbe r 7 ,  d i e d .  On 

p os t -mortem e x amin a t i on i t  was found that  the s u ture s  

b e tween the abomas um and the ab domina l w a l l  had b roken and 

no  adhes i on o f  abomas um to ab dominal wal l had o ccurre d .  The 

l ack o f  adhe s ion o f  the abomas um woul d e xp lain the f ai lure to  

g ain acce s s  to the  abomas um by n e e d l e  pun c ture , as the 

abo masum wou l d  mos t  p rob ab ly have move d from the s i te o f  

the pun c ture . 
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HOU S I N G  AN D FEED I N G  

Durin g the exp erime n t  the an imals  we re hous e d  

indoors in  individual s t al l s  except  fo r s ome pe r i o ds during  

the ac c l i ma tis ation  pe riod whe n  the cows we re al l owed o ut 

onto a s aw dus t l o a fing pad f rom 8 . 0 0 p . m .  to 5 . 0 0 a . m .  The 

aim o f  th i s  was to  allow the cows ' l e gs time to  b e come 

ac cus tome d to the hard rubb e r  sur fa ce in the s tal l s . De sp i te 

p re c auti ons  t aken , s ome swe l l in g  o ccu rred in the l eg j oints  

of  the cows , and th i s  nec ce s s i t ate d the spre ading  o f  

woo d shav in gs in a l l  the s ta l l s . 

During the acc l ima t i s a tion p e riod  the cows were fed 

ad- l ib ,  and the i r  intake fin a l l y  l e ve l l e d  out a t  app roxima te ly 

13 kg/ day .  From th i s  data  i t  was de c i d e d  to fe e d  6 . 5 kg  

of dri e d  g ras s a t  7 . 0 0  a . m . and 6 . 0 0  p . m .  dai ly . The 

fe e d  re fus als  were me as ure d  eve ry mo rnin g ,  but  they 

cons i s te d  a lmos t e n t i rely  o f  fine dus t - l i ke mat e ri a l  and as 

such coul d no t b e  cons ide r e d  as true re fus als . 

When the dried g r as s  was b e in g  we i gh e d  into  6 . 5  kg  

lots , s ub - s.amp l es we re taken and bulked  from the  7 0  - 1 1 0  kg  

b a les . D ry ma tte r content  was de t e rmined on a po r t i on o f  thi s  

bulked s amp l e  b y  d rying a t  1 0 5 ° C for 2 4  h .  Ano the r  p o r t i on 

o f  the g r as s  was g round to pas s through a 1 mm s i eve and 

sub s eque nt ly us e d  for n i t r o gen  dete rmi n a tion . 

I I  2 .  M ILK  Y IELD  AND COMPOS I T I ON 

Th e m i l k  y i e l d  o f  the  cows w as meas u re d  a t  e a ch 
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mi lking  on s ca l e s  (W & T Ave ry L td . , Eng l and) a l l owing 

me asurement  to the n eare s t  g .  Th e mi l k  was  mixed 

tho rough ly bu t c a re fully , to  avo id  chu rning . A s amp l e  w as 

taken fo r analys i s  o f  compos i t i on us in g a Mk I Grubb P ars ons 

I n fra Re d M i l k  Ana l ys e r , ca l ib r a te d  to s tanda rd chemi cal  

me tho ds (Mun fo rd ,  1 9 6 8 ) . Mi lk s amp l es wh i ch were no t 

be ing analys e d  w i th in thre e  to five hou rs we re s t ore d a t  

4° C .  Th e longes t p eriod  o f  s tor age o ccurre d  a f te r  mi lking  

on  Fri day afternoon , when milk  w as s to red unt i l  the fo l lowing  

Mon day m orning . N o  di ffi cul t i e s  were  encount e re d  in 

an alys ing  the s e  s amp l es , an d the re was no app arent  

de teri o ra tion o f  th e s amp l e . 

Sepa ra t ion o f  mi l k  fa t .  A 2 5  ml al i quo t of mi lk  w as taken 

and shaken tho roughly w i th 20 ml of ab s ol u te e t h ano l to 

pre c i p i tate the p r o te in . Th e fat w as then ext rac te d  by 

shaking w i th 2 x 2 0  ml addi t i ons of  p e roxi de - free d i e thy l 

e the r .  When the phas es had s eparate d  the uppe r e the r i al 

l ayers  were de c an t e d  and bulked . The e the r was evap o rate d 

unde r vacuum , and the re s i due ( comp r i s ing fat , e thano l and 

wa te r) t rans fe rre d to a s ep a rating funne l with washes o f  

pe tro l e um e ther (bp  4 0 - 60 ° C ) . Thi s  was  mixed gent ly to 

avo i d  emul s ion fo rmation and the e the r l ayer was s ep ar a t e d  

and evapo rate d  t o  n ear dryn es s .  Th e fa t w as washed i n to 

polye thy lene tub e s  w i th a sma l l  quan t i ty of  pe t ro l eum e th e r , and 

s to re d  a t  4° C un t i l  ana lys i s . 
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Mi lk fat  fa t ty a cid compo s i t i on . To tal  mi l k  f a ts we re 

an alys ed  as me thyl e s te rs o f  the fa t ty acids  p repared by the 

b o r on - tri fluo ri de t rans e s teri fi c a t i on me tho d  o f  Me t c a l fe , 

S chmi t z  and Pe lka ( 1 9 6 6 ) , as modi fi ed by van Wi j n g aarden 

( 1 9 6 7 ) . Th e me thyl e s ters  in n - he p tane we re dri ed o ve r  

anhydrous s o dium sulpha te b e fo re an alys i s  on a Va ri an 

Aerograph s e ri es 1 2 0 0  gas - l iquid chroma to graph . 

Sepa ration o f  the fa t ty acid  me thyl es te rs was 

carri e d  out  on  an 8 '  x 1 / 8 "  s tain l e s s  s te e l  column packed 

w i th 1 2 . 5 % die thy lene - glycol  succinate ( Max . tempe r a ture 

2 4 0 ° C Ana l ab )  on Chromos o rb W ( DCMS )  6 0 / 80 (Va ri an) , 

us ing n i t rogen as the ca rrie r gas and an hydr ogen fl ame 

i on i s a t i on de te c tor . 

Ope ra t i on al condi t ions . In j ec t i on 2 1 0 ° C 

Oven ini t i al  6 0 ° C 

De te cto r 2 10° C 

N i trogen  2 5  ml/min 

Hyd ro gen 2 5  ml/min 

Linear  p ro gr amme 4 °/min 

Maximum 1 7 5 ° C 

Me a s uremen t .  P e ak a re as we re measured by a mo de l 2 0 7  di s c  

int e g rato r ( Di s c  I n s truments  I nc . , U . S . A . ) . Compos i t i on w as 

de t e rmined on  a mo l a r  b as is w i th no adj us tment for the 

di f fe rent a c i ds , or for  the smal l di ffe rences  in  mo l e cu l a r  

we i gh t s  b e tween the me thyl e s ters  and the free ac i ds . Th e 
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above pro ce du re was cons ide red s a t i s fac tory fo r the  purp o s e  

o f  the e xpe riment . 

Column prepara t i on . The s o l i d suppo r t  was co a te d  by the 

funne l co ating me tho d o f  McN ai r and Bone l l i  ( 1 9 6 7 ) . The 

col umns we re packed us ing a vi b ro - too l ( Burg e rs P roducts  

Co . L t d . , Eng l and)  to  ai d cons o l idation ; and unde r a g as 

p re s sure o f  app roximate ly 5 lbs / in 2 . Fib re gl as s  y arn 

was us e d  fo r p lugging  the co lumns a t  e i the r end . 

I I  : 3 .  N I TROGEN BALANCE 

M i l k . A bulked p . m .  - a . m .  s amp le  was u s e d  for the ni tro g en 

de termi n a t i on .  

Faeces  and urine . Faeces  and urine we re co l l e c te d  fo r 1 0  

days in the pre l iminary and expe rimen tal  peri ods , and fo r 

7 days i n  the pos t - expe rimental  pe riod . Excre ta  was 

co l l e c te d  us ing a mo d i f i c a t i on o f  the faece s and urine s hute  

of  Hugh e s  ( 19 6 3 )  as  de s i gned  by ·Hughes  ( p e rs . cornrn . ) . Urine 

was co l l e c ted into  bucke ts  containing  2 0 0  ml o f  S O %  ( v/v )  

hydroch l o ric  a c i d , g iving condi ti ons s uf f i c i e n t  t o  l owe r the 

pH of the urine to approxim ate ly 3 . 0 . E a ch mo rning  the urine  

was we i ghe d , the  s p e ci f i c  g ravi ty me as ured , and a 3 0 0  ml  

al iquo t t aken fo r n i t rogen de t e rmina t i on . Th e s amp l e  w as 

s to red a t  - 5 . 0
°

C unt i l  analys i s , when a bulke d  compos i t e  was 

taken . The fae c e s  we re we ighe d ,  tho roughly mixe d ,  and two 

s amp l e s  t aken , one for dry mat te r dete rmina tion , and the 

o the r fo r late r ana lys i s  was frozen and s to re d  at - 5 . 0 °C .  
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N i t r ogen was de termin e d  on a bulked compos i te s amp l e  o f  

wet  faeces  fo r each p er iod . 

N i trogen de te rmina ti on . Ni tro gen was de t e rmine d indup l i c a te 

a c co rding t o  the A . O . A . C .  ( 1 9 6 0 )  metho d .  Five ml urine , 

1 0  m l  mi lk , 5 - 6 g we t fae ces and approxima tely 1 g o f  

fee d was u s e d  to dete rmine the ni trogen in each sub s tance . 

I I  : 4 .  B LOOD METABOL I TE S  

Sampl ing.  ( a) B l o o d  was  s amp l e d  from an  indwe l l ing 

j ugul a r  cathe ter  imme d i a te ly p r i o r  to  the morning fe e ding , 

and at  4 and 8 hours a fte r feedin g .  

( b )  Cathe te r i s a tion . Th e j u gu l ar vein was 

puncture d w i th a 14  g auge needle , and a 7 - 9 "  p i e ce o f  

p o lythene tub ing introduce d into the ve in toward the h ea d  o f  

the an ima l .  The nee d l e  was wi thdrawn l e aving the polythene 

tub ing in  the ve in . A sma l l  p i e ce o f  rub b e r  tub ing p l aced 

on the end of the c a the t e r  enab l ed c l amp ing  of  the c a the t e r  

w i thout damage to the polythene p o r t ion . Th e c a the te r was  

f l ushed wi th heparini s e d  s a l ine ( 10 0  uni ts /m! s a line ) and 

p l ugged wi th a nylon p lug . The c athe t e r  was then  a t tached  

to  the skin  of  the an imal by a s ing l e  s u tu re . 

B lood  prepa ration . Fi fty ml o f  b lo od was wi thdr awn from e ach 

cow at s amp l ing , into  a syringe cont aining 5 0 0  uni ts o f  

heparin . The b lood  was immedi a te ly p l aced in a po lypropyl ene 

centri fuge  tube in an i ce - b a th .  The t ime whi ch e l ap s e d  

b e tween s amp l ing and cent rifugation w as v ariab le , but  r are ly 
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exce e de d  4 5  minu te s . P lasma w as ob tained by cent ri fugin g  

the b l o o d  for 2 0  m inute s at  3 1 5 0 x g .  Al iquo ts con taining  

app roximate ly 7 ml  p l asma we re  put  in to polypropy l ene  

centri fuge tubes  and  s to re d  a t  - 5 . 0 ° C .  S toring the  p l asma 

in  smal l a l i quo t s  avo ide d the repe a te d  fre e z in g  and thawing  

whi ch woul d have o ccurred if  the  pl asma s amp l e s  h a d  been 

s to re d  as  a s in gl e  s amp le , w it h  sma l l  amoun ts b e ing  w i thdrawn 

for the vari ous analyses . A s amp l e  o f  p l asma w as a l s o  

dep rote ini s e d  wi th s ulphos a l i cycl i c  ac i d  a t  thi s  t ime . Two 

dep rote ini s a tion t e chniques we re t ri ed : 

( i )  1 ml p l asma 

( i i )  1 ml pl asma 

30  mg s o l i d  s ulpho s al i cycl i c  

acid 

0 . 5  ml  o f  ice - co l d  2 0 %  (w/ v) 

s o l u t i on o f  sulphos a li cycl i c  

acid . 

The s e cond me thod w as p re fe rred fo r the ma j o ri ty o f  

the s amp l es a s  i t  resul t e d  in  a more d i s tin c t  p re cipi t a te . 

Th e dep ro te in i s e d  p l asma was s to re d  in  po lyp ropyl ene t ub e s  

a t  - 5 . 0 ° C unt i l  an a lys e d .  

Blood  ure a n i trogen . Pl asma ure a  n i t rogen was de t e rmin e d  

us ing  a Te chn i c on Au to analyse r .  ( Te chn i con me tho d f i l e  

N - I C ) . 

P l asma glucos e . P l asma g luco s e  was de t e rmined b y  the g l ucos e  

oxidas e - o - di an i s i dine  dihydrochloride  me thod o f  S ai fe r  and 

Rob in ( 1 9 6 5 ) . Di fficul ty was encoun t e re d  in d i s s o l ving  

the o - d i an i s i dine dihydroch l o r i de i n  the buffe r ,  howeve r th i s  
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was  e as i l y  ove r come b y  d i s s o lving  th e o - di an i s i dine 

dihydro ch l o r i de in a smal l quan ti ty ( 5 - 1 0 ml )  o f  wat e r  

b e fore adding i t  to  the bu ffe r .  

Two di ffe re nt  gluco s e  exidas e  p reparat i ons we re 

us e d  durin g the an alys i s : 

( i )  Fe rmco zyme 6 5 3  AM 

( i i ) Koch - l i ght  

F i ve mg o f  p e roxidas e ( S i gma) was added to  10  ml  o f  the 

g l u cos e e x i das e s o l u t i on .  

P l asma amino n i t rogen . P l asma amino n i t rogen was de te rmin e d  

on  a Te chn i con Au to ana ly s e r  us ing  the me tho d o f  P alme r 

and P e t e rs ( 19 6 9 ) . Depro te in i s ed p l asma w as us e d  an d 

the re fo r e  the di a ly s e r  was rep l a ced w i th a s in g l e  mixing 

co i l  in a 3 7° C wate r b a th .  The s t andard amino 

a c i d  s o l u ti o n  was acco rding to Goodwi n  ( 1 9 6 8 )  , an d cont ained 

L - g lutami c acid  and L - glycine . 

I I  : 5 .  RUMEN PARAMETERS 

Rumen l iquo r s ampl ing . Rumen d i ge s t a  s amp l es from the centre  

of  the re t i cul e - rumen have been  shown t o  be  repre s ent a tive 

o f  the who l e  rumen contents ( Bry ant , 1 9 6 4 ; Davey , 1 9 6 5 ) , 

the re fo re d i ge s ta was s amp l e d  f rom thi s  region imme d i a te ly 

p rior  to feeding and then a t  2 hour l y  in te rvals  unt i l  8 h 

after  feeding . 

De termina t ion  o f  VFA conce n t ra t i on.  Th e vol a t i l e  fatty a ci d  

concent r a t i on i n  rumen l i quor was de t e rmi ned b y  s te am 
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d i s ti l l a t i on in a Markh arn s t i l l  ( B ry ant , 1 9 6 4 ) . Fol l owing 

t i t ration the  di s t i l l ates we re evap o r a te d  to  drynes s  and 

s to re d  a t  - 5 . 0 ° C for l a te r  ana lys is  o f  individu a l  VFA ' s  

b y  g as l iqui d  chroma t o g raphy . 

De t e rmina tion  o f  individual VFA propo r t i ons . E a ch vi a l  

containing VFA s a l ts  h ad 0 . 2 ml o f  de i on i s e d  w a te r  adde d . 

A 1 . 5  � 1  s amp le  was inj e c ted  i n t o  the chromato graph . 

Separat ion o f  the VFA ' s  was carried  out on a Varian 

Ae r ograph , s e ri es 1 2 0 0 , gas - l i qui d  chromato graph , us ing  an 

8 '  x 1 / 8" s tain l e s s s teel  co l umn p acked w i th 1 5 %  F FAP + 4 %  

phospho ric  a c i d  o n  Chrornos o rb W ( DCMS )  6 0 / 80  (Varian) . The 

c ar rie r g as w as n i t ro gen , s a turated  w i th fo rmi c acid  

vap our a ft e r  pas s ing through a fo rmi c acid  bub b l e r  (Ackman 

and B u rgh e r , 1 9 6 3 ) . De te c tion w as by hydrogen fl ame 

i o n i s a tion . 

Working condi tions . Inj ec tion p o r t  

Oven temp e r a ture 

Dete c tor 

Gas flow 

n i t r o gen 

hydro gen 

a i r  

2 5  ml / min 

2 5  ml / min 

360 ml / min 

Some d i f fi cu l ty was e ncountere d  at fi rs t with " gho s t ing " 

when us ing a col umn p a cked wi th 2 0 %  F FAP . Th i s  w as l a rge l y  

ove rcome b y  inc luding 4 %  phospho ri c . acid  (Kabbo t  and E t tre , 

196 3 ;  Me tcal fe , 19 6 3 )  with  the FFA� u s ing g l as s ins e rt s  in 
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the inj e c ti o n  port , and ins e r t ing a fo rmi c aci d bubb l er 

in  the c arri e r  g as l ine . S ince  th i s  work w as carr i e d  out 

the s o urce of the " ghos t ing"  has been t race d  to s amp l e  

de c ompos i t i on in the i n j ec t i on p o r t  and ab s o rp t ion  onto 

the g l as s  woo l  p l ugs  ( Ge dde s  an d Gi lmour , 1 9 70 ; D re s s man , 

1 9 7 0 ) . On c o l umn inj e c tion , re gular  chan g i ng o f  the gl as s  

ins e rts  o r  us e o f  t e flon  tape as a p l u g  fo r the columns 

r e s u l ts 1 n  the ab s en ce o f  "ghos ting " . Whe n  the c a rri e r  g as 

i s  s a turated  w i th fo rmi c aci d ,  s al ts o f  the VFA ' s  can b e  

inj e c te d  i n t o  the chromato graph ; rathe r than ac i d i f i c a t i on 

o f  th e s al ts p r i o r  to inj e c ti on wh ich might  resul t in s ome 

vo l a t i l e  l o s s e s  of  the VFA ' s . 

C o a t ing the s upport . Th e funne l coa ting me tho d o f  Bone l l i  

and McN a i r  ( 1 9 6 7 ) was u s e d  to co a t  the suppo rt . The 

ph os pho r i c  a c i d  was d i s s o lve d  in  1 0 0  ml o f  al cohol  and 

app l ie d  to 1 0  g o f  s upp o rt , wh i ch was the n  dr i ed fo r 3 hours 

at 1 0 5 ° C b e fore coa ting  w i th FFAP . 

Separation  o f  VFA ' s .  Th e s ep ara t i on o f  i s obuty r i c  from 

p rop i on i c  a c i d  was no t s u ffi c i en t ly c l e ar for indivi dual 

me a s u re ment  o f  the p eaks . Thus the prop i on i c  aci d p e ak , as 

me as ure d ,  cont aine d i s ob uty r i c a c i d . 

A ft e r  the t r i a l  s amp l e s  h ad b e e n  analys e d ,  the 

l iqui d  s upp o r t  of  Dehori ty ,  Sco t t  and Kow aluk ( 1 9 6 7 )  w as t ri e d . 

Th i s  cons i s t e d  o f  3 %  phospho r i c  acid  + 5 %  s te ar i c  a c i d , and 

g ave exce l len t s ep ara ti on o f  a ll acids . Unfo rtun a te ly , due t o  

th e s ho r tage o f  time , t he t ri a l  s amp l e s  were  no t re analys e d  
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on th i s  co lumn . 

Quan t i t ation o f  th e VFA pe aks . Th e are a unde r e a ch p eak was 

me asu r e d  by a Mo de l 2 0 7 di s c  inte g ra to r  ( D i s c  I ns truments  I n c . , 

U . S . A . ) . C o rre c t i on facto rs fo r e a ch peak , re l a ti ve t o  

buty r i c  ac i d ,  w e r e  cal cul ated from the fo l lowing  fo rmul a :  

Corre c ti on fac to r .  VFA X = 
area  o f  b u tyric  acid p e ak x 

mol ar % X 
are a o f  VFA X p e ak x mola r % butyri c 

Th e corre c t i on fac to rs were cal cu l a t e d  from the tracing  o f  

a s t andard s o l u t i on o f  the VFA ' s  o f  known mo l a r  p rop o r t i ons . 

I I  6 .  S TAT I S T I CAL METHODS 

Analys is o f  cova ri ance mode ls were emp loyed as the 

b as i s for s tati s t i cal analys i s  o f  the data  whe reve r  p o s s i b l e . 

When such mo de l s  we re no t app l i cab l e , b e c aus e the re w as 

no cons i s tent re l a tionsh ip o f  tre atment  o r  pos t - t re a tmen t  

ob s e rvations t o  co rre s p ond ing ob s e rvations in the 

p re l iminary pe r i o d , an alys i s  o f  va r i ance mo de l s  fo rme d the 

b as i s  of s t ati s ti ca l  tre a tments o f  the data . Mo de l s  

A ,  B ,  D ,  E ,  F ,  G we re acco rding to Sne de co re and C o ch ran 

1 9 6 7 ,  and mode l C ,  R . E .  Mun fo rd (pe rs onal communi c a t i on ) . 

B l o o d  me t ab o l i te s . S ta t i s tical  analyses  were carri ed o ut on 

me an value s fo r s amp l es taken on tw o cons e cutive day s  i n  

four "per i o ds " , a s  de fined in  Tab l e  I ,  Sec tion I I .  

The d a ta fo r e ach p e r i o d  were analy s e d  acco rding to 

one o f  the fo l l ow ing mode l s : 

X 1. J. k  = M + T . + S .  + ( TS )  . .  + E . . k 1 J 1 ]  1 ]  Mode l A 
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Mo de l A ,  an ana lys i s  o f  va r i ance mode l , w as the b as i s  o f  

analys e s  o f  a l l  four p e r i o ds . 

Y 1. J. k 
= M +  T . + S .  + (TS)  . .  + BX . . k + E . .  k 1 J 1 ]  1 J 1 J  Mode l B 

Mo de l B ,  an ana lys i s  o f  cova ri ance mo de l , was the b as i s  o f  

analys e s  o f  three periods (Ex  I ,  Ex 2 ,  P os t) wi th dat a from 

th e firs t p e ri od ( P re )  emp l oy e d  as the covari an t  ( the  t e rm 

BX . .  k ) .  1 J  

M 

T . 1 

s .  J 

( TS )  . .  1 J  

B 

I n  the mo de l s : 

repre s ents  the ove r a l l  me an , 

the e ffec t  of  the . th tre a tment ( i  I ' 1 = 

the e ffec t  o f  the . th t ime ( j  1 '  2 ' 3 )  J = 

s amp l ing aft e r  feeding , 

the e f fe c t  o f  the inte rac tion o f  the i th 

d h . th . f 1 " tre a tment an t e J t1me o s amp 1ng , 

2 )  ' 

o f  

the random exp e r imental e rror ( k  = 1 ,  2 ,  3 cows 

w i th in tre a tments  and s amp l in g  time s ) ,  

the re g re s s ion coe ffi c i ent o f  l eve l  o f  met ab o l i t e  

i n  the pe riod  b e in g  examine d  o n  the l eve l  o f  

the me tab o l i te i n  the prel iminary p e r i o d  ( P re) . 

I n  b o th mo de l s  " T re a tment s "  and "Time o f  

Samp l in g "  we re as sumed to b e  fixed e f fe c t s . 

Mi lk Yie l d  and Compos i tion . Stati s t i cal  analyse s  fo r 

yie l ds o f  mi lk  and mi lk  comp onen ts an d concen t r a ti ons  o f  

mi lk  comp onents we re  carri ed out on me an value s fo r ten o r  

five cons e cu tive days . P e r i o ds we re as de fined in Tab l e  I ,  

Section  I I .  
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Th e data  fo r the s 1x s ubdiv i s i ons o f  the treatment  

and pos t - t re a tment  p e riods we re ana lys ed  according to  th e 

fo l l owing mo de l : 

Y i j k 
= M + Ti + P j + (TP ) i j  + BX i . k + E i j k  . . . . .  Mode l C 

whe re M ,  T . , and E . . k are de fined as in mode l B ,  1 1 )  

P .  rep res ents  the e ffec t  o f  the j th "pe r i od" ( j = 1 to 6 ;  J 

( TP )  . .  1 )  

E x  1 to 4 ;  and P os t  1 and 2 ) ; 

the e ffe c t o f  the i n te rac t i on o f  the i th 

t re a tmen t and the j th "pe ri od" . 

B repre s en ts the common re g re s s i on c oe fficient  for the 

v alue s o f  a l l  J "pe ri ods " on the value fo r the 

p re - tre a tment p er i od , X .  k 1 • . 

Thi s  fo rm o f  analys i s  o f  covariance mo de l requi res  tha t the 

regre s s ion  co e ff i c i e n ts fo r indivi dual i x j sub cl as s es  o f  

t re a tmen ts and p e r i o d  should n o t  d i f fe r  from the common 

re g re s s i o n  ove r  a l l  1 x j sub c l as s e s . The pe riod  me ans 

a re not  adj us ted in the analys i s  b as e d  on thi s  mode l . 

Adj us tment  i s  res t ri c ted to the treatmen t me ans . I n  the  

c as e  o f  the t re atme n t  by p e r i o d  i n t e r a c t ion me ans , adj us tme nt 

is re s t r i c ted to the c omp a ri s on b e twe en tre a tmen ts . 

The as sump tion was made th a t  b oth " tre a tmen ts "  

and "pe r io ds "  were fixed e ffec t s . 

N i trogen B a l ance . Th e dat a were ana lys e d  according to the 

fo l l owing one -way analy s i s  o f  vari ance model  in e a ch o f  

the pre l iminary , tre a tmen t and pos t - tre a tment p e r iods : 
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X i j  = M + T i + E i k  Mode l D 

whe re M and Ti are de fined as in mode l A ,  

and E i k  repre s en ts the random expe r ime nta l  e rror ( k  = 1 ,  2 ,  3 

cows w i th in tre a tments ) .  

Rumen Me t abo l it e s . Th e data we re analys e d  acco rding to 

mode l E or mo de l F .  Th e cho i ce of mode l for  a given var i ab l e  

was de t e rmined b y  the avai l ab i l i ty o f  da t a  from e i the r tw o 

cons e c u tive days , o r  a s in g l e  day . 

Mo de l E spec i f i e s  a "sp l i t  p l o t" analys i s  o f  

var i ance  w i th twin p a i rs co rresponding to the main p l o ts . 

X i j kl = M + T i + B k + (TB) i k  + S j + ( TS ) ij  + E i j kl 

Mode l E 

whe re M ,  T . , S .  and ( TS )  . . are de fin e d  as in mode l A .  1 J 1 J  
Bk repre s en ts the  e ffec t  o f  the k th twin p a i r  ( k  = 1 ,  2 ,  3 )  

"Main  P l o t" 

( TB ) i k  repre s en t s  the e ffe c t  o f  the i n te r a c ti on o f  the 

i th tre a tment and the kth twin p ai r  - "Main P l o t  

E rr or" . 

E i j kl th e random e xpe riment al e rror  - "Sub - p l o t  E r ror"  

( 1 = 1 , 2 days ) . 

Mode l F spe c i fies  a random i sed  b lo ck an alys i s  o f  

vari ance , w i th tw in pai rs cor re sponding  to b locks . 

X . .  k 
= M + T . + Bk + (TS )  . .  + E . .  k 1 J  1 1 J  1 J  Mode l F 

whe re E . .  k repres ents the random expe r imental  e rro r and other  1 J  
parame te rs a re de f ined a s  i n  mode l E. In  b o th mode l s  

" Trea tments" and " Time o f  S amp l ing" we re assumed t o  b e  fixed 
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e f fec ts . Cows and Days were assumed to b e  random e ffe c ts . 

The Pe riods are as defined in Tab l e  I ,  Sect ion I I .  

Mi lk Fa t ty Ac i d  Y i e l ds . S tati s t i c a l  analy ses  were carri ed out on 

me an value s for  s amp l es taken on two cons ecutive days  in 

2 p e r i ods as de f in ed in T ab l e  I ,  S e c t i on I I . Data were  

analys e d  acco rding to  the fo l l owing mo de l : 

X 1° Jo k = M + T .  + P 0 + (TP ) 0 0 + E 0 0 k 1 J l J  l J  Mode l G 

whe re  P o  repres en ts the e f fec t  o f  the j th p eriod ( j  = 1 or 2 ) . J 
( TP ) . 0 the e ffec t o f  the inter ac ti on o f  the i th 

l J  
t re a tment and the j th p e r i o d .  

O the r p arame t e rs are de fined a s  i n  Mo de l A .  Tre a tments  

and P e riods we re as sumed to b e  fi xed  e ffe c ts . 
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SE CTI_ON I I I 

RESULTS 
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( a) MI L K  Y I EL D  

S t at i s t i c al an a lys is  was c arri ed out according  to 

mode l f ,  s e c ti on I I . Me an s quares fo r an alys i s  o f  vari ance  o f  

Y a fter  fi t t i n g  the re gres s i on on X fo r the yi e l ds o f  mi lk , 

fat  co rre c te d  mi lk  ( TCM) , fa t . , p ro te in an d l actose  are 

pre s ented in Appendix A- 1 wi th the t rea tmen t and p e r i o d  

me ans . Th e tre a tment - p e ri o d  me an s a r e  pre s ented i n  fi g s . 

1 ,  2 ,  3 ,  4 & 5 ,  respe c t ive ly . 

Tre a tment  R re s ul te d 1n  s i gn i fi cantly g re a te r  

y i e l ds o f  mi lk , ( P < O . O l ) , FCM ( P < O . O S ) , p rotein ( P < O . O l )  

an d l a c tos e ( P < O . O l )  th an tre a tmen t  P R . Howe ve r ,  th e y i e l d  

o f  mi lk  fat di d not  di ffe r  s i gni fi c an t ly ( P < O . l O )  b e tween 

tre a tments . Th i s  ob s e rva tion is  s omewhat s urp ri s ing  when 

it is cons ide re d  tha t mi l k  y i e l ds and fat content ( P < O . l O )  

we re s i gni fi c an t ly di ffe rent b e tween treatments . I t  wou l d  

appe ar th at the l a ck o f  a s i gn i fi c an t  di ffe rence i n  fat 

yi e l d  is  l a r ge ly a refl e c t i on of the re l a tive ly l arge 

un accountab le  varia tion in fat y i e l d .  Co vari an ce analys i s  

re s u l te d in a cons ide rab le reduc tion  i n  the e r ro r v ari an ce 

for y i e l ds o f  mi lk , FCM , p ro tein  and l actose  ( 8 3% , 4 5 % , 7 3 %  

and 8 1 %  re spe c t i ve ly) , but  fo r fat  y i e l d  the re duct i on i n  e r ro r  

var i an ce was on l y  1 6 % . 

A s i gn i f i cant  di ffe rence i n  the yie l ds o f  al l 

comp onents occ u r red  b e tween p e ri ods . The perio d  e ffe c t  

app e a re d  to b e  l a rge ly due to a diminished  yi e l d  i n  the 2nd 

5 - day p e riod  of  the  pos t - e xpe rimen t a l  p e ri od fo r the 
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y i e l d  o f  mi l k , FCM , p rote in an d l ac to s e . Fo r the ab ove 

ment i one d y i e l ds , no s i gn i f i c an t  di ffe rence s o ccurre d b e twe en 

any o the r pe riods  ( P < O . O S ) . 

Th e mi lk  fat  y i e l ds in a l l  pe riods , e x cep t pos t ­

expe ri mental  2 ,  did  not di ffe r  from one ano the r ( P < O . O S ) ; 

the y i e l ds in e xperimen t a l  pe ri ods 2 an d 3 only were 

s i gni fi c antly  ( P < O . O S )  gre ate r than the y i e l ds in pos t ­

expe ri ment al 2 .  Th e y i e l d s  in the o th er peri ods did  not 

di ffe r s i gni fi c antly fro m the yi e l ds in pos t - expe riment a l  

2 ( P < O . O S ) . 

( b )  M I L K  COMPO S I TION 

An aly s i s  o f  mi lk  co mpos i tion d a ta we re acco rding 

to  mode l f ,  s e c tion I I .  Me an square s fo r analys i s  o f  

vari ance , treatment me ans and pe riod  me ans are p re s ented  in 

Appendi x Tab l e  A - 2 .  

The t re atmen t - p e riod  me ans a re pres ent e d  

d i a g r ammat i c al ly i n  f i gs . 6 ,  7 & 8 .  

Th e only s i gn i fi c ant d i f fe rence b e tween t re atments  w as 

w i th fat pe rce n t  ( P < O . l O )  in wh i ch tre a tment R had a h i gh e r  

fa t p e r cent a ge than t re atment P R .  None o f  the o ther  di ffe ren ce s 

b e twee n  tre a tments  we re s i gn i f i c ant ( P > 0 . 2 0 ) . 

S i gni f i c an t  di ffe rences b e tween p e r i ods we re 

ob s e rved w i th p ro te in p e r cent  an d p ro te in p ercent  on a fat 

fre e s e rum b as is ( P < O . O S ,  and P < O . O l  re s p e c tive ly) . In b o th 

c as e s  th e maximum p ro te in p e rcen t o ccurre d in th e 4 th 
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F I GURE 1 ·  Ad j us ted  mi lk y i e lds  vs p e ri o ds . 
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F I GURE 5 :  Adj us ted l ac tos e y ie l ds vs p e riods  
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expe riment al pe riod . 

( c) N I TRO GEN BALAN CE 

Th e analys i s  o f  vari ance (mode l D ,  S e c t i on I I ) 

an d tre atment  me ans for  the ni trogen b a l an ce , fae cal N ,  

and ur inary n i tro gen ex cre tion are p res ent in Tab l e  2 .  

C rude dat a fo r the n i tro gen b a l an ce are p re s ente d  in  

App endix T ab le A - 1 3 . Th e re sul ts f rom the one -way analys i s  

o f  vari ance s how that s i gn i fi c ant di ffe rences i n  n i t ro g e n  

retention b e twe en  tre atments o ccurre d only during the 

exp e r imen tal p e riod  ( P < O . l O ) . Th e ni trogen re tent i on o f  

the cows on t re atment P R  was g re a te r  th an that o f  the cows 

on t re a tment R .  S i mi l arly , the only  p e r i o d  in wh i ch 

s i gn i fi cant di f fe rences  in fae c al N e xcre tion o ccurred 

( P< O . O S )  be tween  tre a tments w as the . expe rimen t a l  p e ri od . 

During the e xp e rimental  period  the fae cal ni tro gen 

excre t i on o f  the cows receiving  t re a tmen t  R was g re a te r  th an 

for thos e on tre atment  P R  ( P < O . O S ) . Th e di ffe rences  in  

urinary n i tro ge n  e xcr e t i on fo r e ach p e r i o d  we re no t 

s ign i fi can t ; P < O . S O ,  P < 0 . 2 5 ,  P < 0 . 2 0 ,  fo r p e riods I ,  I I  and 

I I I  res p e c tive l y . 

An an alys i s  o f  vari ance  inco rpo ratin g b oth t re atment 

and pe riods  as main e ffe c ts reve a l e d  tha t  di ffe rence s  i n  

n i t rogen re tenti on b e tween p e r i o ds re a che d the 5 %  l e ve l o f  

s i gn i fi can ce . Th e retention fo r p eriod  I I  was g re at e r  ( P < O . O S )  

than ni t rogen re tent i on in p e r i o d  I l l , b u t  was not  
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s i gn i f i c an t l y  di ffe rent from ni t ro gen re tention in p e ri od 

I ( P >O . O S ) . Th e re tent i on in pe riod I was not  s i gn i f i c an tly 

di ffe rent ( P >O . O S ) from the  re tention in p e riod  I l l . 

Th e di ffe rence in fae c al n i t ro gen excre t i on 

b e tween p e r i o ds , was s i gn i f i cant ( P <O . l O ) , w i th the 

e x c re t ion during period  I I  be in g s i gn i fi cantly  g re a te r  

( P <O . O S ) than excre t i on during pe riod I ,  b u t  no t s igni fican tly 

d i f fe rent ( P >O . O S) from ex cre tion during p e riod I l l . 

The re was a s i gni fi cant ( P < O . O l )  tre a tment x 

p e r i o d  inte raction in the analys i s  o f  fae c a l  ni t ro gen 

e x cre t i on .  Examina tion o f  the tre atme nt x p e ri od me ans 

s howe d  tha t  the leve l  o f  excre tion in the tre a tmen t PR cows 

was g re ater  ( P< O . O S )  in p e ri o d  I than in p e ri o ds I I  or I l l , 

however thi s  l e ve l  was no t s i gni fi c antly di ffe rent ( P> O . O S )  

f ro m  the l eve l o f  excre t i on o f  tre a tme nt R cows during 

p e ri o ds I I  and I l l . 

( d) RUMEN CHARACTE RI STI CS 

( i ) Vol a tile  Fa tty Ac ids 

Mean s quare s for  the an a lys is  o f  vari ance ( mo de l 

F ,  s e c ti on I I )  o f  individual VFA concentrations and 

p ropo r tions a re pres ented in Appendix Tab l es A - 3 and A - 4  

respe ctive ly a long with  tre atment me ans . Tre a tment -pe ri ods 

me ans are s hown graphi c al ly in  figures 9 & 1 0 . The 

c oncentration o f  ace t a te in the rumen did  not  di ffe r 

b e tween trea tments ( P > 0 . 2 5 ) . Howeve r ,  the mol ar p e rcen t age 
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TABLE 2 

ANALYS I S  O F  VARIANCE - N I TROGEN BALANCE 

PERIOD  DF  N re t ent ion F ae ces N Ur ine N 

P re l imin ary : b e tween 
t re a tments 1 2 6 5 . 0 0  6 5 7 . 30 6 1 0 3 . 34 

w i thin 
t re atments  3 4 5 4 . 5 6 14 8 . 5 0 2  3 9 0 3 . 3 3 

Experimental : b e tween 
treatme n t s  1 7 32 . 6 2 5 1 7 . 0 8 *  5 0 9 . 6 8 2  

w i thin 
t re atments  4 1 2 2 . 5 0 5 9 . 1 4 8  3 8 3 . 74 8  

Pos t - b e tween 
expe riment al : t re a tments  1 1 0 5 . 00 2 1 . 6 6 1 2 6 . 9 6 0  

w i thin 
t re a tments 4 7 2 3 .  2 80  4 4 . 99 0  6 0 . 8 8  

* P < 0 . 0 5  
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TABLE  2 ( Con tinue d) 

Tre a tment me ans in gN / d ay 

PERIOD N 

Pre 1 iminary Rumen 

Pos t - rumen 

S . E .  o f  me an 

Expe rime n t al Rumen 

Pos t - rumen 

S . E .  o f  me an 

Pos t -
exp e rimental : Rumen 

Pos t - rumen 

S . E .  o f  me an 

* P <0 . 0 5 

re tention Fae c e s  N Urine N 

. 

82 . 3 9 6 . 7  2 1 1 . 9  

6 8 . 9  1 1 7 . 7 2 0 3 . 6  
-

1 2 . 3  7 . 0  36 . 1  

7 8 . 5  1 30 . 2 * 2 5 8 . 2  

1 0 0 . 6  1 1 1 . 5  2 3 9 . 7  

6 . 39 4 . 4 4 1 1 . 3  

5 4 . 6  1 1 4 . 4  1 9 1 . 4  

4 6 . 2  1 1 0 . 6  1 8 2 . 2  

1 5 . 5 3 3 . 9  4 . 5  
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of  ace tate as s o ciated  w ith tre a tment PR was s i gn i f i c an t ly 

greater  ( P < O . O S )  th an the l eve l in tre atment R .  P rop i onic  

acid  concen tra t i on di ffered b e tween tre atments , ( P < O . O S )  with  

tre a tment R g re a te r  than tre atment P R ; but  the mol a r  

p e r centage o f  p rop ionate did no t di f fe r  s i gnifi cantly  

b e twe en tre a tments ( O . l O < P > O . O S ) . 

The t re atment x time inte raction in the ana ly s i s  o f  

p ropiona te concentration was s igni fi c ant ( P< O . O S ) , w i th 

the concentrat i on a t  2 ,  4 ,  and 6 h pos t - fe eding b e i n g  

g re a te r w i th trea tment R cows than with tre atment P R  cows . 

Ne i ther  buty r i c  acid concentration nor mol ar  p ercent a ge 

d i f fe red  s i gn i ficantly  b e twe en tre a tmen ts ( P > O . S O ) . Both 

the concen t r a t i on and mo l ar p e r ce n t age o f  i s oval e ri c  and 

valeric  acid  di ffered b e tween tre atments  ( P < O . O O l ) , wi th 

the l eve l o f  e a ch acid  b e ing gre a te r in th e cows r e ce iving 

t re a tment R .  

Wi th the except ion o f  the mo l a r  proportion o f  

p rop i on i c  ac i d ,  the l eve l o f  a l l  o the r rumen parameters  d i f fe re d  

s i gn i fi can tly ( P < O . O S) depending o n  the time o f  s amp l ing 

re l ative to  fe e ding . 

( i i ) To tal VFA c oncent r ation ( Tab l e  A - 5 ,  F i g . 1 1 ) 

Data we re ana ly s e d  acco rding to mode l E ,  S e c tion I I . 

Th e di fference b e tween t re atment me ans was not s t at i s t i c a l l y  

s i gn i f i c an t  ( P >O . l O ) . The v ar i a t i on as s o c i ated w i t h  t ime o f  
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F I GURE 1 0 : I soval e r i c  acid concent r a t i on vs time aft e r  fe e ding 

(b) 
Va leri c a c i d  concent ration vs time a fter  fee ding 

Symbo l s  as for Figure 9 .  
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s amp l in g  after fee d ing was s ta t i s t i c a l ly s i gni fi c ant ( P < O . O O l ) , 

w i th the VFA con ce nt rat i on g re a te s t  a t  2 h and 8 h pos t - feedin g . 

( i i i )  Rumen Ammoni a  Concen t r at i on 

Data we re  ana ly s e d  acco rdin g to mode l E ,  S e c ti on I I .  

Th e me an s quares fo r the analys is  o f  vari ance and means fo r 

tre atmen t ,  time , and treatment x time inte ract i on are 

pre s ented  in Appendix Tab l e  A - 5 .  Th e trea tmen t x time means 

are pre s ented  in F i g . 1 2 . Th e di ffe rence b e twe en tre a tmen ts  

was s tat i s t i ca l ly s i gn i fi c an t  ( P < O . O O l ) ; the l e ve l  in  

tre a tment R be ing gre ater than in tre a tment P R .  

The m ax imum val ue fo r rumen ammoni a  concentrati on 

o ccurre d  2 h pos t - feeding wi th b o th t re a tments , howeve r the 

concentr ation o f  ammonia  w i thin  trea tme nt R was s i gn i fi can t ly 

gre a te r  than within  tre a tment PR  a t  b o th 2 h and 4 h p o s t ­

feeding . (P< O . O S ) . 

Analys i s  o f  vari an ce o f  ammoni a concent ration in 

the p o s t - expe rime n t al p eri o d  showed tha t  the re we re no 

d i f ferences  b e tw e e n  t re atments  ( P > 0 . 2 0 ) . 

( iv) � 
( Day 1 6  o f  exp e rimental  p e ri o d  only) . Me an 

s quares fo r analy s i s  o f  vari ance ( Mo de l  F ,  Sec tion I I )  and 

me ans a re pre s en t e d  in  Appendix T ab l e  A- 6 .  Th e t re at me nt - time 

me ans a re s hown i n  Fig . !l· Th e b e tween tre atment 

di f fe rence was n o t s i gni f i can t ( P >0 . 2 0 ) . The re was a 

s igni fi c ant d i f fe r ence b e tween s ampl in g  t imes ( P <O . O S ) , w i th 

the h i ghe s t pH o ccurring 8 h pos t - fe e ding . Th e t re a tmen t  x 
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F I GURE 1 2 : To tal VFA concent r a ti on vs time a fte r feeding 
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time interaction was a l s o s ta t i s tical ly s i gn i f i c ant 

( P < O . O l ) . Th e t re atment P R  re su l te d  in a much more rapid  

ri s e  in pH , w i th a ma xima at  4 h ,  comp ared  to  an  8 h 

max ima fo r the t re a tment R c ows . 

( e )  BLOOD METABOL I TE S  

( i )  P l asma  gluco s e  

Th e me an s quare s are pres ented i n  Tab l e  A - 8 and 

the adj us ted  tre atmen t  me ans fo r the two -way analy s i s  o f  

covariance ( Mode l B ,  Sec tion I I ) are p re s ented i n  Tab l e  �' 

wi th the tre a tment pe riod  me ans shown in Fi gure �· Only 

i n  the s e con d  expe riment al pe ri od was the re a s i gn i fi cant 

t re a tment e f fec t .  Tre a tmen t  P R  had a h i gher  p l as m a  

g l ucos e l e ve l than t re a tment R .  I t  appe ars that  the 

g l ucos e l e ve ls dur ing the pos t - exp eriment a l  pe ri od were 

m a rk edly l owe r than the l eve l s  in e i the r experimental  peri o d .  

S t a ti s t i c a l ly s igni fi cant di f fe rence s ( P< O . O S )  

a ro s e  b e tween s amp l in g  time s i n  b o th exp e rimental  periods , 

b u t  no t i n  the pos t - experiment al p e ri o d .  I n  the 1 s t  e xpe rime n t al 

p e riod  the 0 and 4 h s amp l es we re n o t  s i gn i fi can t ly 

d i fferent ( P > O . O S ) , b u t  b o th we re g re at e r  than the 8 h 

s amp l e  ( P < O . O S ) . I n  the s econd exper imen tal p e r io d , the 

reve r s e  was true , w i th the 8 h s amp l e  b e in g  s i gn i fi c antly  

g reater  ( P< O . O S )  than e i th e r  the 0 o r  the 4 h s amp le . 

( i i ) P l asma  ure a  

A subs tant i al reduct ion i n  the e rro r vari ance was 
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o b t ained by analys ing  the data  as a two -way ana lys is  o f  

c ovari ance (Mode l B ,  Sec ti on I I ) . Th e p e rcent reduc tion 

was 9 5 . 3 ,  9 5 . 9  and 9 6 . 2  for  the 1 s t e xper iment al , 2nd 

expe rimen tal  and po s t - expe rimental p e r i o ds re spec tive ly . The 

me an s quares for the analys i s  o f  covari ance are pre s ented  

in Tab l e  A - 9  and the  adj us ted  tre a tment me ans are  pre s ented  

in Tab l e  4 .  Adj us ted  t re a tmen t -pe riod  me ans a re i l l us trate d  

in Fi gure !i ·  I n  b o th the exp e rime nt al  pe riods and the 

pos t - expe riment a l  p e rio d , tre a tment R resul ted  in 

s i gni f i can tl y  gre a te r  l e ve l s  o f  p l asma  ure a-N  ( P < O . O O l )  

than t re a tment P R .  

I n  e ach p e ri od  the vari ance as s o ciate d wi th time 

of s amp l ing was s i gn i ficantly  g re ate r than ze ro . I n  b o th 

exp e riment al  p e r i o ds the maximum l e ve l  o f  p l asma  ure a -N 

o ccurred at 4 h pos t - fe e ding . Howeve r ,  in the pos t ­

expe rime n t al period  the z e ro h s amp l e  w as s igni fican t ly 

g re a te r  than the 4 and 8 h s ampl e s  ( P < 0 . 0 5 ) . 

( i i i )  Amino -ni trogen (N) 

When ana l y s e d  us ing a two -way an alys i s  o f  

covari ance (Mode l B ,  Sec ti on I I ) , the re was no reduc tion 1 n  

the e r ro r  variance . The F r at i o s  fo r the e rro r regre s s ion  

were non - s igni f i c an t  ( P > O . l O )  fo r e ach of  the p er i ods . Th e 

data wer e  then s ub j e c te d  to a two -way analys i s  o f  vari ance 

(Mo de l  A ,  S e c ti on I I ) . Me an square s are p res ente d in  Appendix 

Tab l e  A - 10 and t re a tment me ans in T ab l e  5 .  Tre atment - p e r i o d  

me an s  a r e  i l lus t ra ted in Fi gure �· 
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TABLE 3 

PLASMA GLUCOSE CONCENTRATI ON 

Adjus t e d  Tre atment  means . P l asma gluco s e . (mg . / l O Om l . p l as ma) 

p E R I 

TREATMENT Ex 1 Ex 2 

Rumen 6 9 . 3  6 9 . 4  

Pos t - rumen 7 0 . 6  7 1 .  4 *  

S . E .  o f  me an 0 . 8  0 . 6 5  

* P <O . O S 

Adjus t e d  Time me ans . ( mg/ 1 0 0  ml . p l asm a) 

TIME p E R I 
( hours pos tfe eding ) 

Ex 1 Ex  2 

0 7 0 . 6 a 6 9 . 4  ab 

4 7 2 . O a  6 9 . 0b 

8 6 7 . 2b 7 2 . 7 a 

S . E .  o f  me an 1 . 0  0 . 8  

0 D 

Pos t 

6 3 . 3  

6 3 . 0  

1 . 1  

0 D 

Pos t 

6 4 . 0  

6 2 . 4  

6 3 . 1  

1 . 4  

me ans wi th in a p e riod  having d i f fe rent l e t te r  a re 
s i gnificantl y  di ffe rent from one anothe r ( P < O . O S )  



P l a s m a 
G l u c o s e  
m go/o 

70.0 

6 5.0 

60.0 

- so -

• 
• 

• 

• 
• 

• 

• 

• 

• 
• 

• 
• 

• 

• 

• • 

• • 

• • 
• • 

• •  
• 

• 

• • 
• 

• • 
• 

• • 
• 

• • 

• • 
• 

• • 

• • 

• • • • 
• • • 

• • • 
• • 

• • 
• • • 

E X I  E X 2 PO ST 
P E R I O D S  

FI GURE 1 4 : P l asma glucos e  vs p e r i ods 

Symb o l s  as fo r Fi gure 1 .  

. 



- 8 1  -

TABLE 4 

PLASMA UREA CON CENTRATI ON 

Tre atment me ans . ( mg .
-

Ure a / l O O  ml . p l asm a) 

p E R I 0 

Ex 1 Ex 2 

Tre atment R 2 4 . 6 3 * * *  2 3 . 6 7 * * *  

P R  2 1 . 5 3 2 0 . 7 9 

S . E .  o f  me an 0 . 3 3 0 . 2 9 

* * *  P < O . O O l  

Time me ans . (mg . Ure a / l O O  m l . pl asma) 

p E R I 0 

Ex  1 Ex 2 

Time 0 2 2 . 1 8b 2 1 . 0 6b 

4 2 3 . 7 8a 2 3 . 1 4 a  

8 2 3 . 2 9 ab 2 2 . 4 9ab 

S . E .  o f  me an 0 . 39 0 . 3 4 

D 

P os t 

1 7 . 7 7 * * *  

1 6 . 2 7 

0 . 2 1 

D 

P o s t 

1 7 . 84 a 

1 6 . 9 lab 

1 6 . 3 lb 

0 . 2 5  

Me an s  w i thin a p e riod n o t  h aving the s ame l e t te r  a re 
s i gn i f i c antly d i f ferent P < O . O S .  
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A s i gni fi c ant di ffe rence e xis ted  be tween the 

tre a tmen t group s  b e fore the exp e r imental pe ri o d  commenced  

( P < O . O l ) , t re a tme nt R b e ing g re a te r  than t re atment P R .  

Th i s  d i f fe rence i s  unexpe cted  a s  the animal s  were mono zygous 

twins . 

During b o th e xpe riment al p e riods , tre atment 

P R  was s i gni fi c an t l y  g re a te r th an t r e a tment R ,  P < O . l O 

and P < O . O S for  the fi rs t and s e cond e xperiment al  pe ri o ds 

re s p e c tive ly .  From Fi gure � i t c an b e  s een tha t a c ro s s - over 

e ffect  was ob taine d , tre a tment P R  ri s ing from a l ow 

p re l iminary v a l ue and tre atment R f al l ing from a 

re l a tive ly h i gh value . One woul d h ave e xpec ted th at the 

covari ance analy s i s  w ould  h ave gi ven a reduction in e rro r 

vari ance , res u l t ing in h i ghly  s i gn i fi c ant di fference s 

b e twe en tre a tment s  during b o th exp e riment al periods . Th i s  

d i d  n o t  occur , indi cat ing that  a l a rge s ource o f  random 

var i a tion was no t accounted fo r .  

I n  the pos t - expe riment al p e r i od the leve l  o f  

amino ni tro gen fe l l  quit e  m arke dly i n  the tre atment P R  g roup , 

res u l t ing in a s igni fican t ly ( P < O . lO )  h i gher  l e ve l  o f  amino 

ni trogen in the t re a tment R group . 

In the firs t e xp eriment al period  the re was a 

s igni fi cant ( P < O . O l )  tre a tmen t x time inte racti on . An 

e x amination o f  the me ans , us ing Dunc an ' s  Mul t ip l e  Ran ge Te s t  
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( Dunc an , 1 9 5 5 ) , re ve a l e d  tha t the treatment PR cows h a d  

s i gni ficantly  h i ghe r ( P< 0 . 0 5 )  l eve l s  o f  amino - N  at  4 h 

pos t - feeding than at  any oth e r  t ime , and that  thi s  l eve l was 

g re a t e r  than the leve l  reached a t  any time in the tre a tment 

R group . The  tre a tment x time intera c tion was a ls o  

s i gn i fi c ant ( P < O . l O )  i n  period  E x  2 .  

( f) M I L K  FAT FATTY AC I D  Y I ELDS 

The d a ta from the two expe rime nt al periods we re 

ana lysed  according to Mo de l G ,  S e c t ion I I . Mean s qu ares 

for  the ana l y s i s  o f  variance are p re s ented in Appendix 

Tab l e  A- l l  and treatment me ans and s tandards erro rs in  

T ab le 6 .  

Th e only d i f fe rence b e tween t re a tments wh i ch 

appro a ched s i gni ficance was in the yie l d  o f  o l e i c  a c i d  

( 1 8 : 1 ) ( P < O . lO ) , where the y i e l d  o f  o l e i c  aci d w a s  g re ate r  

f o r  t re a tmen t  P R  than t re atment  R .  
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TABLE 5 

PLASMA AMINO N I TROGEN 

Tre a tmen t me ans . Amino N ( mg . / 1 0 0  ml . p l as ma) 

PERI ODS P RE 

Tre a tment R 4 . 7 1 * * 

P R  3 . 9 1 

S . E . o f  me an 0 . 1 5 

Time 0 3 . 9 lb 

4 4 . 0 2b 

8 4 .  9 9 a  

S . E .  o f  me an 0 . 1 9 

* *  P <O . O l * P < O . O S 

Tre atmen t - E x  1 

t ime me ans R 

0 4 . 4 7ab 

4 4 . 1 0b 

8 4 .  4 0  ab 

S . E .  o f  me an 0 . 1 8 

Ex 1 Ex 2 

4 . 3 3 ( 10 % )  4 . 1 1* 

4 . 6 3 4 . 4 5  

0 . 1 0 0 . 1 0 

4 . 4 9 3 . 8 Sb  

4 . 6 6 4 . 5 2 a  

4 . 2 9 4 . 4 8a 

0 . 1 3 0 . 1 3 

1 0 %  P < O . l O 

Ex  2 

P R  R 

4 .  S l ab 3 . 74b  

S . Z l a  4 . l l ab 

4 . 1 7b 4 .  4 9 ab 

0 . 1 8  0 . 1 8  

Me ans w i th i n  a p e r i o d  havin g di ffe ren t l e t te rs a re 
s i gni fi can t ly di ffe ren t , P � O . O S �  

POST 

4 . 0 6 ( 1 0 % )  

3 . 69 

0 . 14 

3 . 9 9 

3 . 9 6 

3 . 6 9 

0 . 1 7 

P R  

3 .  9 7b 

4 . 9 2 a  

4 .  4 7 ab 

0 . 1 8  
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TABLE 6 

MEAN YI ELDS O F  I N DI VI DUAL FATTY A C I DS ( g/ d ay) DURING  THE 
EXPERI MENTAL P E R I O DS 

FATTY AC I D *  

TREATMENT 4 : 0 6 : 0 8 : 0 

Rumen 1 3 . 7 8  1 2 . 7 2  8 . 30 

P os t - rumen 1 5 . 4 4 1 4 . 2 6 9 . 3 2 

S . E .  o f  me an 0 .  7 2  0 . 7 0 0 . 4 4  

FATTY ACI D* 

TREATMENT 1 2 : 0  1 4 : 0  1 6 : 0  1 8 : 0 

Rumen 2 2 . 5 8 6 4 . 4 6 1 36 .  3 2  9 8 .  9 0  

P o s t - rumen 2 4 . 76 6 4 . 0 0 1 3 9 . 30  1 0 1 . 7 0 

S . E .  o f  me an 1 . 1 6 2 . 4 2 5 . 6 0  3 . 9 0 

* Numb e r  of carb on atoms and  numb er  o f  doub l e  
bonds ( Farquh a r ,  Insul l ,  Ros en , S toffel  and 
Ahrens , 1 9 5 9 )  

1 0 : 0  

2 0 . 1 6 

2 2 . 4 4 

1 .  0 8  

1 8 : 1  

1 5 3 . 7 2  

1 6 4 . 0 4 

4 . 1 8 
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( i )  Vol ati l e  Fatty Aci d P roport ions and Concen trati ons 

Al though th e con cent rat i on o f  ace tate did  no t 

di ffe r  between t re atmen ts , the mo l ar pe rcent o f  a ce t a te in 

tre atment R was s i gn i fi cantly  re duce d ( P < O . O S )  b e l ow the l e ve l  

in tre atment P R .  Hume ( 1 9 70 ( b ) ) found an inve rs e 

re l at i onship b e tween mi c rob ial  prote in p ro duced in th e 

rumen and the mo l ar prop o rtion o f  ace tic  aci d .  0 rs k o'J and 

0 l tj en  ( 19 6 7 ) , L ew i s  ( 1 9 6 2 )  and Menah an and Schul t z  ( 1 9 6 4 ) 

have a l s o  no ted  a fal l in mo l ar pe rcent ace ti c wi th an 

incre as e in rumen ammoni a  leve l . Th e tre atment R cows  h a d  a 

s i gni fi c antly h i gher  rume n NH 3 conce ntration th an the tre atmen t 

PR cows . Hume h as inte rpre te d h i s  r e s ul t s  to indi c a te th a t , 

as the propo rtion o f  a ce ti c  aci d i n c re as e s , th e e ffi c i en cy 

wi th wh ich the ene rgy from the fe rment ation i s  us e d  fer  

mic rob ial  grow th is  dimin i s he d .  Howe ve r ,  s in ce carb on fo r 

amino acid  b io s ynthes is  wi thin rumen b acte ria  i s  

prob ab ly from fe rment a ti on end - pr o du cts , c arbon diox i de and 

ace t ate  (Al l i s on , 1 9 6 9 ) , and as a ce t ate s t imul a te s  s eve ral 

gro up s  of rumen b acte ri a ,  e spe c i a l ly when amn.on i a  i s  the 

main s o urce o f  n i tro gen ( Hungate , B ryant and Mak , 19 6 4 ) , 

the de cre as ed mol ar p ercent o f  ace t a te ob s erve d in t h e  t ri a l  

a long  wi th the r a i s e d  leve l s  o f  rumen NH3 indi c a te that the 

grow th o f  rumen b acte r i a  had  b e en s timul a ted . E l - Sh a z ly ( 1 9 5 2 )  

demons trated  tha t  the h i gher  vol ati l e  fat ty aci ds , name ly 

i s obu tyri c ,  i s ov a leri c and val e r i c  acids , aro s e  from the 

b re akdown o f  amino aci ds . Th e p re s en t  work woul d con fi rm th es e 
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obs e rvations in as much as tre atment R cows had a h i gher  

concen trati on and molar  p ercent age o f  val e ric  and i s oval e ri c  

acids  than tre a tme nt P R .  As i s ob u ty ri c acid  could  no t b e  

separate d  from p rop ionic  acid i t  i s  no t know whe the r  the 

l e ve l  o f  i s obuty r ic  di ffe red b e tween the t re atment s .  A 

di ffe rence in i s obutyric  l eve l cou l d acco unt fo r part  o r  a l l  

o f  th e d i f ference me asure d  as prop i onic  acid concen trat i on , 

wh i ch di ffere d  s ign i f i c an tly ( P < O . O S )  b e tween t re atments ; 

the leve l  in tre a tment R be ing g re a te r  in treatment P R . 

Ann i s on ( 1 9 5 4 )  noted a re l ations hip b e twe en the 

amo unt o f  pro t e i n  fe d and the l eve l of b r anched ch ain 

vol a ti l e fatty a cids in the rumen f luid . Cl ine , Garri gus 

and Ha tfie ld ( 1 9 6 6 )  were unab l e  to dete ct i s obutyri c o r  

is ovaleric  acid  i n  rumen fluid o f  sheep fed puri fied di e ts 

con ta ining non - p ro t e in nitrogen . Th e addi tion o f  l e u c ine o r  

val ine to the rumen o f  goats (Menah an and S chul t z , 1 9 6 4 )  

inc reased  the l e ve l  o f  i s ova l e r i c  and i s obutyric  acids  

s i gni fi cant ly . 

Al l i s on ,  Bry ant and Doe t s eh ( 19 6 2 )  and Deho ri ty , 

Sco t t  and Kow a l uk ( 1 9 6 7 )  have demons trated a b ran ched chain 

vo l a ti le fat ty a ci d  requi rement for s ome species  of  rumen 

b acte ri a .  They c l as s i fied the b acteria  into three g roup s : -

. ( i ) tho s e  th at required  val e ri c  ac i d  o r  h i gher  

s tr a i ght chain  acid  p lus i sob uty r i c  o r  z �me thylbuty r i c ; 

( i i )  thos e requi ring two o r  more b r an ched  chain acids 

( i i i )  a group requ i ring only one b ranche d chain 

aci d .  Al l i s on ,  B ryant and Doe tseh  ( 1 9 6 2 )  found that with  
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R fl ave faci ens , there was a l imi ted ab i l i ty to uti l i s e  

exogenous amino a ci ds whi ch they s ugge s te d  was due t o  a p o o r  

amino a ci d  transport sys t e m .  Th e autho rs a l s o  no te tha t  

the con cent ration o f  i s ov a l e ri c  acid i n  r umen fluid  i s  2 0  

to  2 0 0  time s  tha t  o f  l eucin e and thus the poo r transpo r t  

sys tem may b e  an evo l ut io n a ry adap t ation : L as s i te r , Eme ry 

and Duncan ( 19 5 8 ) con clude d that val e ri c  p l us i s ov 1leri c 

acid  adde d  to a gro und co rn cob p lus s oyb e an me al  diet , 

incre as ed  we i ght gain o f  dairy he i fe rs by s ome me ch an i sm 

othe r than app e t i te . 

Hume ( 19 70 (b ) )  ob tained an inc re as e d  in mi crob i a l  

p r o te in pro duc tion when a mixture o f  is obutyri c ,  2 -me thylbutyri c ,  

i s oval e ri c  and n - vale ri c  a ci ds was adde d to a b as al di et  

in  wh i ch the ma j o ri ty o f  the nit rogen was s upp l ied  as  ure a .  

O f  i n t e re s t  was the ob s e rvation (Hume , 1 9 7 0 ( c ) ) that ure a 

p l us the vol ati l e  fatty ac id  mix ture enab l ed as great  a 

mi crob i al pro t e in produc tion as when ge l atin provide d  mos t 

o f  the ni t rogen in the d i et .  Of parti cul a r  re l e vance he re 

was the ob s e rvation o f  McDonald  and Hal l ( 19 5 7 ) tha t  9 0 %  

o f  the c as e in ni tro gen i n  the die t  they fed , w as converted  to 

mi c rob i a l  n i t rogen . 

I t  woul d the re fo re s eem re as onab l e  to s ug ge s t  tha t  

in the pre s en t e xp e rimen t the addi t i on o f  cas e in to the rumen 

may have inc re as ed the mi c rob i a l  pro t e in p ro duction in the 

rume n .  
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TOTAL VFA C ONCENTRAT I ON 

The s ign i fi c ant d i f fe rence b e tween s amp le  times 

a f te r  fe e ding has been ob s erve d by Davey ( 1 9 6 4 ) . The maxima 

2 h pos t fee ding is  indic ative o f  the rap i d  fe rment ation 

th a t  o ccurs immedi a te ly fo l lowing inges t i on of  a me al . 

( 2 ) Rumen Ammo n i a  Concent ration 

A numb e r  o f  workers ( Chalme rs , Cuthbe r ts on and 

Synge , 1 9 5 4 , Annison  1 9 5 6 , Chalmers and Synge , 1 9 5 4 )  have 

shown that when c as e in is added to the rumen the l eve l o f  

rumen ammon i a  i s  gre a ter  than for the b as al diet  alone . The 

h i gh leve l o f  ammonia  res u l t s  from proteolys i s  (Anni son , 1 9 5 6 )  

an d de amina ti on (Warne r ,  1 9 5 6) o f  the c as e in . The re sul ts 

from the p re s ent tri a l  are in agreement w i th the  e ar l i e r  

work , thus demons tra t ing th a t  the cas e in was rap idly at tacke d 

by the rumen mi cro - org ani sms . I t  wou l d  appe ar from th e 

re sul ts ob tained , that  the me tho d o f  adminis t ering the 

c as e in p os t - rumina l ly was succe s s ful . Th i s  c on clus i on is  

b as ed on  the  ob s erva t i on that the re was no abno rmal  in cre as e 

in  rumen ammonia  leve l in the tre atment P R  co\JS . There was 

thus no evidence that  the cas e in had been re turned to the 

re t i cule - rumen by a revers e p e ri s ta l t i c  cont rac tion . 

The pat te rn o f  rumen ammoni a  concent ration , re l ative 

to  the t ime o f  feeding  in the tre atment P R  cows w as s imi l ar 

to the p at te rn ob s e rved in the pos t - expe r imen t al p e ri o d  on 

bo th treatments . Thi s  ob s e rvation woul d further  s upport . 
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the idea  tha t l i tt l e cas e in was returned to the rumen a ft e r  

b e ing admini s te red p os t - rumina l ly .  

( 3 )  Ni trogen B a l ance 

Ch almers , Cu thbe rts on and Synge ( 1 9 5 4 )  demons trated 

tha t  the n i tro gen in a c as e in s upp lemen t was u ti l i s e d  

more e ff i c i en t ly when admini s te re d  dire c tly into the 

duo denum of a s heep than when admin i s te red to the rumen . Many 

wo rke rs have s in ce con firmed thes e  earl i er ob s e rvati ons . 

( Re i s and S ch inckel , 19 6 1 ; S che l l ing an d Hatfie l d ,  1 9 6 7 ; L i t tl e  

and Mi t che l l , 1 9 6 7 ; and E gan 1 9 6 5  a ,  b ,  c ,  d) . An 

improvement  i n  ni trogen re tent i on in l amb s was al s o  no ted 

w i th abomas a l ly infus ed s oybe an p ro tein , re lative to when 

the pro te in w as admini s te red o ral ly (L i tt l e  and Mi t che l l , 1 9 6 7 ) . 

The treatment  P R  cows  had a s i gn i fi cantly  ( P < O . l O )  g re a te r  

n i t rogen re tention than the t re atment R cows and th i s  i s  

i n  agreement w i th th e ob s e rva ti ons o f  Re is  and S ch incke l 

( 1 9 6 1) ; Sche l l ing and Hat fi eld ( 1 96 7 )  and L i t t l e  and Mi t che l l  

( 19 6  7 ) . 

Of part i cu l a r  imp o rt ance i s  the obs e rvat i on tha t  

the faecal  n i trogen excre t ion o f  the tre atment R cows w as 

s i gni f i c an tly ( P < 0 . 0 5 )  gre ate r th an t rea tment PR . McN augh t 

e t  al ( 1 9 5 4 )  and Be rgen , Purs e r  an d Cl ine , 19 6 8 , h ave  

demons t rated tha t  b ac te ri a  are n o t  as  d i ge s tib l e  as  p ro to zo a . 

Thus i f  the cas ein  admin i s tered to the rumen res u l ted i n  an 

inc re as e  i n  the numb e r  o f  b acte r i a and not  the· p ro to zoa , then 
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mos t l ike ly there  wou l d  b e  an in cre ase in fae c a l  ni trogen 

e x cre t ion as was obs e rved in the pre s en t e xpe rime nt . 

S imi l arly , B l axter  ( 1 9 6 4 )  ob s e rved  tha t  6 . 5 %  o f  the c as e in -N  

infus e d  into  the rumen appeare d  in  the f ae ces , comp a red  wi th 

0 . 2 % for abomas a l ly in fuse d  cas e in . 

Ammoni a that  is  ab s o rb e d  from the rumen i s  conve rte d 

to ure a at the  l ive r and i s  l arge ly excre te d in urine 

(McDon al d ,  1 9 6 8 )  s ince  t re atmen t R resul ted in s i gn i f i c an t ly 

h i ghe r l e ve l s  o f  rumen ammoni a  than t re atment P R  one might 

e xp e c t  a g re a te r  l o s s  of ni tro gen in urine w i th t re a tment R 

c ows . Al though the di ffe rence ( 1 8 . 5 g ni trogen p er day)  in 

urinary ni t ro ge n  s e cre t ion was no t s i gn i f i cant ( P >0 . 2 5 )  

thi s  woul d app e a r  t o  be  l arge l y  a re fl ec tion o f  t h e  l arge 

wi thin t re atment varia tion in u rin ary ni trogen excre t i on 

s ince a di f fe rence in fae cal  n i t ro gen excre tion o f  1 8 . 7  g 

p e r  day was s i gn i f i c ant ly d i ffe rent  ( P < O . O S ) . 

( 4 ) B l oo d  Me t ab o l i te s  

( a) P l as m a  Gluco s e  

Al though appre c i ab l e  amounts of  wate r s ol ub l e  

carbohydrates  are found i n  g ras s es (MacKenz i e  and Wy l an , 1 9 5 7 )  

they are a lmo s t  comp lete ly fe rmented  (Wa i te , J ohns ton and 

Arms trong , 1 9 6 4 ) . When fro zen g r as s  was fed t o  sheep , 9 8 . 2 % 

o f  the to t al wate r s ol ub l e  sugars  i nge s ted had dis appeared  

be fore re ach ing the pyl o ru s ; w i th  the s ame g ras s fed  dri ed , 

th e comp a r ab l e  value was 9 5 . 5 % ( Arms trong and Beeve r ,  1 9 6 9 ) . 
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There fo re very l i ttle  g l ucose  woul d be  ab s o rb e d  from the 

d i g e s tive tr act  o f  a ruminant fed gras s and gl uconeo gene s is 

is  o f  imnortance in providing glucose  for the animal s 

me t abo l i s m .  

P rop i onate has b e e n  b e l ie ved to be  a maj or 

sub s tr ate fo r g luconeo gens i s , al though e s t imates  o f  the 

con t ribut i on o f  prop ionate c arbon to gluco s e  carbon have var i ed 

from 2 7 % , ( Juds on , Ande rs on , Luick and Leng , 1 9 6 8 ;  B e rgman , 

Roe an d Kon , 1 9 6 6 )  to 6 2 %  ( Le ng , S te e l  an d Lui ck , 1 9 6 7 ) . 

Me t ab o l i s e d  pro te in i s  a l s o  a maj o r  s ub s tra te 

fo r gluconeo gene s i s  and coul d account fo r up to tw o th i rds 

of the gluco s e  c arb on , ( Be rgm an , Roe and Kon , 1 9 6 6 ) . Ford 

( 1 9 6 5 )  fe d d i e t s  supp lying 1 2 6 , 1 9 7 and 4 6 0  g crude 

pro te in per  day and found a gre a te r  gluco s e  u ti l i s a ti on rate 

with the h i gh p ro te in di e t .  Th is  h e  s u gge s te d  was due to 

g re ater  amino a cid  ab s o rpt ion an d s ub s equent glucone o ge ne s i s . 

The s i gni f i cant ly hi ghe r leve l o f  p l asma gluco s e  ob s e rve d 

in the PR c ows could  b e  exp l a ined on the b as i s o f  a gre ater 

s upp ly  of gluconeogenic  mate r i a l  at  the l ive r s ince it  is  

unl i kely  that the amino acids woul d  be  de g raded in th e 

d i g e s tive t ract  pos t - rumin al ly , unl e s s  they re ached  the 

c ae cum . The re was no s i gn i fi c ant d i f fe re nce b e twe en t r e a tment s 

in Ex  1 in glucose  concentration , the re as on fo r th i s  i s  

d i f f i cult t o  e s tab l i s h . The l ower l eve l o f p l asma gluco s e  

i n  the Pos t P e riod  in b o th t re atme n ts i s  s urp r i s ing s ince  the 

anima l s  we re  b e ing fed the s ame b as al rati on . The fal l may 
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have re fle c te d  a gene ral  ove ral l drop in the l eve l o f  nutr i t i on 

due to ces s a t i on o fc as e in infus i on . 

( b )  P l asma Urea  

Th e ab s orp t i on o f  ammo n i a  acros s the rumen wal l w as 

firs t repo r te d  by McDonald ( 1 9 4 8 ) . Th e rate o f  ab s o rp t i on 

is infl uenced b o th by concent ration gradient (Ho g an , 1 9 6 1 ; 

Lewis , H i l l  and Anni s on ,  19 5 7 ) and pH (Ho g an ,  1 9 6 1 ) . Ab s o rb e d  

ammonia  i s  c ar ried  vi a the portal  c i rculat ion to the l iver 

where  it i s  conve rted  to urea (Wa ldo , 1 9 6 8 ; Smi th , 1 9 6 9 ; 

Ti l l man and S i dhu , 1 9 6 9 ) . Lewis  e t  a l . ( 1 9 5 7 ) repo rted  tha t  

the l iver was ab l e  t o  conve rt al l o f  the ab s o rb e d  ammonia  

into ure a unt i l  the l e ve l  of  ammon i a  in  rumen fluid  re ached 

approxima te ly 84  mg% . 

Mc i ntyre ( 19 7 0 )  has demons trated th at  pl asma ure a  

n i tro gen and rumen ammoni a  l eve l s  incre as ed l inearly t o  

ab out  30 m g  % as nit rogen intake increas e d .  A corre l ation 

b e tween p ro te in int ake and the concent ration o f  ure a in 

b l ood  pl asma has been ob s e rve d by L ewi s ( 1 9 5 7 ) ; L e ibho l z and 

Cook , ( 19 6 7 ) and Van Horn ,  Jacob s on and E r ade r ( 19 6 9 ) . 

I n  the pre s e n t  expe riment , the s igni fi cant ly 

( P < O . O l )  h i ghe r leve l o f  p l asma u re a n i t ro gen in the trea tment 

R cows appe ars  to re f l e c t  the h i gher  pro te in int ake in 

the rumen , and the s i gn i ficant l y  ( P < O . O l )  highe r l e ve l  o f  

rumen ammon i a  o f  the t re a tment R cows . 

Al though b l o o d  s amp l es we re no t taken a t  the time 

tha t  co rre sponded to maximum rumen ammoni a  concentration  the 
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h i ghe r l eve l o f  p l asma urea a t  four hours pos t - feeding wou l d b e  

a r e f l e c tion o f  the h i gh rumen ammonia  p l asma  leve l s  at 

two h ours pos t - feedin g . 

The continued  h i gh leve l  o f  ure a  in the tre atment 

R group in th e pos t expe rimen tal period  is d i f ficul t to 

exp l ain . Bo th gro up s  o f  cows in th is p e r i o d  we re re ce i ving 

s im i l a r  n i t rogen intakes and the re we re no s igni fi c ant 

di f fe rence s in rumen ammoni a c oncent ration . 

( c )  P l asma Amino N i t rogen 

Low concen t r a t i ons o f  free amino aci d have be en 

demons trated in the rumen (Anni son , 1 9 5 6 ; Wri ght and Hungate , 

1 9 6 7 ; Le ibho l z ,  1 9 6 5  and Le ibho l z , 1 9 6 9 ) . Al though the re 

is  con fl i c ting evi dence on the ab s o rp t i on o f  amino aci ds 

from the rumen, Annison  ( 19 5 6 ) found no evidence to ind i c a te 

ab s o rp tion whi le Demaux et  al . ( 1 9 6 1 ) ; Cook , Brown and Davi s , 

1 9 6 5 and L e ibho l z  ( 19 7 1 )  us ing the techni que o f  p l acing amino 

a c i d  s o lut i ons in wash e d  rumens , found evi dence fo r ab s o rp t i on 

o f  s ome amino acids al though thi s  depende d on the ini t i a l  

concent ra tion and the concen tration o f  o th e r  amino acids 

pres ent ( L e i bho l z , 1 9 7 1 ) . 

The us e o f  i s o top i c al ly l ab e l l e d  D ,  L - Tryp tophan 

( Candl is h , S tange r ,  Dev l in and L aCro i z ,  1 9 7 0 )  and methi onine 

( Mc Carthy , P a t ton and G ri el , 1 9 7 0 ) h as ind i c ated  tha t  

s ub s tan t i a l  amounts o f  thes e  amino acids c an b e  ab s o rb e d  from 

the rumen .  
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The s i gni fi c ant di ffe rence b e twe en tre atments ( P <O . O l )  

f o r  amino -N in the p re l iminary p e riod  i s  di ffi cul t to 

ac count for . Th e res ul ts ob tained during the expe riment al 

pe riods are wha t  one would expe ct  if the re was incre as e d  

ab s o rp t ion o f  amino aci ds from the l ower gut a s  a re s u l t  o f  

incre ased  amoun ts o f  m i c rob i al and c as e in pro te in b e ing 

di g e s ted . That  di ffe rences be twe en t re a tments we re only 

s igni fican t  at  the 1 0 %  leve l  o f  p rob ab i l i ty in the  f i rs t 

e xp e rimental period  and at  the 5 %  l eve l  in  the s econd 

exp e rimental  period  w ou l d  sugge s t  tha t  the re was an 

adap t ation over a p e ri o d  o f  time to the d i e tary ch ange 

imp os ed b y  the tre atment .  From F igure 1 6  it  c an b e  s een 

tha t  tre a tment R cows h ad a h i gh leve l o f  amino -N  which 

p ro gres s ive ly decreas e d ,  whi l e  the tre a tment P R  cows h ad a 

l ow leve l in the p re l iminary pe riod wh i ch incre as ed during 

tre a tmen t .  

The s i gn i f i c ant tre a tment X time interacti ons in the 

f i rs t expe rimental  p e r i od ( P < O . O l )  and the se cond exp erimental  

pe riod  ( P < O . l O )  are intere s ting , the peak leve l of  oc - amino 

n i t rogen o c curred 4 h pos t feeding in t re a tment P R  wh i l e  i t  

was a minimum in t re a tment R a t  thi s  t ime during the firs t 

exp e rimen t a l  peri o d .  Howeve r dur ing the s e cond exp e r imen t a l  

p e r i od whi l e  t re a tment P R  s t i l l  resul ted in a 4 h m axima , 

t re a tment R h ad an e ve r  increas ing l eve l a t  b o th 4 and 

8 h pos t feedi ng . 

I f  s ub s t an t i al  abs o rpt i on o f  amino acids  d i d  o ccur 
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from the rumen , one migh t exp ect the re s ul ts ob tained in 

the fi rs t e xperimen tal per i o d  to be s imi l ar to tho s e  in t he 

s e cond exp eriment a l  peri od ,  s in ce the s teadily inc re as ing 

leve l o f  � - amino n i trogen woul d ind i c a te ab sorp t i on o f  amino 

ac ids from the rumen fo l lowe d by inc re as ed ab s o rp ti on o f  

amino ac i ds from diges ted micr ob ial  pro te in in the  l owe r 

gut a t  a l a te r  time vi z e i gh t  hours pos t - feedin g .  

Al though the data may indic ate incre a s e d  

abs o rp ti on o f  � - amino n i t rogen  in the tre a tment  P R  cows , 

one nee ds to b e ar in  mind the unexp l ained s igni f i c ant 

di ffe rence b e tween the tre atment  group s in the p re l iminary 

period . Th e ob s erva tion in the pre l iminary pe r i o d  would 

s eem to indicate tha t  fac to rs o ther th an die tary s upp ly o f  

� - amino n i t rogen a re impo rtan t in influenc ing the p l asma 

l eve l of � - amino n i t rogen , s ince al l cows rece ive d i dent i c al 

diets  in th i s  peri o d .  

( 5 )  Y i e l d  o f  Milk  and M i l k  Component s 

Al l yie l ds were gre a ter  on tre atment R than on 

tre atmen t PR . The e ffec t  on fat  y i e l d  was the l eas t 

s igni f i cant ( P >O . l O ) , des p i t e  a s igni fi c antly g re a ter  content 

o f  mi l k  f a t  in  the t re atment R group . The l ack ·o f  a 

s igni fi c an t  d i f fe rence in f a t  yie l d  re f l e c ts the g re a te r  

vari ance i n  mi l k  f a t  yie l d ,  and m i l k  f a t  perce n t  d i f fe rences  

didnot  g ive s igni fi c ant  d i f f e rences i n  milk  fat  y i e l d . 
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Th e content o f  l a cto s e  ( P >O . l O ) , pro te in ( P >O . l O ) , 

pro te in in  f a t  free s e rum ( P >O . l O )  and l actose  in fat 

fre e s e rum ( P >O . l O )  we re no t s i gn i fi cantly di ffe rent b e tween 

tre a tmen ts . The con tent  o f  mi l k  fat  in th e tre a tmen t R 

g roup was s i gni ficantly  d i f fe rent ( P <O . l O )  from the 

tre a tment PR g roup . 

Al though the g re ater vari ab i l i ty in milk  f a t  y i e l d  

exp l ains i n  p a rt the l ack o f  s igni ficant di fferences b e tween 

the tre a tmen t  groups , one should no t ove r l ook pos s ib l e  

nut r i tional  factors . 

Gene r al ly an increase in m i l k  y i e l d  can b e  

a ttributed t o  an incre a s e  i n  ene rgy intake ( Rook and L ine , 

1 9 6 1 ) . S ince the cows in  thi s  expe rimen t wou l d  have b een 

re ce iving s imi l ar ene r gy intak es , as a l l  animal s we re fe d 

the s ame amo un t  of  foo d ,  one c an only conclude that  ex tra 

ene r gy via  the rumen w as more b ene f i c i al than ex tra ene rgy 

pos t - ruminal ly . 

One needs a l s o  to no te th at the ene rgy ob t aine d  from 

c as e in via the rumen wo uld  di ffe r from ene rgy ob tained from 

c as e in pos t - ruminal ly . Wi th ruminal adminis trati on the 

ene rgy woul d be  l arge ly via  vo l a t i l e  fat ty acids ; s ince the 

c as e in is r ap idly de am i n a te d , as  shown by the s i gn i f i can t  

d i f fe rences in  rumen ammonia  concentration . The pos t -

rumina! adminis tration would s upply energy i n  the form o f  amino 

acids . 
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I t  i s  di fficu l t  to de t e rmine the e ffect  o f  h i ghe r 

propor tions and conce nt r a t i ons o f  i s oval e r i c  and val e r i c  

acid o n  produc tion . Las s i te r , Eme ry and Dunc an ( 1 9 5 8 a) found 

no e ffe c t  o f  val eric  or i s ova l e ri c  on fat co rre c ted  mi lk  

yie l d  a l though there was  a te ndency to depre s s  mi l K  fat  

percen t .  With  dry dairy he i fe rs valeric  p l us i s oval e ri c  

acid added t o  a g round corn cob p lus soyb e an m e a l  di e t  

re s u l ted in incre as e d  we i ght g ains by s ome me chani sm , o the r 

than an incre as ed appe t i t e  ( L as s i te r ,  Eme ry and Dunc an , 

1 9 5 8b ) . The a ddi tion o f  a mixture o f  i s ova l e r i c  and 

va l e r i c  acids to a d i e t  h as been  s hown to incre as e mi crob i al 

pro te i n  pro du c t i on (Hume , 19 70b ) . Hume ( 1 9 70 b )  has  al s o  

no te d  a ne gati ve corre l a ti on b e tween mo l ar percent ace t i c 

acid and mi crob ial  pro tein  product i on . Since acet ate 

provides  a l a rge propo r t i on o f  the c arb on fo r amino acid  

b i os ynthe s i s  in the rumen b acte r i a  (Al l i s on ,  1 9 6 9 )  and as 

b ranched and l on g  cha in vo l a ti l e  fatty acids a re requ i red  

fo r g row th of s ome spe c i e s  o f  rumen bact e r i a  (Al l i s on ,  Bryan t 

and Doe t s ch , 1 9 6 2)  i t  i s  c once ivab l e  tha t  in the pre s en t  

exp e ri ment the re was a tw ofo l d  advant age from adding 

cas e in to the rumen : -

( i )  incre as e d  ab s o rp t ion o f  prop i oni c ,  i s oval e ri c  

and v a l e r i c  acid from the rumen , and 

( i i )  incre as e d  diges t i on o f  microb i al p ro te in in  

the inte s tines due to  s timul a t i on of  microb i a l  g rowth in the  

rumen . The  g re a te r  N e x c ret ion in the fae ce s of  the tre a tmen t 
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R cows wou l d  support the sugge s tion that  there was incre as e d  

rumen micro b ial  grow th i n  the cows rece iving cas e i n  to  the 

rumen . B l axter  ( 1 9 6 4 )  has pointed o ut the high ob l i g atory 

l o s s  o f  fae c al ni tro gen in ruminant s - 6 . 5 %  o f  the c as e in -N 

infused int o  the rumen vs 0 . 2 % o f  the c as e in infused into  the 

abomasum r e c ove rab l e  in the fae ces  - due to the t r app ing o f  

n i tro gen in the ind i ge s tib l e  ce l l  wal l s  o f  the m i c ro ­

o rganisms . 

( b )  M i l k  Compos i t i on 

As ment i oned in Sect i on I l l  the only di f fe rence in 

c ompos i t i on was with m i l k  fat pe rcent ( P < O . l O ) . This  i s  

s omewha t s urpr i s ing i n  view o f  the incre as ed p ro te in conten t 

obt ained w i th tre a te d  cas e in by Wi l s on ( 1 9 70 ) . Howeve r in 

Wi lson ' s  experiment there was no s i gni f i c ant di f fe rence 

b e tween t re a ted cas e i n  and non - trea te d cas e in when g iven 

o ra l ly as s uspens i ons . Howeve r when the c as e ins were 

inco rporated  into a me al mix ture , unt re a te d  cas e in resul ted  

in  s igni fi c antly greater  c ontents  of  fa t and p ro te in in  the 

m i lk . As t he re may h ave b een interac ti ons between the ene rgy 

and pro tein  thes e  re sul ts are no t s tr i c t ly comp ar ab l e  

with the p r e s ent experiment . S imil arly the re s ul ts  o f  

Brode r i ck , Kowa l c zyk and S a l te r  ( 19 70 )  are no t comparab l e  s ince 

the comp a ri s on w as b e tween the ab omas a l  admin i s t r a t i on , o f  

c as e in arid the equiva lent amoun t  o f  ni tro gen and ene rgy as  

u re a  and g l uco s e . B r oder i ck e t  a l . ( 1 9 7 0 )  obt ained a 6 . 2 % 

incre as e  in pro te in content ( P < O . lO )  and an 1 1 . 6 %  inc re a s e  in 
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p rotein  pro duction (P< O . O S ) , in res pons e to cas e in infus ion 

into the ab omas um . 

Pl asma free amino acids a re the pre curs o rs o f  

a t  l e as t  9 0 %  o f  the pro te in n i t rogen i n  cows m i l k  ( B a rry , 1 9 6 1 ) . 

I t  i s  there fore s omewha t  surp r i s ing that  the s i gn i fi c ant 

incre a s e  in  concentration o f  p l asma amino ni tro ge n ob s e rved 1n 

the PR cows did not res u l t  in an inc re as e d  content o f  p ro t e in 

in the ri lk .  S imi l arly , i s o top ic  s tudi es have shown 

th at  b oth halve s  o f  the l a c to s e  mo l e cule  are de r i ve d  from 

b lood  g l uc o s e  ( L in z e l l ,  1 9 6 8 ) , howeve r in the p re s ent 

exper iment , the  s igni f i c ant ly h ighe r p l asma gluco s e  

( P< O . O S )  leve l ob s e rved in  the PR  cows did  no t resul t i n  

an incre ased  s e cre t i on o f  l ac to s e  in  the m i lk . 

6 .  YIELD  O F  M I L K  FAT FATTY AC I DS 

Mi lk fat  short chain a cids ( 4  to  1 0  carbon a toms ) 

are de rived almos t ent ire ly by synthe s i s wi th in the m ammary 

gl and . Th e l o ng chain a c i ds ( 1 8  carbon atoms ) a re derive d  

from the iriglyce r ides  o f  the low dens i ty B - l ipop ro te ins 

of  p l asma and the inte rme d i a te acids ( 1 2  to  16 c arbon a toms ) 

from b o th the s e  s ource s ( B arry , 1 9 6 4 ) . O l e i c  a c i d  may b e  

derived direc tly from o l e i c  ac id o r  indirectly  by 

int ram ammary d ehydrogena t i on o f  s te a r i c  ac i d  ( L aury s s ens , 

Verbeke  and Pee t e rs , 1 9 6 1 ; Ann i s on , Lenze l l , Fa z ake rley  and 

Nicho l s , 1 9 6 7 ) . The yie l d  o f  o l e ic acid was s igni fi c antly  

( P< O . l O )  g re a te r  fo r the  t r e a tment PR  cows . Th i s  
·
c oul d 
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indicate g re a te r  ab s o rp tion o f  o l e i c  acid from the 

d i ges tive t rac t ,  or  increased  me t ab o l i sm of adip o s e  t i s sue  

in the trea tment P R  g roup . I t  i s  conce ivab l e  tha t  i f  ch ange s 

in b ac te r i a l  numbe rs did  o ccur in  the trea tment R g roup , s ome 

changes i n  rumen hydro genation might o c cur . Howeve r as the 

di ffe rence in y i e l d  i s  only at the 1 0 %  level  o f  s i gni fi c ance 

one needs  to  b e  c autious in draw ing conc lus ions as to c aus e 

and e f fe c t .  At  th i s  s tage the y i e l ds o f  the mi l k  f a t  fa t ty 

a c i ds woul d not  appe ar to o ffe r any exp l anat i on fo r the 

ob s e rve d e ffec ts on m i l k  yie l d  and compos i t ion . 

C ONCLU S I ONS  

Th i s  the s i s  des c ri b e s  an  exper iment de s i gn e d  to  

inves tiga te e f fi ci ency of  uti l i s ation o f  extra  pro t e in , 

as cas e in , on m i l k  p roduc tion o f  a l ac ta ting cow when 

admin i s tered  rumina l ly o r  po s t - ruminal ly . Du ring the cours e 

o f  the exp e r iment the c ows were  hous e d  indoors and fed a 

cons tant d i e t o f  drie d  gras s . 

The  fa te o f  the adm in i s te re d  n i tro gen w as examine d 

by a ni trogen b a l ance . Rumen ammoni a  and VFA measuremen ts 

were t aken to give an indi c a ti o n  o f  the type of fe rment ation 

o ccurring in the rumen . B l oo d  s amp l es we re a l s o  t aken , 

for analy s i s  o f  g lucos e ,  urea and amino -ni troge n . 

Exce p t  for mi lk f a t , the y ie l d  o f  a l l  mi lk  

comp onents were s ig n i fican tly g re a te r  in  the tre a tmen t R g ro up . 

The concen t ration o f  rumen ammonia  w as g re ater i n  the t re a tmen t 
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R cows , i n  accordance w ith ob s e rvati ons made 1n o the r 

inves t i g a t i ons . Th ere was gre a te r  re tention o f  n i trogen 

in tre a tment PR cows , w i th tre a tment R having a s i gn i fi cantly  

g re a te r  excre t i on of  nit rogen i n  the  fae ce s . Th e rumen 

ammonia  and n i trog e n  b al ance d a t a  are indi cative o f  

ine ffi c i ent us e o f  n i t rogen i n  the t re a tment R g roup and 

a gene ral conclus i on a long thi s  l ine would  be in a g re ement 

w i th ob s erva tions b y  o the r wo rk ers . In  s p i te o f  the 

apparent ine ffic i ent us e of n i t rogen in  the tre atmen t R 

g roup , the y ie l d  o f  m i l k  and i ts component s was greater  than 

in  the t re a tment P R  g roup . 

A depre s s ed  leve l  o f  acet i c  acid  concen t r a t i on , and 

an e l evated  l eve l o f  prop i oni c , val e r i c  and i sova l e r i c  

acid  concentra tion s  were ob s e rved . A t  present the 

ob s erv a t i ons  on the rumen parame ters s eem to e xp l ain  the 

e f fec t  on m i lk  y i e l d  b e s t .  Th e e levated l eve l s  o f  

vale r i c  and i s oval e r i c  acids a re as s o c i a ted w i th fe rmen t a t i on 

o f  amino a c i ds , wh i l e  the dep re s s ed level  of ace t i c  a c i d  i s  

cons ide re d  b y  s e ve r al autho rs t o  indic a te gre a t e r  

u t i l i s ation  fo r rumen microb i a l  growth . 

The �e as urements o f  b l ood me t ab o l i te s  indi cated a 

s ign i f i c an t l y  g re a te r l eve l o f  « - amino n i t rogen and a l ower 

l e ve l  o f  p l asma ure a i n  the t r e a tment P R  g rbup . N o  

di ffe re nc e s  occu rred i n  the l eve l o f  p l a sma gluco s e  b e twe en 

tre atmen t g r oups . 

A furthe r inve s t ig a ti on into  the re l a ti on s h ip 

b e tween " e x ce s s" d i e t a ry pro te i n  and rumen microb i al g rowth 
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s e ems to b e  indi c a te d  by the pres ent e xp erimen t .  Th e 

gene ral a r gument  fo r an amino acid  to b e  l imi t ing  in  m i l k  

produc t i on i s  tha t  t h e  amino acid  compos it ion o f  rumen 

mi crob i a l  m a t te r  a l te rs ve ry l i t t l e  wi th changes  in b a c te ri al 

and p r o to zoal  specie s , and tha t  the amino acid l e ve l s  

supp l ied  a re unl ike ly to mee t  the demands o f  a h igh yie l ding 

cow . Howeve r ,  i f  the to tal amount of rumen mi crob i al  

ma tte r  c an be  inc r e ased , the re may b e  s ome bene f i t  to the 

anima l .  I t  s houl d  b e  noted tha t  in the inves t i g a t i on reported  

in  thi s  the s is the  cows us e d  we re no t h i gh yie l ding , dai ly 

mi l k  produc tion b e ing approximate ly 10 kg . 

An a l t e rnative app roa ch to  admini s te r ing  an amino 

acid mix , wou l d  be to  admini s ter  individual amino acids v i a  

the abomas um . D a t a  avai l ab le o n  the requi rements  fo r 

milk  prot e in and g lucogene s i s  indicate tha t the ab omas al  

infus ion o f  glutam i c  acid wou l d  be  wo rthy of  i nve s t i g ation . 
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APPEND I X  TABLE A- 1 

MEAN SQUARE S FO R ANALYS I S  OF VARI AN CE O F  Y ,  AFTER F I T TI N G  
THE RE GRESS I ON ON X .  

( b )  Yi e l ds 

S ource DF MY FCMY FY py LY 

Trea tme n t  ( TR) 1 2 . 2 4 6 49 * *  2 . 9 1 0 6 5 *  0 . 3 2 2 35  0 . 1 2 1 3 3* 0 . 44 35 6 * *  

Pe ri o ds ( P )  5 3 . 2 0 0 8 5 * * *  3 . 35 40 0 * * *  0 .  5 5  89 1 * 0 . 6 0 3 7 4 * *  0 . 8 3 8 36 * * * 

Tr  x P 5 0 . 0 8 4 1 4 0 . 0 72 0 1  0 .  0 1 7  39 0 . 0 10 0 0  0 . 0 2 2 7 3  

E rro r 2 3  0 . 2 3 4 7 8  0 . 5 32 5 9 0 . 14 0 1 1  0 . 0 2 5 1 3  0 . 0 5 5 2 2  

* P < 0 . 0 5 * *  P <O . O l * * *  P<O . O O l  

Adj us te d t re atment me ans (kg/day )  

( 1 ) Tre atme nts MY FCMY FY py LY 

TR 10 . 82 3 1 2 . 9 4 3  0 .  5 7 4  0 .  39  8 0 .  5 84  

TPR 1 0 . 2 4 2  1 2 . 0 4 1  0 . 5 30 0 . 3 83 0 . 5 2 2  

S . E .  o f  me an 0 . 1 2 4  0 . 2 2 8  0 . 0 1 6  0 . 0 0 4  0 . 0 0 6  

Pe ri o d  Me ans (not  adj us te d) ( k g/ day )  

( 2 )  Pe r i o ds MY FCMY FY py LY 

Ex  1 1 0 . 7 8 3 a  1 2 . 7 1 9 a  0 .  5 6 0 ab 0 .  39 6 a  0 . 5 4 3 a  

2 10 . 9 3 7 a  1 2 . 9 7 8 a  0 . 5 7 3 a  0 . 40 7 a 0 . 5 5 6 a  

3 1 1 . 1 9 6 a  1 3 . 2 0 7 a  0 .  5 8 2  a 0 . 4 1 9 a  0 .  5 7 2  a 

4 10 . 4 79 a  1 2 . 4 7l a  0 .  5 5 2 ab 0 .  3 9 4  a 0 .  5 30 a 

Pos t - Ex 1 1 0 . 6 7 3 1 2 . 4 9 8 a 0 .  5 4 9 ab 0 . 39 7 a 0 . 5 4 3 a 

2 9 . 1 26 b  1 1 . 0 79 b  0 . 49 Sb 0 . 3 2 9b 0 .  4 6 4b 

S . E .  o f  mean 0 . 19 8 0 .  2 9  8 0 . 0 1 5 0 . 0 0 6  0 . 0 10 

Me ans wi th in any one p a rame te r having di f ferent . l e t te rs are 
s i gni f i c an t ly di ffe rent . 
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APPENDI X TABLE A- 2 

MEAN SQUARES FOR ANALYS I S  O F  VARI ANCE O F  Y ,  AFTE R F I T T I N G  
THE RE GRESS I ON O N  X .  

( a )  Mi lk Compos i tion 

Source Fat % P ro te in 

Tre at ment ( T r) 1 0 . 1 39 3 7  0 . 0 0 3 3 3  

Pe ri o ds (P )  5 0 . 0 5 4 2 8 0 . 0 2 2 1 3 * 

TR X p 5 0 . 0 1 5 3 2  0 . 0 0 4 35 

E rro r 2 3  0 .  0 3 79 8 () . 0 0 5 74 

* P < O . O S  

Adj us t ed  Tre a tment me ans 

Sour ce Fat % Pro tein 

TR 5 . 3 3 3 .  71 

TP R 5 . 2 1 3 , 7 2 

S . E .  o f  me an 0 . 0 5 0 . 0 2  

% 

% 

Period  me ans (not adj us ted) 

Source Fat  % Pro te in % 

a xpe r:imen t 1 3 .  6 9 ab 

2 3 .  7 3 ab 

3 3 . 7 5 a  

4 3 . 7 7 a 

Pos t - Ex . 1 3 .  7 3ab 

2 3 .  6 0b 

s . a .  o f  me an 0 . 0 3 

Lactose  % Pro tein ( FFS ) Lactose  ( FFS ) 

0 . 0 0 0 0 0 3 5 0 . 00 7 3 7  0 . 0 0 0 0 2 79 

0 . 0 0 4 1 5 0 1 0 . 0 2 4 7 2 * *  0 . 0 0 5 4 1 2 5  

0 . 0 0 0 2 0 2 0 0 . 0 0 2 2 6 0 . 0 0 0 6 5 5 0  

0 . 0 0 3 8 75 0 . 0 0 42 7  0 . 0 0 4 9 2 6 4  

* *  P <O . O l  

L actos e % Pro t e in ( FFS ) Lac to s e  ( FFS ) 

5 . 0 8  3 . 9 1  5 . 3 5 

5 . 0 8  3 . 9 1 5 . 3 5 

0 . 0 1  0 . 0 2 0 . 0 2  

Lacto s e  % Protein ( FFS ) Lac tos e ( FFS)  

3 . 8 8 ab 
3 .  94 a 

3 .  9 6 a  

3 . 9 7a 

3 .  9 3a 

3 .  79b 

0 . 0 3  

Me an w i th in a p a rame te r no t having the s ame l e tte r  a re 
s ign i fi c an tly di fferent P < O . O S .  
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APPENDI X TABLE A - 3  

VFA ANALYS I S  

( 2 )  Indivi dual a c i d  concentration 

Mean squares fo r the ana lys i s  of  vari ance 

Source DF A ce t ate  P rop ionate  Bu ty rate 

Pa i rs 2 1 . 8ij 7 3  0 . 1 7 7  0 . 1 790  

Tre a tment 1 0 . 6 0 2 1  0 . 1 2 6 7 *  0 . 0 1 20  

Time 4 2 .  4 9  84 0 . 2 4 0 0 * * *  0 . 3 84 6 * *  

Tr x time 4 0 . 6 3 39 0 . 0 6 0 2 *  0 . 0 0 6 6  

E rro r 1 8  0 . 4 5 2 5  0 . 0 2 0 1  0 .  0 4 35 

I s ova le rate 

0 . 0 0 0 1  

0 . 0 2 6 4 * * *  

0 . 0 0 7 8 * *  

0 . 00 3 1  

0 . 00 1 7  

"' P < O . O S * *  P<O . O l * * *  P < O . O O l  

Tre a tment means ( mM/ 1 0 0 ml . Rumen L iquo r) 

Tre a tment Ace t a te P rop i onate Buryra te I s  ov al e ra te 

Rumen 8 . 4 5  2 . 4 4 1 .  8 0  0 . 2 5 

Pos t - n.lmen 8 . 7 3 2 . 3 1 1 .  7 6  0 . 1 9 

S , E .  o f  me an 0 . 1 7 0 . 0 4 0 . 0 6  0 . 0 1 

Val e rate 

0 . 0 0 0 0 5  

0 . 0 2 8 8 * * * 

0 . 0 0 54 *  

0 . 0 0 2 6  

0 . 0 0 1 5  

Val e ra te 

0 . 1 8 

0 . 1 2 

0 . 0 1 
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APPEN D I X  TABLE A- 3 ( c ont . )  

Time me ans (mM/ 1 0 0  ml . Rumen L iquo r) 

Time Ace t ate Prop i onate Bu tyra te I s ovale ra te Vale rate 

0 7 .  5 7b 2 . 0 7 c 1 . 4  7d  O . Z Z b  O . l l c  

2 8 . 8 5 a  2 . 39b 1 .  6 5 c  0 . 2 8 a 0 . 1 9 a  

4 9 . 1 7 a  2 .  4 3b 1 .  80b 0 . 1 8c 0 . 1 4b 

6 8 . 5 3 a  2 .  3 8b 1 .  84b 0 . 2 0b  O . l Sb 

8 8 , 8 8 a  2 . 6 3 a  2 . 1 6 a  0 . 2 2b 0 . 1 6 ab 
I 

S ,  E .  o f  me an 0 . 2 7 0 . 0 6 0 . 0 8  0 . 0 2  0 . 0 2 

T re a tment - time me ans . Prop i on i c  acid  concent ration (mM/ 1 0 0  ml . 
Rumen L i quo r) 

T ime Rumen P os t - rumen 

0 1 .  9 9 c  2 . 1 S c  

2 2 . s o a  2 .  2 8b 

4 2 . 6 l a 2 . 2 Sb 

6 2 . 4 8 a 2 .  2 8b 

8 2 . 6 4 a  2 . 6 2 a  

S . l3 .  o f  me an {) . 0 8 0 . 0 8 

Me �ns paving di f f e rent l e t te rs are s i gni fi cant ly di ffe rent 
( P < O . O S ) . 
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APPENDI X  TABLE A - 4 

RUMEN VFA ANALYS I S  

( 1 )  Mo lar percent 

Mean squares fo r the analys is o f  v a ri ance 

Source DF Ace t a te 

P a i rs 2 0 . 2 2 5  

Tre a tment 1 2 3 . 2 3 * 

Time 4 1 1 . _ 1 *  

Tr x time 4 3 . 6 6 

E r ror 1 8  3 . 5 9 

* P <O , O S 

1 0 %  P <O . l O 

Tre atment me ans 

Tre a tment Ace t ate  

Rumen 6 4 . 8 

Pos t - rumen 6 6 . 6  

S . E .  o f  mean 0 , 49 

Prop ionate Bu tyrate 

0 . 2 8 1 .  0 1  

2 . 82 ( 1 0 % )  0 . 2 6 

0 . 9 8  8 . 1 1 * *  

0 . 8 5 0 . 5 6 

0 . 8 1 2  1 .  4 0 3  

**  P < O . O l 

P ropionate Bu tyrate 

1 8 . 4  1 3 . 5 6 

1 7 . 8  1 3 . 3 7 

0 . 2 3 0 . 3 1 

I s ovale rate Val e r a te 

0 . 0 6 0 . 0 3 3  

1 .  4 5 * * *  1 . 6 3 4 * ** 

0 . 6 2 * * *  0 . 2 2 0 *  

0 . 1 3 0 . 1 4 2  

0 . 0 7 6  0 . 0 6 8  

* * *  P < O . O O l  

I s oval e ra  te Val e rate 

1 .  8 7  1 .  3 5  

1 . 4 3  0 . 8 8 

0 . 0 7 0 . 0 7 
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APPENDI X A - 4  ( c on tinued)  

Time me ans 

Time Ace tate Prop i ona te Bu ty rate I s oval e r a te 

0 6 6 . l a 1 8 . 2  3 1 3 . 0 b 1 .  9 ab 

2 6 6 . 2 a 1 8 . 0 0 1 2 . 3b 2 . 1 a 

4 6 6 . 7 a 1 7 . 9 3 1 3 . lb 1 .  3 c  

6 6 6 . 2 a 1 7 . 6 8 1 3 . 7b 1 .  4b 

8 6 3 . 2b 1 8 . 7 5 1 5 . 4 a 1 .  6b c 

S . E . o f  me an 0 . 7 7  0 . 3 7 0 . 4 8  0 . 1 1 

Means having different  l e tte r s  are s igni fi c antly  
di fferent P < O . O S .  

Val e rate 

0 . 9 7b 

1 . 4 3 a  

0 . 9 7b 

1 .  0 8 a  

1 . 1 2 a  

0 . 1 1  
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APPEN D I X  TABLE A - 5 

ANALYS I S  O F  VARIANCE O F  RUME N AMMON IA AN D TOTAL VFA 
CONCE NTRAT I ON 

Exp erimental  pe r i od Pos t - experime nt a l  

S ource D F  NH 3 VFA NH3 

P a i rs 2 5 1 . 1 0  6 . 3 2 5  1 1 2 . 8  

Tre a tment 1 3 6 6 . 4 5 * * *  1 .  4 4  1 8 . 9 2 

Time 4 7 6 8 . 4 3 * * *  5 . 6 7 8* * * 1 3 1 . 2 3 * *  

Tr x time 4 9 8 . 2 1 * *  0 . 5 1 8  2 6 . 2  

Wi th in pai rs 1 8  1 9 . 79 * *  0 . 6 4 8 8 2 1 . 3 6 * 

E rror 30  7 . 0 2  1 . 1 9 0  8 .  7 
( Days wi th in 
s ub cl as s e s )  

P < 0 . 0 5 = * P < O . O l = * *  P < O . O O l  = * * *  

Means  N7fs·
-N/ 1 0 0  mM/ l O O  ml s 

ml RF RF 

( 1 )  T re a tmen t  
rumen 30 . 9 8 1 3 . 7 3  

pos t - rumen 2 6 . 0 4 1 3 . 4 2 

S . E .  o f  me an 0 . 8 1 0 . 1 5 

p er i o d  
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APPEN D I X  A - 5  ( cont inued)  

Exp e rimen t a l  P e r i od P os t - Exp e r iment al 
Time Me ans 

NH3 VFA NH3 

( 2 )  T i me 0 2 7 . 89b 1 2 . 4 l a  2 5 . 3 7a 

2 4 0 . 9 8 a  1 3 . 89b c 2 6 . BO a 

4 3 0 . 2 Sb 1 3 . 7 lb  2 3 . 3 S a  

6 2 3 . 2 6 c  1 3 . 6 7b 2 1 . 2 Sb 

8 2 0 . 1 6d  1 4 . 2 l c  1 8 . 4  7b  

S . E .  o f  me an 1 .  2 8  0 . 3 3 1 .  3 3  

( 3 ) Tre atment- time means 

Time Rumen Pos t - rumen 

0 2 9 . 2 6 c  26 . 5 3 c  

2 4 7 . 6 8 a  34 . 2 8 b  

4 34 . 0 2 b  26 . 4 7 c 

6 2 4 . 5 6 d  2 1 . 9 7 d 

8 1 9 . 3 9 e  20 . 9 4 e  

S .  E .  o f  me an 1 .  8 2  1 .  8 2  

R 2 > R4 ; P R Z > RO ; P RO ,  & P R4 > R6 ; PR6 >R8 , & PR8 

Means having d i fferent l e t te rs are s i gn i fi can tly 
d i f fe rent P < O . O S .  

Pe ri od 
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APPEND I X  TABLE A - 7  

ANAL YS I S  O F  VARI ANCE O F  RUMEN pH ( DAY 1 6  OF  EXP ERIME N TAL PERI OD) 

Me an s quare s  

Source DF 

P a i r s  2 0 . 0 39 39 9  

Tre a tmen t 1 0 . 0 0 0 0 8 3  

Time 4 0 . 0 7 1 2 9 5 *  

Trea tmen t x 
time 4 0 . 0 9 2 5 5 3 * *  

E rro r 1 8  0 . 0 1 6 1 1 2  

* P < 0 . 0 5 * *  P < 0 . 0 1 
Time me an s  

Time 

0 6 . 0 3b 

2 6 . 0 5b 

4 6 . 1 4 ab 

6 6 . 1 2b 

8 6 . 3 1 a  

S . E .  o f  mean 0 . 0 5  

Trea tmen t - time me ans 

Rumen P os t - rume n 

6 . 0 3b 6 . 0 3b 

6 . 0 3b 6 . 0 8b 

6 . 0 5b 6 .  2 2 ab 

6 . 1 4ab 6 . 0 9b 

6 . 3 8a 6 .  2 3 ab 

0 . 0 7 S . E .  o f  me an 0 . 0 7 

Me ans h aving d i f fe rent l e t t e rs are s i gn i f i c antly  d i f fe rent 
(P< O . O S ) . 



Me an squ ares 

S ource 

Tre a tme nt 

Time 

T r  x time 

E rro r 

Me an sg,uare s 

S ource 

T re atmen t  

T ime 

Tr x time 

E rro r 

* P < 0 . 0 5 
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APPEN D I X  TABLE A- 8 

PLASMA GLUCOSE 
ANALYS I S  OF COVARIANCE 

DF Ex 1 Ex 2 

1 6 . 6 3 1 8 .  6 5* 

2 36 . 4 0 *  2 4 . 3 0 *  

2 4 . 0 0 7 . 2 9 

1 1  5 . 5 4 3 . 8 5 

* P < 0 . 0 5  

APPENDI X TABLE A- 9 

PLASMA UREA 
ANALYS I S  O F  COVARI ANCE 

DF Ex 1 E x  2 

1 3 6 . 2 4 * * *  3 1 . 3 1 * * *  

2 3 . 8 9 *  6 . 5 6 * *  

2 0 . 1 2 0 . 8 5 

1 1  0 .  8 9  0 .  7 0  

* *  P < 0 . 0 1  * * *  P < 0 . 00 1  

Pos t 

0 . 3 0 

3 . 8 8 

2 . 5 9 

1 1 . 5 9 

Pos t 

8 . 5 6 * * *  

3 . 5 6 * *  

0 . 4 5 

0 . 3 7 



Me an squares 

Source DF 

Tre a tmen t  1 

T ime 2 

Tr x time 2 

E rro r 1 2  

* P <0 . 0 5 
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APPENDIX  TABLE A - 1 0  

P LASMA AMI NO N I TROGEN 
ANALYS I S  O F  VARIAN CE 

P re Ex  1 Ex 2 

2 . 8 8 4**  0 . 4 1 7  1 0 %  0 . 5 0 6 7 *  

2 . 0 9 1 * *  0 . 2 0 6  0 . 8 2 6 7 * *  

0 . 2 0 8  0 . 7 4 3 * *  0 . 2 76 1  1 0 %  

0 . 2 0 8  0 . 0 9 5  0 . 0 9 83 

Pos t 

0 . 6 1 6 0  

0 . 1 6 0 0  

0 . 0 0 0 3  

0 . 1 7 5 1  

* *  P < 0 . 0 1 1 0 %  P < 0 . 1 0 

1 0 %  



- 1 2 0  -

APPEND I X  TABLE A- l l  

MEAN SQUARES FOR ANALYS I S  O F  VARIANCE  O F  FATTY AC I D  Y I EL DS 

Source  D F  4 : 0 6 : 0  8 : 0 

Tre a tment ( TR) 1 4 . 1 2 5  3 . 5 3 4  1 . 5 4 

P e r i o d  ( P )  1 0 . 5 6 7  0 . 8 4 0  0 . 1 9 0  

Tr x P 1 0 .  4 56 0 . 0 7 1 0 . 0 1 9  

E rro r 2 0  1 .  5 9 5  1 .  4 3 3  0 . 6 0 2  

Source DF 1 0 : 0  1 2 : 0  14 : 0  1 6 : 0  

Tr 1 7 . 9 1 1  7 . 0 9 5  0 . 30 9  1 3 . 2 2 

p 1 6 . 2 0 1  1 2 . 1 4 3 0 . 5 3 2  1 9 5 . 7 9 0  

T r  x p 1 0 . 0 2 3  0 . 0 2 6  1 9 . 4 9 5  1 .  6 5 0  

E rro r 2 0  3 . 5 4 1  4 . 0 6 3  1 7 . 5 4 0  9 4 . 1 7 1 

Source DF 1 8 : 0  1 8 : 1  

Tr 1 1 1 . 8 8 6  1 6 0 . 1 6 0  ( 1 0 % )  

p 1 4 9 . 2 2 0 2 9 8 . 3 5 0  

Tr X p 1 1 36 .  2 7 4 1 8 . 5 9 0  

Error 2 0  4 5 . 8 3 5  5 2 . 6 1 5  

( 1 0 % )  P < 0 . 1 0 
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APPEN D I X  TABLE A- 1 2  

D I GE S TI B I L I TY DATA 

A .  P re l iminary pe ri od* 

Cow D . M .  Int ake Faec al  D . M .  D . M .  d ige sted  
( kg )  Excre t i on ( kg )  ( kg )  

7 1 2 5 . 0 3 30 . 4 8 3  9 4 . 5 4 2  

8 1 2 8 . 94 3 2 . 8 7 6 9 6 . 0 6 6  

7 7  - - - - - - - - - - - - - - - - - -

7 8  1 29 . 7 5 3 1 . 0 6  9 8 . 6 9 

1 0 5  1 2 4 . 0 1 3 1 . 4  7 9 2 . 5 4 

1 0 6  1 24 . 6 1 2 9 . 9 7 9 4 . 6 5 

Di ge s ti b i l i ty 

7 5 . 6  

7 4 . 5  

- - - -

7 6 . 1  

74 . 6  

7 6 . 0  

* Al l data  i s  b as ed on twe l ve days  co l l e c tion . 

B .  Expe rime ntal  pe ri od* 

Cow 

7 7  

7 8  

1 0 5  

1 0 6  

7 

8 

D . M .  I n t ake Faec a l  D . M .  D . M .  d iges ted D i ge s tib i l i ty (kg )  Excre t i on (kg)  (kg )  

1 0 9 . 4 7  2 6 . 5 1 8 2 . 9 6 7 5 . 8  

1 0 1 . 3 8  2 5 . 0 8 7 6 . 29 7 5 . 3  

1 0 1 . 1 7 2 3 . 6 0 7 7 . 5 7 7 6 . 7  

1 0 3 . 1 5 2 7 . 74 7 5 . 4 2 7 3 . 1  

1 10 . 5 4 2 5 . 9 1 8 4 . 6 3 7 6 . 6  

1 10 . 9 6 2 5 . 1 3 8 5 . 8 3  7 7 . 4  

* Al l data  are b as ed on a ten day col l e c ti on p e riod , 
excep t fo r data  for 7 8  which is b as e d  on a 
nine day per i o d . 
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APPENDI X  TABLE A- 1 2  ( cont . )  

C .  Pos t - expe rimen tal pe ri o d* 

Cow D . M .  I nt ake  Faec a l  D . M .  D . M .  diges te d Dige s tib i l i ty (kg)  excre tion (kg)  (kg)  

7 7  7 4 . 70  1 8 . 4 4 5 6 . 2 5 7 5 . 3  

7 8  6 2 . 3 3 1 6 . 3 8 4 5 . 9 5 7 3 . 7  

1 0 5  7 1 . 2 0  . 1 7 . 6 1 5 3 . 5 9 7 5 . 3  

1 0 6  7 2 . 5 6 1 8 . 5 1 5 4 . 0 5  7 4 . 5  

7 76 . 1 8 1 9 . 1 6 5 7 . 0 2 7 4 . 8  

8 7 7 . 6 4 1 8 . 4 7 5 9 . 1 7  7 6 . 2  

Al l data  i s  b as e d  on a s even day co l l e c tion peri o d .  
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APPENDI X  TABLE A - 1 3  

CRUDE N I T ROGEN BALANCE DATA 

A .  Pre l iminary P e riod* 

Cow 
N s ource s 

Fae c a l - N  

Urine - N  

Mi lk - N  

Fee d - N  

Reten t i on 

* 

7 7  7 8  1 0 5  1 0 6  7 8 

- 1 0 7 . 0  1 2 0 . 0  9 5 . 6  1 0 8 . 6  1 2 6 . 1  

- 2 3 8 . 3  1 8 5 . 9 1 8 2 . 4  2 06 . 8  1 86 . 7  

- 5 8 . 5  6 2 . 6  5 7 . 3  6 3 . 4  6 8 . 2  

- 4 5 9 . 0  44 2 . 3  4 44 . 3  4 4 8 . 1  4 5 8 . 8  

- 5 5 . 2  7 3 . 8 1 0 9 . 0  6 9 . 3  7 7 . 8  

Al l data  are from a 1 0  d ay co l le c tion  period  
and are exp re s s e d  as gN/ day for  e a ch s ource o f  
n i t rogen . 
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APPEND I X  TABLE A - 1 3 ( Cont i nued) 

B .  Tre atment (Expe r iment a l )  Pe ri od . *  

C ow 
N - s ource 7 7  7 8  1 0 5  1 0 6  7 8 

Fae c a l -N 1 3 1 . 2  1 0 1 . 6  1 1 3 . 5  1 3 5 . 4  1 2 3 . 8  1 1 9 . 6  

Ur ine -N 2 6 8 . 0  2 5 2 . 2  2 1 7 . 4  2 3 5 . 3  2 7 1 . 2  2 4 9 . 6  

M i l k - N  6 5 . 5  6 4 . 0  6 8 .  2 6 2 . 6  6 7 . 3 7 4 . 0  

Fe e d - N  5 4 5 . 8  5 09 . 0  5 1 6 . 2  5 0 7 . 9  5 5 4 . 7  5 5 0 . 0  

Re t en tion 8 1 . 1  9 1 . 2  1 1 7 . 1  74 . 6  9 2 . 4  1 0 6 . 8  

* Al l data  are from a 1 0  d ay co l l e c t i on p e r i o d  except 
fo r cow 7 8 ,  wh i ch had a 9 day co l le c t i on peri od . 
Data i s  expre s s e d  as gN/day fo r e ach s o urce o f  
n i trogen . 

C .  P o s t - tre a tmen t P e r i o d . *  

Cow 
N - s ource 7 7  7 8  

Fae c al -N 1 1 2 . 0  1 0 7 . 2  

· ur ine - N  1 9 2 . 4  1 80 . 6  

Mi l k - N  5 4 . 2  5 2 . 3  

F e e d - N  4 1 3 . 9  3 5 5 . 4  

Re tenti on 5 5 . 3  1 5 .  3· 

1 0 5  1 0 6  7 

1 0 8 . 9  1 0  7 .  6 1 2 3 . 7  

1 9 3 . 1  1 86 .  7 1 9 5 . 2 . 

5 8 . 0  5 3 . 0  5 7 . 3  

3 9 4 . 9  4 0 5 . 3  4 2 6 . 6  

3 4 . 9  5 8 . 0  5 0 . 4  

Al l data expres s ed as gN/day are b a s e d  on a 
7 d ay col le c ti on period  for a l l  cows . 

8 

1 1 5 . 8  

1 7 3 . 0  

5 8 . 1  

4 3 5 . 3  

8 8 . 4  



cow 

7 

8 

7 7  

7 8  

1 0 5  

1 0 6  
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APPEND I X  TABLE A - 1 4  

COW WE I GHTS 

D A T E 

1 . 1 1 . 6 9 1 6 . 1 1 . 6 9 

7 1 8  74 1 

7 1 1  7 2  3 

6 9 1  6 9 4  

7 9 6  79 8 

6 8 4  6 86 

6 6 8  6 9 3  

8 . 1 2 . 69 

7 5 4  

7 5 1  

7 2 8  

7 8 2  

7 0  9 

7 0 7  
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