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A BSTRACT 

The amino acid  status of  sh e e p  fed  s ilage appears to  b e  an  

imp o r tant factor  in controlling v o l untary  i nt ake . Th e bas i c  aim  o f  the  

e xperiments desc ribed  in this  t h es i s , was to  study  th e d i g e s t i o n  and  

util i s at i o n  of  s ila g e ,  in response  to  incr eased av ailability o f  

meth i onine and p rotein. T h e  t reatm e nts c h osen  to inc r ease  p r o t e i n  

avai l abil i t y ,  were  f ormal in-treatme n t  of  s ilage ( Expt . 1 ) and s up p l e-

ments of f o rmal d eh y d e-treated  c a s e i n  and a readily av ailab l e  energy  

sour c e  ( E x p t .  2 ) . Meth i onine  avail abili t y  on  untr eated  silage was 

inc r e ased by I/P inf usion  in Exp t .  1 ,  and meth ionine avail a b il i t y  o n  

all t h ree treatments was inc reased by d u o denal infusion in  E xp t . 2 .  

These  tre atments  provided  from  0 . 8  to  6 . Dg/day of  meth i onine av a i l able 

for abs orption, and from 33 to 1 67g/day  of total amino ac ids snt e r ing 

t h e  d uodenum . The  response  to i nc r eased  methionine av ailabilit y was 

meas u r ed i n  terms of  N b alanc e ,  pl asma amino ac id conc entra tion and t h e  

perc e n tage of  L -me th ioni n e-C 1 4  ( U) oxidis e d  to carbon d ioxide . 

Intake  was restric t e d  to  near  maintenanc e ,  but th e amo unt o f f e r e d  

was s eldom c ompletely  eaten . Th e r e  w e r e  no tre3tment d iff e renc es  i n  

intake  i n  E xpt . 1 ,  b ut intake of  th e bas al silage d i e t  dec r e ased i n  

E xp t . 2 .  Th is d ecr ease was partly  prevented b y  th e t w o  supplements , 

and intake was inc reased by  d uo denal inf usion  of  L -methionine o n  a l l  

treat ment s . Th e d i f ferenc es in  amino ac id intake account e d  for 67% of  

the  d if f e r ence i n  flow o f  amino ac i ds i n t o  the  duod enum in  the  d a t a  from  

b oth exp e r imen t s . I n  additio n ,  th e

a

;;::i� supplement i ncreased  t h e  

f low of  amino a c i d s  into the  d u o d e n J�� b �increas i n g the  c onv e r s i o n  o f  

non- p r ote i n-ni t r oge n t o  protein-n i trogen  in  the rumen . A n  adequate  

s uppl y  of  amino acids  to th e t i s s u e s  is required  f o r  e f fic ient u t i l i s-

ati o n  of a feed . Thus , h igh amino  aGid and water soluble  sugar 
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contents will  improve  th e nutritive  v al u e  of  silage , by inc r easin g  t h e  

f low of  amino a c i d s  i n t o  the  duodenum . 

N bal ance increased, and to tal pl asma amino acid c onc e n t r a t i o n  

d ecr�ased � i n  r esp ons� to  me th ionine  infusion on a l l  th ree treatm e n t s  

in E xp t .  2 .  Th e se resul ts su ggest th a t  methionine  w a s  l i m i t i n g  tissue 

protein  sy n th e sis . In take , was also d e c r ease d ,  b u t  to  a greater  ext e n t  

a t  lower  l ev e l s  o f  duodenal amino aci d  f l ow in  Exp t .  2. Howev e r, t here  

was no  depression  of  intake  in  Exp t .  1 ,  d esp i te l o w  f l ow rates  of  amino 

acids into  the duodenum .  Th is  appeared  t o  b e  due to  a l ower  r equi remen t 

for methio nine  in  the  sh e e p  i n  Exp t .  1 ,  compared t o  Exp t .  2 .  
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T h e  use of  d omestic animals to  prov ide resources f o r  th e h uman 

p o pulatio n h as been  a p ar� of agric ulture  for some 1 0 , 00 0  y e ar s .  

H owev e r , t h e  increase i n  t h e  world's p o p u l ation a n d  h e n c e  th e r e l at iv e  

decrease in  l and and f o o d  resources emph asise th e need  f o r  i nc r e asi ng  

the  effic ienc y of  food  production . 

R uminants make an important c o ntribut ion  to th e e f f ic ie n t  

u tilisation  of  reso urc es ,  b y  th e digest i o n  of  plant c e l l  w a l l  c ar b o

h ydrates and  b y  th e conversi on of  non-p r o t e in-nitrogen  ( NPN ) c o m p o u nds 

to meat , wool  and milk . Th e ini tial c o n v e rsion of NPN to p r o t e i n  is 

ach ieved b y  microbes in th e rumen . H owev e r , the e f f ic ienc y of m i c robial  

protein  sy nth esis in  sat isfying  th e amino acid  requirements of  

r uminant tissues h as only  rec ently  become  the  sub j ect  of  detailed  stud y. 

T h e  main reaso n f o r  th e delay  in  stud ying  r uminan t  amin o  acid requ i re

ments was t h is ability  of  the mic robes to modify d i e t ary pro t e i n . 

Henc e ,  amino  acid requirements must b e  spec ified  at a d u odenal r a t h e r  

t h a n  a dietar y ,  lev e l  for  ruminants. Th is has o n l y  rec e n tly b ecome 

p ossible , thro ugh the use of  sh e e� prepared  with re-entrant  c an n u l ae 

in  the  proximal duodenum ( Ash , 1 962 ). 

Numerous workers h av e  suggested th at meth ionine  is the  f i rst 

limi ting amino acid for  l i v e-we i g h t  gain and  wool growth o n  a v arie t y  

o f  ruminant diets ( N imric k e t  al . ,  1 970; H utton and A n n iso n ,  1 9 72; 

A rmstrong and  A nnison , 1 973; H arrison et al . ,  1 9 73 ). In  add i ti o n , 

B arry  et  al . ( 1 973 ) reported  th a t  the intake  of some silages  was 

increased i n  resp onse t o  intraperitoneal i n j ec tions of  meth ionine . 

H e nc e ,  th e availability of meth ionine  on  suc h f eeds appe ars t o  l i m i t  the  

e f f ic ienc y of  their  u t i l isat ion . 

Th is th esis will  examine the  utilisati o n  of  nitrogen  and amino  

acids,  with par tic u l ar emphasis on  meth io n ine , by  sh e e p  f e d  sil a g e , 
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alo n e , and with  s uppl ements  to  inc r ease  t h e  av ail ab i l i t y  o f  met hi o n ine  

and to tal amino  ac ids  t o  t he tissues . 
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1 . 1  rH trooen m
"
etabolism  in the r umen 
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Th e m e tab o l ism of  n itrogen  ( N ) in  ruminants h as r eceived  

c onsid erab l e  a tten t ion from  bi och emist s , mic rob iologis ts  and  n u t r ition

ists , and numerous revie ws on  var ious aspec ts of the  s ubjec t hav e  b een  

writ t e n  ( e . g. Waldo , 1 9 68 ; Smith , 1 9 69 ; A llison , 1 9 7 0 ; H e lmer and 

Bart ley , 1 97 1 ) . I n  addition , quantitative  models of  N metab olism  in 

sheep have  bae n �ro p o s e d  ( Nolan , 1 975 ; Nolan et a�. , 1 9 76 ; Mazanov  

and  Nolan , 1 97 6 ) . Thus , only  a b r ief o u tline of the  a s pec t s  of  N 

·me tabolism which are  p e r tine nt  to the p r e s e n t  exp erime nts  will  b e  giv en  

h e re . 

A simplified diagram  of the main N tr ansactions i n  she e p  is  given 

in Fig. 1 . 1 . The  main  r e ac t ions occur r i ng in  the rumen c an be  

s ummarised as  f ollows . 

A .  �-?ntering the rumen 

N may e nter  the rumen  in  th e die t ,  in  s aliva or b y  trans f e r  ac ross  

the  rumen wall . The majo r c omponents  o f  the  N fracti o ns of  h e r b age are  

ami�o ac ids , p resent ei ther as fre e  amin o  acids or  as part  of  pro tein  

molecules. Howev e r , s i l age differs  from  f resh feeds in  having  

r elatively  h igh ammonia , amine  and  amide  contents  ( H ugh es , 19 70 ) . Th e 

N ente ring the rumen in s aliva  is  als o  mainly  in  the  f orm o f  NPN , with 

urea accounting  for  60-70% o f  the total N s ecreted  ( S ome rs , 1 961 a ) . 

H oweve r ,  t h e  p r oportion  of  urea i n  total  s al iva -N is affe c t e d  b y  N 

·intake ( S o mers, 1 96 1 c ) . Somers ( 1 961 b ) h ad e arlie r s h o wn t h a t  wh i le 

d aily sec r e tio n  of  ure a-N was linearly rel ated  to N i n t ake , daily 

s ec re tion of to tal sal iv a -N did n o t  f o llow  a simple l inear rel at i ons h i p . 

S aliva  ure a-N c onc e n tration appeared to  f o llow bl ood  urea-N concentrati on ,  

b u t  n o  simpl e r e lationsh ip  b etween  these  two fac tors w as ev ident  
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( Somers , 1 9 61b i. N o l an e t  al . (1973 ) and Th ornton  ( 1 9 7 0 )  s tres s e d  t h e  

rel a t ive importance  of  s aliva-N c ompared t o  trans fer  of  urea  ac r o s s  

t h e  r umen wall . Ho upt  a n d  H oupt ( 1 968 ) f o u n d  a p o s i t i v e  l i near 

relat ionship  b e tween  ne t transfer  of  urea  across the r umen wall and t h e  

conc entration g rad i e n t  be twe e n  plasma a n d  r umen , but  o th er workers  h a v e  

r e p or ted  l imits t o  t h i s  trans fer ( Wes t o n  a n d  Hogan , 1 96 7; V e rc o e , 

1969 ) .  

B.  Protein and amino  acid d egradation 

Th e d ietary  p r o t e i n  may either be  degraded to  amino  acids , f at t y  

acids and ammon i a ,  o r  i t  may leave th e rumen  undegrad e d . Dif f e r e nc e s  

in th e rate of  ruminal f e rm e ntation of  prote ins h ave b een  r e c o r d e d  b y  

McO o n ald ( 1 952 )  and Henderic k x  and M�rti n ( 1 963 ) ,  who showed  th a t  h igh 

s olub ility  was c o rre lated w i th a rapid rate of  fermen tatio n . Th e 

s olub ility of  d ietary  p r o tei n ,  and he nce th e rate  of  r uminal degrad a t i o n  

h as b e e n  decreas ed  b y  h e at treatme n t  of  th e protein ( T agari et  al . ,  1 9 62 )  

and b y  treatment  with  tannins  o r  f o rmaldeh yde  ( Tagari e t  al . ,  1 9 6 5; 

F erguson e t  al . ,  1 9 6 7; Offer et al . ,  1 97 1 ) .  De gradation  o f  d i e t a r y  

p ro t e i n  releases  amino  acids , but  o n l y  v e r y  low  l e v e l s  of  f ree  amino 

acids have been  found  i n  the rumen ( Lewis , 1 955; Wrigh t and  Hungate , 

1 967 ) .  Amin� acids  may b e  d e aminated with release  of  ammo n i a  ( Lewis  

and  E8ery , 1 9 62 ) or as s imilated  d irec t l y  into  bac terial  protein  ( N o l an 

e t  al . ,  1 97 6 ) . Some ami no  acids  are more  rapidly  deaminat e d  th a n  o t h e r s  

( Lew i s  and Eme r y ,  1 9 62; Chal u p a ,  1 974 ) and d eamination  r a t e s  als o  d i f f e r  

w ith t h e  s train of  b ac t e r ia involved  ( Scheif inge r e t  al . ,  1 9 7 5 ) . 

Sch e i f inger et  al . ( 1 975 )  a l s o  reported  th a t  wh ile  i n d ividual s trains  

o f  bacte ria do  n o t  d e aminate all  th e amino acids , me th ionine  was  unique 

in  b e i n g  metab olised  by  all  s trains . I t  was degraded  b y  25% of t h e  

s trains  tested , a n d  s ynthesised  b y  th e o ther  75% .  I n  add i t i o n , Salisb ur y  
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e t  al . ( 1 970 ) suggested  t hat  me thionine c ould  be  s t o r ed b y  bac t e ria 

t hrough c o nvers ion to the  s u l phoxide when methionine c oncentrations  were  

relatively  high , with s ubsequent  reconversion  to methi onine when the  

meth ionine concentration  dec r e ased.  

C .  Microb ial protein synthesis  

Mic robial protein  may be  s ynth esised d i rec tly  f r om amino  ac ids o r  

f rom ammonia . There i s  s ti l l  cons ider able  d ispute  o v e r  t h e  relative  

impor tance of these precursors , w i th s ome w o rkers f av ouring synthesis 

from ammonia ( B ryant and Rob inson , 1 9 63;  Portugal and  Sutherlan d , 

1 966 ; Walker  end N ader , 1 96 8 ) whi l e  o the rs s upport  th e impor tance of  

ass imilation  of  amino acids ( Pres c o tt , 1 9 61 ; Landis , 1 963;  No lan 

e t  al . ,  1 9 7 6 ) . Various meth ods  for  measuring  the rate  o f  p rotein  

s ynthesis h ave  been proposed , and these  will  b e  discus sed  in  Chapter  2 .  

An  adequate supply  o f  e nergy  i s  also re quired f o r  e f f icient  protein  

s ynthesis , and  to  p revent  bre akdown of  pro t e in wh ich h as al ready been  

s ynth es ised. H enderickx  ( 1 9 6 1 ) s u ggested  that  breakdown  of mic r o b ial 

protein  within  the r umen migh t prov ide energ y  for p r o te in s y n th e s is 

durin�  per iods of l ow  energy  av ailabil ity . The inef f ic ienc y of th is 

proc e s s  of rec ycling of N w i th in t h e  r umen was pointed  out b y  N o l an and 

Leng ( 1 972 ) and Nolan et al . ( 1 9 7 6 ) . 

The e f fic iency  of an energy  s ource in increasing  mic ro b ial protein 

s ynth esis will  depend on  its  rate  o f  utilis ation b y  t h e  microbes , 

-relative  t o  the  rate of ammonia  r e lease from  the N s ource  ( H e lmer and 

Bartl e y ,  1 971 ) . Thus , s tarch  h as b een  found to be m o r e  e f f ec ti ve  than 

xylan , p ec tin or the simple sugars , wh ich in  turn are  more  e ffec tive  

than ce llulose  or  h emic el lu lose  in  p romoting urea  u t i l isat ion  in v itro  

( Belasco , 1 9 56 ; Henderickx and  Martin , 1 9 63 ) . Howev e r ,  d ifferences  
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e xist  between  s tarc h from d i f f e r e n t  s ources . Bloomf i e l d  e t  al . ( 1 9 58 ) 

repor ted a 98% i nc r e ase in  urea  u t il i s ation  with the  addi t i o n  of  c o rn 

s tarc h , wh ile wheat  s tarch only  p r oduced  an 8 1 % i ncre as e , and s o luble  

s tarch a 5 5% i nc reas e .  A rias et  al . ( 1 95 1 ) suggested  th a t  th e rumen 

mic r o b ial population  utilises  urea more eff iciently  i f  smal l amo unts  of  

read i l y  av ailable  e nergy s uc h  as s uc r os e  o r  s tarch are  prov i d e d ,  when  

c e llulose  i s  the  main  ene rgy sourc e .  Lewis  and  McOonald  ( 1 9 58 ) f ound 

s tarch or  g ras s levan to  provide f o r  efficient  util isation of  ammonia  

r elea s ed f r om c as e i n . Th ey  s tres s ed the importance of  a s te ady  release  

o f  ene r gy at  a rate  s imilar to  t h e  rate  of  ammonia p r o d uc ti o n .  Oj ordevic 

e t  al . ( 1 974) c ommented o n  the hi gh degree  of  plant prote i n  degradation  

�� a t  a l ow l evel  o f  distsP� energy  ( 2300koal/kg  die t ) . Th ey  f o und maximum 
a �9��6k 

p rotein s y n thes is  a t  Pff energy  l e v e l  of  2900kcal/kg d i e t . A t  h i gh e r  

energy  levels  prote i n  syn thes is d e c re as e d  again , b ut n o  adequate 

e xplanatio n  for this was giv e n .  

D. N leaving t he r umen 

N may leave th e ruman i n  the form of  microbial p r o tei n ,  die tary  

p rote i n ,  amino  acids  and other  NPN  c o mpounds . The mod ific a t ion of 

d ietary  p r o t e i n  by the m ic robes in  th e rumen decreases  the i mpo r t anc e 

o f  d ietar y ami n o  ac i d  c ompo s i tion  i n  the n u trition of  the r u minan t , and 

plac e s  more emph as i s  on  the  c ompos i tion  of  the  amino ac ids  l eav i n g  th e 

rumen . A f ter l eav i n g  the  rume n ,  n u t r ients  flow i n to t h e  omasum and  

abomas um p r io r  to  e n tering  t h e  d u o d e n um . Wh ile s ome c h anges  in t he 

nitro genous  c o mponents  of  th e d igesta  will t ake place  i n  the  abomas u m ,  

d u e  t o  lys i s  o f  protozoa  ( Be ever e t  al . ,  1 973 ) and t h e  add i t ion o f  

endoge nous s e c r e tions  ( Harrop , 1 9 74 ) , mos t  o f  th e w o r k  on i n tes t i nal 

d iges t ion of amino  acids  h as studi e d  the f l o w  of amino  ac i d s  into  the 
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duodenum. This is due to the introduction of re-entrant cannula e which 

can be ins erted in the proximal duodenum ( A s h, 1 9 62 ) . 

1 . 2 N enterinq the duodenum 

Since the introduction of duodena l re-entrant cannula e, a ttention 

has been given to the proportion of dieta ry-N in the total-N entering 

the duodenum on na tural feeds s uch as pas ture and ha y ( Hutton et a l., 

1 97 1 ; Coelh o da Silva et a l., 1 973 ; Sutton et a l., 19 75 ; Walker 

et a l., 1 97 5 ) . Ha rris on et a l. ( 1 973 ) reported a range of 37 - 8 5% of 

ba cterial-N in the total-N a t  the duodenum on fres h, dried a nd frozen 

diets . Wa lker et a l. ( 1 97 5 ) reported a ra nge of 42  - 74% microbia l 

non-a mmonia-N ( as a percenta ge of tota l N entering the duodenum) in a 

comparis on of s even pas ture and ha y diets . Proud ( 1 9 73 ) compa red total 

a mino acid-N entering the duodenum on gra s s  fed fres h, as s ilage or 

a fter drying. He recorded 1B.Bg amino a cid-N/da y entering the s ma ll 

intes tine of s heep fed dried gra s s , and only 12.3 g/day for s heep fed 

wilted s ila ge. A rms trong ( 1 9 73 ) s ugges ted that the low value for s ilage 

was .due to inefficient us e of s ila ge-N within the rumen. 

Differences in the N a nd energy compos ition of herbage, due to 

va riety a nd s ta ge of ma turity ha ve been found to ha ve a marked effect 

on the diges tion of N by ruminants ( Egan, 1 9 74 ; Ulyatt a nd MacRae, 

1 974 ; MacRae a nd Ulyatt, 1 974 ; Hume and Purs er, 1 974 ) . Increa s ed 

dieta ry-N content, a nd a high concentra tion of water s oluble ca rbohydra tes 

genera lly increas ed the yield of microbia l protein/100g OM a pparently 

diges ted in the s toma chs . However, an increas ed rate of microbia l 

protein s ynthes is is only beneficia l if the total protein entering the 

duodenum is increas ed. Thus , on diets with a high ratio of protein : 

NPN, increa s ed diges tion of dieta ry protein in the intestines ma y be 
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more beneficia l than increas ed rumina l diges tion. 

Cha lmers and Synge ( 1 954 ) s tudied the effect of duodenal 

supplementa tion of protein on the efficiency of N utilis a tion. They 

found differences between different protein s ources , s ugges ting tha t 

the quality of protein entering the duodenum ha d a n  importa nt effect 

on N meta bolis m in the anima l. Thus , cha nges in the balance of dieta ry 

and microbia l protein entering the duodenum might be expected to a lter 

the qua lity of protein a va ila ble to the a nimal. However, the es s entia l 

amino a cid compos itions of herba ge a nd microbial protein a re s imilar, 

and t hus the amino a cid compos ition of duodenal diges ta from s heep fed 

different herbages is als o  s imila r
. 

( Clarke et al., 1 966 ; Hoga n a nd 

Wes ton, 1 9 70;  Ma cRa e et a l., 1972 ; Ha rris on et a l., 1 9 73 ; Ulyatt 

et al., 1 9 7 5 ) . Microbial protein does ha ve a higher content of 

methionine a nd lys ine th a n  herbage, a nd th e concentra tions of thes e 

amino a cids have been s hown to increa s e  on diets s upporting a high rate 

of microbia l protein s ynthes is ( Coelho da Silva et a l., 1 9 72 ; Ha rris on 

et al., 1 97 3 ; Ulyatt et a l., 1 9 7 5 ) . However, Poley and Trenkle ( 1 963 ) 

and Sch elling ( 1 9 68 ) did report differences in duodenal a mino a cid 

compos ition where the feed protein was very different in compos ition to 

microbia l protein. 

The quality of protein a t  the duodenum will depend on its capa city 

to fulfill the metabolic requirements of the anima l, but s ince few 

individua l a mino a cid requirements for rumina nts have s o  fa r been 

determined, any definition of a high qua lity protein ca n only rela te to 

monoga s tric anima ls . However, pork and mutton amino a cid compos itions 

are s imila r ( USD A ,  1 9 68 ) which s ugges ts that the proportions of a mino 

acids required for tis s ue protein s ynthes is by pigs a nd s heep a re a ls o  

s imilar. Hence, a protein which is of a high qua lity for pigs , would 
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p res umably a ls o  be of a high qua lity for ruminant tis s ue protein 

synthes is , when s upplied at a duoden a l  level. 

1.3 A min o a cid meta bolis m with in the a n ima l 

A .  I n troduction 

9 

The meta bolis m of in dividua l a min o a cids has been s tudied in 

cons idera ble deta il s in ce th e work of Ros e ( 1938) s h owed tha t a dieta ry 

s upply of leucin e, is oleucin e, valin e, lys in e, methion in e, phenyla la n in e, 

tryptopha n ,  threon in e, his tidin e a n d  argin in e was required for optimal 

growth, or the ma in tena n ce of N ba la n ce in ra ts . Thes e a min o a cids 

have genera lly been referred to a s  the "es s en tial a min o a cids ", s in ce 

t heir requiremen t for protein s yn thes is ca n n ot be met by mammalian tis s ue 

synthes is . This cla s s ifica tion of ess en tia l amin o a cids led to the 

adoption of the term "non-es s en tial" to refer to a min o a cids which coul d 

be s yn thes is e d a t  a rate s ufficien t to meet the requiremen t. However, 

Chris tens en ( 1 964 ) poin ted out tha t "es s ential" amin o a cids were on ly 

of prime importa n ce when in s hort s upply, a n d  s ome of the "n on-es s en tial" 

amin o a cids pla y more domin a n t  roles in meta bolis m. Harper ( 1974) 

s ugges ted that "dis pen s a ble" a min o a cids was a more a ppropria te term 

than "n on -es s entia l", a n d  he referred to the N of th es e amin o  a cids a s  

"n on -s pecific "-N. 

It has been kn own for more tha n twen ty yea rs th a t  rumin a l  micro

orga n is ms could s yn thes is e the ten es s en tia l amin o  a cids ( Loos li et a l., 

1949). Tis s ue a min o a cid metabolis m in the rumin a n t  was a s s umed to be 

s imila r to that of monogas trics , un til Oown es ( 1961) verified tha t n in e  

o f  the ten a min o acids es s en tial for rat growth could n ot be s yn thes is ed 

by rumin a n t  tis s ues . However,s ome s yn thes is of a rgin in e did take place. 

Since then , pos trumin a l  a dmin is tration of amin o a cids has con firmed 
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s ome of  th e assume d  s imilarities  between  ruminants and monogas tr ic s . 

However , s pecies  d i f f e r e nces  do exis t .  Res ults f rom monogastric  

s pec ies other  than  the  rat , indicate  that  die tary glyc ine  may be  

required  b y  the  c h i c k  ( McOonald et  al . ,  1969),  wh ile  d i e tary  arginine  

may  not  b e  nec e s s a r y  f o r  h umans ( I rwin  and  Hegsted , 1971).  

Thus  i t  is  app aren t  that  f alse  assump t ions may  b e  made by  e x tra

·polating  res ults  f r om o n e  spec i es  to  anoth e r .  Howev e r ,  owing  to  t h e  

l ac k  of  d a t a  on  ruminant  amino ac id metab o l is m , t h e  f o l l ow i n g  d i s c u s s i o n  

w i l l  inc lude  r e f e r e nces  to  mono gastric metab olis m .  

B .  F ac tors  affec t i ng c o nc en trations of  amino ac ids in plasma 

Th e c o ncentrations  of  individual amino ac ids in pl asma are  the  n e t  

r e s u l t  of  i nputs s uc h  as intes tinal a b s o r p t ion  and tis s ue p r o t e i n  b reak

down,and u t ilisation  f o r  tissue  protein  s y n th esis and m2tab o l ic 

r eac tions . Th e relative rates of  th ese reac tions are affec ted  b y  many 

f ac tors , which c an be b r o adly  c l assified  i n t o : 

( 1 )  ph ysiological , 

(2) nutritional . 

(1) Phys iol ogic al f actors : Metabolis m  of amino ac ids  by th e l iv e r  and 

uptake of  amino ac ids by the  indiv idual t i s s ues fo r protei n  s y n th es is , 

r esults in  d i f f e r e n t  co nc entrations of  f re e  amino acids in b lood  s amples  

taken  from  various parts  of  th e body  ( Re i l l y  and  Ford , 1971; Wol f f  

e t  al . ,  1973).  Th us  c o ncentrations  in  p o r t al plasma are  h igh , wh i l e  

th o s e  o f  j ugular o r  carotid  plasma a r e  l o we r .  Dif ferenc es w i t h i n  blood , 

b e tween p l asma-free  and c el l  amino ac id c oncentrations  h av e  also  b ee n  

f o und  ( Bur ac zews ka  e t  al . ,  1972) indicating eith e r  d i f f e rent  rates  of 

metabolism  b e tween  the two c ompartmen ts , o r  s elec t i v e  uptake  by th e 

c el l s . A d i s t inction  s h ould also  be  made  b e tween "f ree" and p r o t ein

b ound amino  acids.i n  the plasma . Th e fol lowing discuss i ons  will  r e f e r  
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to f ree  pl asma amin o  ac ids  unless  oth erwise  s pec i f i e d .  

T h e  u tilis ation of amino ac i d s  by  t h e  t issues  i s  markedly  affected  

by  the  ac t ion of  hormones  ( Harper , 1969; Munro and  Portugal , 1972) 

s inc e certain h ormones c an i nfluenc e :  

( a ) the rate  of protein synthesis  and metabolic i n t e r ac tions within  t h e  
t issue , 

( b) the rate  of upta ke of amino acids by th e tiss ues , 

( c ) the rate  of prot ein degradation , 

( d ) the rate  of synthes i s  of non-essential amino acids  within th e tissue  
( Munro and Por t u gal , 1972). 

Mos t attention has bee n  given  to the e f fects of g rowth hormone , 
• 

th yroxine and insul i n  (Munro , 1964; Harper , 1969; C ahill  e t  al . ,  

1972). Growth hormone and  i nsulin inc reased  prote i n  s ynth e s is , thus 

i nc r e asing the utilis ation of amino ac ids f rom the pl asma , and h ence 

dec r e asing their  concent ration . Thyroxine c aused  loss of body protei n ,  

w ith release  of amino ac ids  into t h e  plasma , inc reasing  pl asma 

c onc entr ations . 

Differenc e s  in the rate  of uptake of individual  amino ac ids by the 

t iss ues as a .r esult  of age  of an a nimal migh t also be expec ted  t o  affec t 

plas m a  ami no ac id  c onc e n trations . Olt j en e t  al . (1969) f ound  marked  

s ex and  age  dif ferences  in  the  plasma amino ac id  conc e n t r a t ions of 

calv es , wh ile Oav ey  et al . (1973) found  s ignific ant  age e ff e c ts onl y  

· i n  l e ucine  and lys i n e  conc e n trat ions . Howev e r ,  dif f e r i ng rates  of 

grow th be tween animals of s imilar age hav e been s hown to a f f ec t  plasma 

amino acid conc entrations ( Wind els  et  al . ,  1971; Baling  et  al . ,  1972). 

Total  plasma amino acids  were  negativ ely  correlate d  w ith live-w e igh t 

gain . 
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(2) Nutritiona l factors: The a bsorption of a mino a cids into the blood-

strea m would be expected to a ffect plasma con centra tions, but some 

cha nges occur due to utilisa tion of amin o  a cids by the gut tissue 

( Hume et a l . , 1972; Wolff et a l. , 1973). A daptation to high in ta kes 

of individual a mino a cids ha s a lso been reported, sin ce initial 

respon ses disappea red with continuous infusion of the a mino a cid. 

However, repea ted administration of methionin e led to persistent cha n ges 

in the pla sma a minogra m ( Synderman et a l., 1968). The effect of cha nges 

in total protein intake would a lso be expected to a lter plasma a min o 

a cid concen trations, a nd n umerous workers ha ve reported increased plasma 

a min o a cid concen tration s in response to increa sed in take in mon oga strics 

( Win dels et al., 1971; Oavey et al. , 1973; Itoh et a l., 1974). 

I n creased plasma amin o acid concentrations in response to increased 

a bsorption of prot8in in ruminants ha s a lso been recorded, with the 

change in essen tial a mino a cid concentrations being grea ter tha n that of 

dispensable amino acids ( A mos et a l., 1972; Potter a nd Bergen, 1974). 

Evidence for protein synthetic mecha nisms ada pting to the supply 

of a mino a cid substra tes has been reported for mon ogastric anima ls 

( Mun ro, 1969; Clemens, 1972; Wa n n emacher, 1972) but this response ma y 

be mediated by a hormonal response to diet. A decrea se in cata bolism of 

liver proteins a ppea rs to occur in con dition s of protein deficien cy 

( Stephen a nd Waterlow, 1966), a nd Wa terlow ( 1969) proposed tha t protein 

homeostasis is the result of the bala n ce between ra tes of cata bolism 

a n d  syn thesis of body protein. 

The ra te of protein syn thesis in monogastrics is stimulated by a n  

increa se i n  ca rbohydra te inta ke, with a con sequen t decrea se i n  plasma 

essentia l a min o a cid concen tra tion s ( Mun ro a n d  Thomson , 1953; Swen dseid 

et a l., 1967). A simila r respon se to
. 

intraven ous a n d  intra-arterial 
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energy in fus ion ha s a ls o  been reported for sheep ( Potter. et a l., 1 9 68 ; 

Es kela n d  et al., 1 9 74 ) with differing res pon s es to different energy 

s ources . Glucos e res ulted in th e greates t decreas e in plas ma es s entia l 

a mino a cid con cen tra tion, followed by propion a te, a cetate a n d  butyra te 

res pectively. Es kela n d  et al. ( 19 74 ) reported a clos e correla tion 

between decreas ed es s en tia l amino a cid con cen tration a n d  increa s ed N 

bala n ce va lues , s ugges tin g tha t the decreas e  in plas ma a min o a cids 

res ulted from in creas ed protein s yn thes is . Th ey s ugges ted that, s in ce 

different tis s ues meta bolis e each energy s ource at a differen t  rate 

( Mayfield et al., 1968),  glucos e a n d  the volatile fa tty a cids would 

s timulate protein syn thes is to a differen t degree. 

The effect of energy in s timula ting protein s yn thes is may occur . 

th rough a reduced requiremen t for glucon eogenes is , an d hence th e releas e 

of amin o a cids for protein s ynth es is . Since very little glucos e, per s e, 

is a bs orbed from th e rumin ant diges tive tract ( Lin ds a y, 1 9 70 ) , 

production of glucos e from propion ate a nd amino acids is es s en tial. 

Bergma n et a l. ( 1 970 ) ha ve s hown tha t only 20 to 4 0% of the daily 

g lucos e production was obtained from a bs orbed propion a te, although both 

Bergman et a l. ( 1 970 ) and Len g et a l. ( 1 967 ) s howed tha t 50% of 

g lucose ca rbon could come from propion a te durin g periods of pea k rumen 

fermentation . Wolff a n d  Bergman ( 1 9 73) reported between 1 1  a n d  30% of 

g lucos e bein g derived from pla s ma amino a cids in fed s heep. Reilly a nd 

Ford ( 1 97 1 ) reported a n  a pproximate va lue of 28% of glucos e derived 

from a min o a cids . They a ls o  found a n  increas e in total glucos e 

production rate, a n d  in glucos e production rate from a mino a cids , in 

res pon s e  to an in crea s ed rate of amino �cid a bs orption. Thus , a mino or 

orga n ic a cids could be expected to make a n  importan t  con tribution to 

g lucon eogenes is , particularly during fas tin g, or on n ea r-mainten a n ce 

intakes . 
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Fig. 1 .3 convorsion of methionine to cysteine 

� Protein 

� f'1ETHIONI NE � 
ATP 

� 
s-adenosyl methionine 

Transmethylation 

reactions 

------------�CH3 

L-HDr·10CYSTEINE � 
'*"* I k--- Serine � 
CYSTATHIONINE 
*-)(··X· 

V 
CYSTEINE + cl.-I<ETOBUTYRIC ACID + 

1 
TAUR WE 

\/' 
s-adenosyl homocysteine 

* enzymes are N5-methyltetrahydrofolate homocysteine 

methyltransferase and betaine-homocysteine methyltransferase 

** enzyme is cystathionine synthase 

enzyme is cystathionine 'd -lyase 



14 

1 . 4 Metabolism o f  S -contain ing amino  ac ids  

Meth ionine  and cys t( e ) ine  are th e �ain S-amino ac ids wh ich occ u r  

�rm� 
natu r ally i n  proteins . C ystine  is inssr�sratod in� p r ote i n  b y  

o xidation o f  th e th iol  group o f  cys te ine.  Th i s  le ads  t o  th e f o rmatio n  

o f  d i-sulp h ide b ridges  betwee n  prote i n  chains ( Mah ler and C o r d e s , 1 9 7 1 ) . 

Meth i o nine h as a fiv e carbon  ( C ) structu r e  ( Fig .  1 . 2a ) which  c annot  b e  

s ynth esis e d  by  m ammalian tissue . C ys tein e  h a s  only th ree  C atoms  

( Fig . 1 . 2b ) and  can b e  synth e s ised  f rom meth i o nine . Th e path way  f o r  

cyste ine  s y nth es is  f r om meth ionine  inv olves th e following s teps  

( Fig .  1 . 3 ) : 

( 1 ) a n  initial tr ans meth ylation  reaction, with activ ati o n  o f  methionine  

to  S-adenos yl meth i o nine ( catalys ed  by  methion ine adenos yltr ans f e rase ) , 

followed b y  th e f ormation of L-h omoc ysteine , 

( 2) homoc y s teine  the n undergoes  an i r r ev e rs ible reaction with serine , 

t o  form c y s tath ionin e , wh ich contains two amin o  groups ( Fig . 1 . 2c ) 

( catalys e d  b y  c y s tath ionine  s ynth as e ), 

( 3 ) cystath ionine  is th en conv erted to c yste i n e , with loss o f  o n e  

molec ule o f  ammon i a ,  and f ormation o f  �-ketobutyric ac i d  ( catalysed  b y  

cystathionine  -�- l y ase ) , 

( 4 ) o xidation o f  cys teine  to cystine ( Fi g .  1 . 2 d ) may  ta ke  p lace , 

(5) c o nvers ion  o f  cysteine to taurine  ( Fig .  1 . 2e ) i s  an alte rnative 

r eaction f o r  c ys tein e .  

While detai led  s tudi e s  o n  th e enzymes  r e gulating th ese  p athw ays relate 

mainly to r at liver  p reparations , th e s e  e nz ym e s  have als o b e e n  f ound in  

the  tissues of  r uminants ( Mudd et al. , �965; Radcliffe and Egan , 1 9 74 ) . 
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A. Metabolis m bf methion ine 

Methion ine is required for three main functions :  

(1) protein s yn thes is ,  

( 2 ) con vers ion to S-aden os yl methion ine, which is the dominant methyl 

group donor in biologica l s ys tems , 

( 3 ) con vers ion to cys tein e via cys ta thionin e. 

The dis tribution of methion ine between thes e functions will depen d 

on the ava ila bility of other a mino a cids . Thus , as protein intake 

i ncrea s es ,  the a bs olute requirement for methion ine for protein s yn thes is 

a ls o  in creas es .  However, the percenta ge requiremen t for methionin e 

d ecreas es ( Gra u a nd Ka mei, 1 950 ) . This decreas e  is pres umably due to 

the requirement for protein s ynthes is in crea s ing a t  a greater rate in 

res pons e to increas ed protein inta ke, than the extra -protein function s 

of methionine ( i . e. 2 a nd 3 a bove) . The level of cys tein e in the diet 

has als o been s hown to a ffect methionine requiremen t. This was firs t 

d emons trated by Woma ck a n d  Ros e ( 1 941) who s howed a "methion ine s pa ring" 

effect, wh ereby cys teine could pa rtially repla ce the dieta ry methion ine 

in maintain in g the growth ra te of rats . Womack et a l. ( 1 953 ) foun d a 

s imila r "meth
.
ion ine s pa ring" effect of cy s tein e when mea s urin g require

m en ts in terms of N ba la nce, but no effect on methion in e requiremen t by 

a n y  other dis pen s a ble a min o acid was apparen t. 

B. Regulation of methion in e meta bolis m 

The con vers ion of methion in e to cys tein e in volves the forma tion of 

homocys tein e, prior to its con vers ion to cys ta thion in e ( Fig. 1 . 3 ) . 

Supplementa tion of low methion in e diets with cys tein e has been s hown to 

d ecreas e  the concentration of cys ta thionine s yn tha s e  in the liver, while 

the con centra tion of beta in e-homocys teine methyltran s fera s e  was 
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unaffected  ( F i�kels tein  and l'ludd , 1 967;  Shannon e t  al. ,  197 2 ) . 

b etaine-h omoc ys teine meth yJ. trans f e ras e  is  one  of  two  e n z ymes which 

c at a l y s e  re-meth ylation  of  me thio n i ne from  h omoc y s t e i n e  ( F i g . 1 . 3 ) and 

th e above  result  would s ugges t an increased recyc l i n g  cf h�mo c y s t eine  

to  m e t h io nine ( 1 b ,  F i g .  1 . 3 ) . Th e relative  decreas e  in  c ys t a th i o nine  

s ynthase  would  dec reas e th e p r op o r tion  of  methionine  converted  to  

c ys teine , and thus explain  the  "me th ionine  s paring" effect  of  c ys teine . 

Finkels tein  and Mudd ( 1 9 67 ) h a d  s u ggested  that  me t h y l a t i o n  o f  

5 
h omoc y s t e ine  b y  N -meth ylte t rahydrofolate  ( N-mTHF ) w as n o t  v er y  

importan t , a n d  th erefore  did  n o t  a s s a y  this enzyme . H owever , i n  a later  

paper  ( F i n k e l s tein  e t  al . ,  1 97 1 ) t h e y  conc luded that  N-mTHF  activ ity  was 

s ignificantly  affec ted  b y  d i e tary metaboli tes and c ould  c o nt ribute  to 

regulation  of  meth ionine  metabolis m .  F inkels tein et al . ( 1 97 1 ) found  

that  h igh protein  d iets  c aus e d  d ec reased s ynth esis  o f  this  e n z yme , and 

C ello  and F inkelstein  ( 1 9 75) r ep o r ted an inc reased s yn th e s is of  N-mTHF 

e n z yme in response  to low p r o tein  diets . Th is s u gg e s ts an e f f ec t  of  

protein  i n  dec reasing meth ionine  r e generation  during h igh av ailab ility  

o f  amino acids . 

Th e response  o f  liver  e n z ymes to amino ac id s up p l y  h as mainly  been  

s tudied  us ing  in v i tro  p rep ara tions , h owev e r , is o t o p es h av e  been  used  

f o r  in  v i v o  s t udies on  the  regulation  of methionine  me tabolism . Edwards 

et  al . ( 1 963 ) found  that  c o ns id e r ablE rec yc ling o f  methionine c an occur  

in  t h e  liv e r ,  s ince v e r y  l i t t l e  label from  methionine-C H
3

-
1 4

c was 

· i nc orporated  into  tissue p r o t e in . Th e y  s uggested t h a t  approximat e l y  

h alf  of  t h e  methionine  entering  tissue  p r o t e i n  firs t underwent  t rans-

meth ylation  r e ac tions , regaining  a me thyl group from endogenous  

meth i o n ine . A high percentage  of  the  meth yl label  w as recovered  in  the  

l iv e r ,  bec aus e some  of  the  m e th yl gro ups d onated b y  m e th ionine  are  

likely  to b e  used  f o r  th e s yn th es i s  of  choline  and c reatinine  ( S t e ko l  
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e t  al . ,  1 9 58 ) . Fin kels tein and Mudd  ( 1 9 67 ) also  found  a d e c reas e  in the  

c bnc e ntrat ion  o f  me thio nine ac tiv ating  enzymes in the liv e r  of  r ats fed  

diets  low in me thio nine . Th ese e n z ymes are invo lved  in  th e initial 

formation of S-adenosyl meth ionin e , which  ac ts as a methyl  donor� 

Fin k e ls tein and Mud d  ( 1 9 67 ) sugg e s te d  t h at these changes  in enzyme 

c onc entrations regulated  the dis tr ib utio n  o f  methionine b e t ween protein 

s ynth esis and t ransmeth ylation. 

C .  Meth io nin e  as a donor  of  meth yl groups and sulph u r  

Th e relativ e importance o f  th e extra-p r otein func tions of  

meth io nine , c ompared  to thos e of  o th e r  amino ac ids , was shown by A guilar 

e t  al . ( 1 9 72 ) wh o s tudied  the  e f f ic iency  o f  utilis ation o f  th e essential 

amino 2c ids in rats . They  f ound t h at labell ed m e th io n ine gave t h e  

lowes t val ues f o r  incorpo ration in to tis s ue protein ,  and t h e  hig h e s t  

p erc entage oxid atio n , wh e n  f e d  at a giv e n  proportion  o f  its requ irement . 

A c omparis o n  o f  th e meth yl-and c arboxyl-lab e lled is otopes o f  methionine 

s h owed a h igh e r  perc entage oxidat ion  of the  carboxyl- than the me th yl-C . 

I n  addition ,  h e avy  l abelling of s e rine f r om meth yl-lab e ll e d  meth ionine  

indic ated th� impor tanc e o f  meth ionine  as a methyl group  d onor ( A guilar 

e t  al . ,  1 9 74 ) . 

Me th ionin e  als o  ac ts  as a s ource  of  S f o r  th e s yn th e s is of o th e r  S

c ontaining organic c ompounds ( Fig . 1 . 3) . R e is et  al . ( 1 9 73 ) reported  

inc r e ased  plasma c o ncentratio ns o f  me th ionin e , c ys tine , tau r ine and 

.c ys tathionine in response  to abomas al inf us ion  of methionine in s h e e p . 

Howev e r ,  T ao e t  al . ( 1974 ) d id n o t  o bserve  any signif ic an t  inc r e as e  in 

plasma c ys tine af ter  methionine inf us ion  int o  the jugular v e in o f  s heep . 

Sheep  plasma-f ree c ys tine c o ncentrations h av e  general l y  b e e n  found to  b e  

low : 0 . 1 4  - 0 . 48 mg/1 00ml plasma ( Wil liams et  al . ,  1 97 2 ; T ao e t  al . ,  

1 974 ) , and were  not  inc reased  by inf u s ions o f  large  amo unts  of  c ys tine  

(Reis et  al . ,  1 973) . This s ugges t s  t h at t h e  sheep  is ab le  t o  remove  
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large amou nts o f  c ystine from the plasma qui te rapidly. Th is may be  

partl y  due  to rapid  binding of c ystine t o  plasma pro t eins which can 

later b e  released as required ( Oownes,1961 ) . Part o f  the increased 

cystine l o ad appears to be c o nverted to taurine, sinc e taurine 

concentration increased marke dly in response to c ystine  inf usion . 

H owever, t h e  increase i n  taurine in response to meth io nine infusion was 

l ess marke d, indicating that the  sh eep was u nable  to rapid l y  c onv ert 

excess met h ionine to cystine ( Reis et al., 1973 ) . Reis et al . ( 1973 ) 

suggested that the c onv ersion of meth ionine  t o  c ysteine  was limited b y  

decreased availability  o f  serine ( reac tion 2, Fig. 1. 3 ) since  p lasma 

conc entration of serine decreased with methionine infusion. 

, 
While  the conv ersion of meth ion{ne to  c ysteine is imp ortant for  

the  synth esis of  wool  protein, only  one  specific physiological function  

of  taurine has been rec orded. Taurine is k nown to  c o njugate with b ile  

acids, wh ich are important in the intestinal absorpt i o n  of fat 

( Jacobson and Smith , 1968 ). Taurine was shown to be present  in m ost 

organs of the b ody ( Sturman, 1973 ) , but suppl emental taurine giv e n  to 

humans, was largely  exc reted in the urin e  ( sturmar1 et al., 1975 ). 

Whittle and Smith ( 1974 ) sh owed that taurine synth esis was increased b y  

S restric t ion in  rats, b u t  the add itional taurine was also largel y  

e xcreted i n  th e urine.  

D. Influence  of me thionine on the  plasma c oncentrations o f  oth e r  amino 

ac ids 

The effec t of p lasma infusio ns of meth ionine on the  c onc entrations 

of o th er amino acids in the plasma has b e e n  studied b y  a n umber o f  

workers. While th e response measured,largel y  depends o n  the  quantity 

and quality  of  dietary protein available  to the animal, some spec i f ic 
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ac tions  of  metn ionine  are apparent . Thus,  an inc reas e d  c onc entration  

o f  � -aminobutyric  ac id, i n  r esponse t o  meth ionine infus ion, is  

though t to  indicate s ynth esis of  this amino ac id f rom meth ionine, and 

s ome e v idence  o f  th e rev e r s e  r eac tion occ urring in rats has also b een  

pres e n ted ( Synderman et  al . ,  1968; Edwards e t  al. , 1 972 ).  S ynderman 

e t  al . ( 1968) also repo r t ed dec r eased  plasma c o ncentrations o f  the  

b ranch ed c hain amino acids  ( valine, is oleuc ine and leuc ine ) , tyros ine 

and ph enylalanine  in response  to meth ionine  in rat s .  H owever,  Canolty 

and Nasset  ( 1975 ) sh owed inc reased  plasma leucine and isoleuc ine and 

dec reased h istidine and th reonine . Work with s heep  and lambs has s h own  

decreases i n  plasma c onc e ntrations of th reonine,  glycine, lys ine,  s e r ine,  

glutamic acid, valine,  leucine  and is oleucine  ( Sch elling,  1968; Re is  

and  Tunks, 1971; Reis  e t  al . ,  1973; Tao e t  al . ,  1974 ) .  H owever, the  

quantity  and quality o f  p r otein  available t o  the  animal will also affect  

plasma amino  ac id  concentrat ions, and exp ressing  i n d i v idual amino ac ids  

as  ratios t o ,  o r  percentages o f  other  amino ac ids may b e  more  meaning

ful.  Thus, Papas et  a l .  (1973) reported t h e  effect  o f  o ral and 

abomasal s upplements of meth io n ine  in te rms of plasma me thionine : valin e  

ratios . These  were unaf f ected  b y  oral me th ionine, o r  MH A ,  wh ile 

abomasal infusio n  s ignificantly inc reased  the  methionine : valine ratio . 

1 . 5  A mino acid requi rements of ruminants 

Knowledge of th e n ut rient  requirements of an animal enables the  

provis ion o f  nutrients  t o  b e  o p timised, b e tween  maximum production  and 

economic i n put � Qualitative  ass essment  o f  the amino acid ( s ) mos t 

likel y  to limit produc tion  may lead to  uncontrolled  s up plementation  o f  

a d i e t  and th is may lead t o  pro blems of toxic i t y .  Th us,  quantitative  

assessment of requirements  is  neces sary f o r  e ffic ient  animal produc t i o n .  

Wh ile the amino acid requirements of  non-ruminants hav e  received  
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c onsiderable  attention ( e. g. A . R. C . ,  1967 ; I rwin and Hegste d , 1971) 

the  capaci t y  o f  the rumina+ mic ro-organisms to utilise NPN in  the  

synthesis o f  amino  acids ( Loosl i et  al. ,  1949) negates th e relevance o f  

die tary amino ac id requirements f o r  ruminants. Henc e ,  some. knowledge 

of  the  amino  acids available  f or absorp t ion , is a pre-requisite for the  

assessment  of requirements. Th is has only  been ach ieved  rec entl y ,  

through th e use o f  sheep  prepared with re-entrant cannulae i n  t he  

proximal duodenum and terminal i l eum ( Brown et  al. , 1968). I nterest i n  

th e assessment o f  amino ac id requireme �ts  for ruminants h as also been  

stimulated b y  rec ent work on the  manipulation  of rumen f ermentation.  

Three  main meth ods have  been used f or c ontrolling the quantity  and 

quality o f  pro tein entering the duodenum : 

(1 )  nutrient  b y-pass of  the rumen ,  using the oesophageal-groov e reflex  

(%rskov and Benzie , 1969) ,  

( 2 )  pro tec tion  of  proteins from microb ial attac k ,  e. g. b y  reac tion  with 

formal deh yde  o r  tannins ( Tagari et al . ,  1965 ;  Ferguson e t  al . ,  1967 ; 

O ffer  et al . , 1971) ,  

(3 )  promotin�  natural fac tors wh ich  decrease microbial attac k ,  e. g. 

increased f l ow out  of the rumen. 

Thus ,  a quantitativ e assessment  of the amino acids required f or  

metabolism b y  ruminant tissues ,  is essential to  maximise post-ruminal 

pro tein utilisation. 

Definition  and classification  of t he  amino acids i n t o  essential 

· and dispensable , has been  discussed above, and b e tween spec i es differences 

i n  amino ac i d  metabolism were also considered . Wh ile th e requirements 

for  essential amino ac ids must be  individually  speci f ied , t he  non

spec ificity  of d ispensable  amino  ac ids allows for  their requ irement  to  

be  stated  solely  in  terms of  N and C .  H e nc e  only  th e requ iremen ts for  

essential amino acids will  b e  discussed below. 
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A. R espons e to amino  ac id imbalanc ed d iets  

Harper (1964) d ef ined amino ac id imbalance as "a c hange in  t h e  

proportions o f  amino ac ids in a diet, wh ich  res ults in  a depress ion in 

food intake or growth rate, that can b e  c ompletely prevented b y  a 

s upplement of th e indispensable amino acid  pres ent in leas t  amount  in 

th e diet in relation  to the amount required for optimum growth ". This  

d e f inition ignores any c hange in th e proportional requirements f or amino 

ac ids, in response t o  diff ering levels  o f  protein intake. The  

metabolism of  methionine has  b een sh own t o  change with increas ing 

availability  ( F inkelstein e t  al . ,  1971; Aguilar e t  al . ,  1974) .  In 

addition, Peng e t  al. (1975) reported that intake depression in rats f e d  

amino acid  imbalanc e d  die ts, increased with increas ed ov erall pro t e in 

s ynthesis. Henc e ,  d isc ussion of  amino acid imbalanc e in the  pres ent 

work, will ass ume th e definition of Harper (1964 ),  with an additional 

Qrov iso  that amino acid imbalance may aris e in response to a change in 

th e rate of tissue  protein s ynthesis and/or the level  of prptein 

availability. 

Harper e t  al . (1970 ) sh owed th at  d ecreased v oluntary intake and 

growth rate in rats res ulted  from the addition of some amino ac ids to  a 

l ow protein diet . The  addit ion of  th ese  amino acids decreas ed  t h e  

perc entage of  th e f irst limiting amino ac id  in t h e  d i e t .  A d d i t i on  of 

th is amino ac id res tored the balanc e, and t h us inc reased  intake. Wh ile  

various theories on th e mechanism  of t h e  in take ·response to  amino acid 

imbalance d  diets hav e  b een proposed , no one theory has yet  b een 

acc epted. S imson and B ooth (1974) sugge s t e d  that the dele terious  effects 

of  a diet  l ow in h is tidine , c ould initial l y  be  buf f ered b y  th e 

utilisation of  h is t idine from endogenous protein, b u t  this would  later 

acc entuate the  defic ienc y response to a h i s tidine-free  d ie t .  S imson 

and B ooth (1974) als o  s ugges ted that b i o c h e mical changes in response t o  
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an imbalanced diet occ u r  within 2h of _ its ingestio n ,  and th ese ch anges 

were  involved in later  c o nditioned rejec tion of  the diet. P e ng and 

Harpe r ( 1969) showed that changes in liv er  c oncentrations of  amino acids 

w e re not  responsible  for decreased in take of imbalanc ed diets ,  sinc e ,  

wh ile  liver  tryptophan c o ncentration decreased on  a tryptophan

defic ient  diet , liver  th r eonine c onc entration inc r eased on a th re onine

deficient diet. I n take decreased in b oth c ases. 

Noda  ( 1975) proposed that b lood ammonia levels regulated  th e 

intake  of  amino acid imbal anced  diets , b ut  f urther  proof  is still 

r equired. Noda ( 1975 ) h ad suggested that detoxification o f  ammonia 

p r ior  to its entry  into  the  urea  cycle  c ould  be a rate-limiting step ,  

and  thus increase th e c o ncentration of  ammonia in th e b lood. Prior  

e t  al. ( 1975) did find a th ree  to  four  fold  increase in b l ood  urea  

d uring the  feeding of an amino acid imbal anced  diet. 

Rogers and L e ung ( 1973) implicated  the prepyriform cor tex  and 

medial amygdala  of the  b rain in monito ring the  fac tors responsible  f o r  

t h e  depression of  f ood  intake i n  response t o  diets defic i e n t  i n  a n  amino  

acid , b u t  not to diets with exc ess amino ac ids. While most o f  this work  

o n  amino acid imb alanc ed diets has been  rec o rded  using non-ruminant 

animals ,  R ogers and Egan ( 1975 ) sh owed that p re-ruminant lambs r esponded  

in  a similar manner to  amino acid imb alanc ed diets. However , with 

r uminants the imbalanc e must occur at a duodenal, rather  than a dietary  

l ev e l. 

Barry  et  al. ( 1973 ) repor ted th at  l ow intake of silage by sh eep  

c o uld  b e  increased b y  intraperitoneal supplementation with methionine. 

This suggests that fermentation of  silage in th e rumen produced  an amino 

ac id imbalance in the sheep , b ut  that b alance c ould  b e  r estored  b y  
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addition o f  meth ionine . Thus ,  th e quantity  o f  methionine  entering  the  

duodenum appeared t o  be  l imiting the  utilisation of  o th er amino  ac ids 

with th ese sh eep . Other workers h ave  also reported methionine  as  

l imiting �rotein  synth esis in  sh eep  and l ambs ( Reis, 1967; Grac eva , 

1969; Wakeling and L ewis,  1 970; Dove  and Rob ards, 1974) . Th ese 

results are further supported b y  c omparisons of tissue protein  analysis 

with duodenal  amino  ac id  f l ow ,  which sh owed  that the  duodenal f low o f  

S-amino ac ids was most l i kel y to  l imit tissue protein  synthesis ( Hogan , 

1970; Hutton  and A nnison , 1972; Armstrong  and Annison , 1973 ) .  

B .  Methods f or quant itative  assessmen t  o f  amino ac id requirements 

Th e ARC (1965 )  manual on  nutrient  requirements f or ruminants does 

not  give indiv idual  amino ac id requirements ,  sinc e these cannot b e  

expressed in  dietary terms. However, t h e  ARC (1967) manual on  p ig 

requirements does giv e  amino ac id requirements, expressing indiv idual 

amino ac id concentrations as a percentage of the OM in th e d ie t .  Th ese 

v alues are def ined as giving maximum response , but the  writers 

c onc luded  t h e  sec tion  b y  su�gesting t h e  use of response curv es to def ine 

amino ac id requirements over a range o f  responses . The response curv es 

suggested , are p lots of  the · response , e xpressed in t erms of  one ch osen 

criterion , v ersus increasing absorbab l e  l evels of the amino ac id  in  

question ( Fig .  1 . 4) � While  the  level  o f  absorbable  amino ac id  is  

usually  taken  to  mean  dietary intake i n  monogastrics; it  rel ates to amino 

acids entering the duodenum in ruminants. I n  most instances,  such c urves 

are c omposed  of two lines,  h aving d i f ferent  slopes,  and the  " break

point"  wh ere these two l ines intersec t ,  is  d efined as the  requirement. 

The criterion  used to measure the  respo nse will  depend  on  th e 

sensitivity  required ,  and th e degree o f  c omplexity of  the  experiment  

to  b e  und ertaken . 



Th e c r i teria usually c o nsidered  are as foll ows : 

( 1 ) produc tion responses such as wool  growth,  l iv e-weigh t  gain and 

m ilk y ield, 

( 2 )  fac torial assessment by  carcass analysis, 

( 3 )  N balance, 

(4) plasma amino ac id  c oncen tration, 

(5 ) th e use of isotopically labelled  amino acids.  
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( 1 ) Produc t ion responses :  W h i l e  some attention  has b e e n  given  t o  

assessing indiv idual amino  ac id  requirements b y  measurement of  

p roduc tion respo nses ( C h ung e t  al . ,  1973) th ese criteria are not  very 

sensit ive, and a cons iderabl e  t ime delay is invol v ed . Th ese . methods 

are t h erefore of  more use for th e de tection  o f  limiting arnino ac ids, 

and f or  assessing the  overall quality  of a p rotein  ( Jacquot  and P eret, 

1972 ). 

(2) Fac torial assessment : A more rapid method  for assessing individual 

amino acid requirements for produc tion, is t h e  calc ulat ion of the  

amount  of each amino ac id  deposited in the  m eat, wool  or milk pro te in 

synthesised . Williams e t  al . (1954) c ompared estimates of amino  aci d  

requirements of  monogastrics, calculated either  b y  analysis of  t h e  whole  

carcass, or by  nutrition  experiments . Th e y  f o u nd good  agreement 

b etwe e n  th e two sets of  values for rats, but f ewer data were availab l e  

for p igs. Th e amino ac ids which  shouJed closest agreement  were leucine , 

isoleuc ine, thre onine and valine, which have no  f unc tion  other than 

synth e sis of tissue pro tein, wh ile results f or  c ysteine  and meth ion ine 

were c onsistentl y l ower whe n  estimated . from carcass analysis. This  

might be  expected  because of  th e h igh requirements for  meth ionine  f or  

e xtra-protein  f unctions e . g. methylation reac tions. H utton and A n n ison 

(1972) calculated  fac tors f or the  utilisation  of  amin o  ac ids b y  p igs, 
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f rom t h e  c a rc as s  c o n c e n t r a t i o n  e x p r e s s ed as a p e rc e n t a g e  o f  f o o d  

r e q u i r em e n t  f o r  in d iv i d u a l  a m i n o  a c i d s . T h e y  th e n  u s e d  t h e s e  fac t o r s  

t o  c al c ul a t e  d u o d e n a l  ami n o  ac id r e q u i r e m e n ts f o r  t h e y o u n g  s tee r ,  f r o m  

t h e  c o nc e n t r at i o ns of ami n o  ac ids i n  t h e  c ar c ass . H ow e v e r , t h e  u s e  o f  

c on v e r s i o n  f ac to rs f r om p i gs , i g n o r e s  a n y  d if f e r e nc e s  i n  th e 

m e t a b o l is m  o f  amino a c i d s  b y  r u m i n a n t  and non-rum i n a n t  t i s s u e s .  

A r ms t r o ng a n d  A n n i s o n  ( 1 973 ) a l s o  u s e d  a f ac t or i a l  a p p r o ach t o  c al c u l a t e  

r e q u i r em e n t s  f o r  meth i o n ine , c ys t e i ne and t h r e o n i n e  f o r  4 5 k g  s h ee p ,  

t ak i n g  ma i n t e n a n c e , w o o l  g r o w t h  a n d  t i s s u e  p r o t e i n  d e p os i t i o n  i n t o  

a c c o u n t .  T h e i r  a p p r o ach us e d  th e a p p ar e n t  d i g e s t i o n  o f  e n e r g y  t o  

. e s t i m a t e  t i s s u e p r o te i n  s y n th e s is , a n d  r e q u i r e d  n um e r o u s  ass ump t i ons 

r e gar d i ng the u t i l i s a t i o n  o f  e �e r g y . I n  a d d i t i o n  t h e r e  is p ro b ab l y  n o t  

s uf f i c i e n t  e v i d e nc e  o n  th e m e t a b o l i s m  of t h e s e  am i n o  a c i d s  i n  r u m i n a n t s , 

t o  a l l o w  e s t i m a t i o n  o f  th e i r  r e q u i r em e n t  f o r  mai n t e n anc e b y  this m e th o d . 

( 3 )  N b a l a nc e :  A d e f i c i e nc y o f  a n  a m i no a c i d  w h i c h  l im i ts t i s s u e  

p r o t e i n  s y n th e s is w i l l  l e ad t o  a n  e xc ess o f  t h e  r e m a i n i n g  e s s e nt i al amino 

a c id s , wh i c h  w i l l  be  c o n v e r t e d  t o  u r e a  in t h e  liv e r , a n d  s u b s e q u e n t l y  

e x c r e t e d  i n  th e u r i n e  ( P r i o r  e t  a l . ,  1 9 75 ) . Th us , m e a s u r e m e n t  o f  p l a s m a  

u r e a  c o nc e n t r a t i o n , o r  t h e  d a i l y  a m o u n t  of N r e t a i n e d  b y  t h e  anima l , c an 

g i v e  s o me i nd i c a t i o n  of th e e f f ic i e n c y  of u t i l is a t i o n  o f  t h e  am i n o  ac ids . 

W a l k e r  and K i r k  ( 1 9 7 5 )  u s e d  N b a l a n c e  meas u r em e n t s  t o  a s s e s s  m e t h i o n i n e  

r e q u i r em e n t s  o f  l am b s  f e d  c o w ' s  m i l k ,  a n d  f o u nd t h a t  m e th io n i ne s up p l e

m e n t a t i o n  w as n e c e s s a r y  t o  o b t a i n  m a x imum N b al an c e  o n  l o w  o r  m e d i um 

p ro t e i n  i n t akes . 

( 4 ) P l as m a  amino ac id c o n c e n t r a t i o n :  $c h e l l ing ( 1 9 6 8 ) p r o p o s e d  a 

w o rk i n g  m o d e l  f or p l as m a  e s s e n t i a l  amino a c i d  c on c e n t r a t i o n s  inc o rp o r at

i n g  t h r e e  i nc re as i n g  l e v e ls o f  r e s p ons e :  
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{ a ) a b as al , o r  m i n imal , c o n c e n t r a t i o n  ( w h i c h  is d i f f e r e n t  f o r  e a c h  

a m i n o  a c i d ) i n d ic at i n g  a d � f i c i e n c y o f  th a t  amino ac i d , w h i c h  d e c r e as e s  

th e e f f i c i enc y o f  p r o t ei n  s y nth e s i s , 

( b ) t h e  o p t i m a l  c o nc e n t r a t io n , wh i c h  s up p o r ts t h e  mos t e f f ic i e n t  

u t i l i s a t i o n ,  

( c ) e x c e s s  c o n c e n t r a t io n ,  w h i c h  a g a i n  dec r e as es e f f ic i e n c y o f  p r o t e i n  

s y n t h e s i s . 

F i t t i n g  t h e s e  c on c e n tr a t i o n  l e v e l s  t o  a r e s pons e c u r v e  a s  d e s c r i b e d  in 

th e i n t r o d uc t i o n t o  th is s e c t i o n  ( F i g . 1 . 4 ) ,  p l ac e s  ( a ) o n  the f i r s t  

i n t e r s e c t in g  l in e , b el o w  th e r e qu i r em e n t , ( b ) at t h e  p o i n t  o f  i n t e r 

s ec t i o n ,  i . e .  m e e t i n g  t h e  r e q u i r e m e n t  a n d  ( c ) on t h e  s ec o n d  i n t e r s ec t i n g  

l i n e , a b o v e t h e  r e q u i r em e n t . S e v e r a l  w o r k e rs h a v e  u s e d  p l as m a  a m i n o  

a c i d s  f o r  p r e d i c t i n g  r e q u i r e me n t , b y  m e a s u r ing t h e  r e s p o ns e t o  g r ad u a l l y  

inc r e as i n g  l e v e l s  o f : i n t a k e  f o r  r a t s  ( Z im m e r m a n  a n d  S c o t t , 1 965 ) , and 

p o s t r u m i n a l  amino acids for c al v es ( W i l l i ams and S m i th , 1 9 74 ) a n d  s h e e p  

( C h a l u p a  a n d  C h and l e r ,  1 9 72 ; A rms t r o n g  a n d  A nnis o n ,  1 9 73 ; T a o  e t  a l . ,  

1 974 ) .  H owev e r , W a k e l i n g  a n d  L e w i s  ( 1 97 0 )  c r itic i s e d  t h e l ac k  o f  

s e n s i t i v i t y  o f  t h i s  m e th o d ; s i nc e n u m e r o u s  o th e r  f ac to r s  w i l l  a l s o  

a f f e c t  p l as m a  a m i n e  ac i d  c o n c e n t r a t i o ns . 

(5) T h e  u s e  o f  i s o t opi c a l ly l a b e l l e d  a m i n o  a c i d s : 
1 4  

C-l a b e l l ed a m i n o  

a c i d s  h av e  b e e n  u s e d  to m e a s ure t h e  d e g r e e  o f  o x i da t i o n  o f  a n  a m i n o  a c i d  

t o  c ar b o n  d i o x id e , s i nc e e x c e s s  c o n c e n t r at i ons of an a m i n o  a c i d  i n  th e 

p l as ma ,  w i l l  r e s u l t  in an inc r e a s e  i n  o x id a t io n .  C h a l u p a  a n d  C h a n d l e r  

( 1 97 2 )  s t a t e d  t h e  a d v a n t a � e s  of t h i s  tec h n i q u e  o v e r  o th e r  m e t h o d s  o f  

a s s e s s i n g  a m i n o  a c i d  r e q u i r em e n t s : i t  t a k e s  l e s s  time t h a n  t h e  m e a s u re

m e n t  o f  N b a l anc e or p r o d uc t i o n  r e s p o n s e s , and i t  is l e s s  a f f ec t e d  b y  

t r ans i e n t  ch a n g e s  i n  p l a s m a  ami n o  ac ids t h a n  d i r ec t m e as u r em e n t  o f  

p l a s m a  amino a c i d  c o nc e n t r a t ions . 
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B r o o k es e t  al . ( 1 9 73 ) e s t i m a t e d  t h e  l ys in e  r e q u i re m e n t  o f  s h e e p  

b 1 · · d t t · d 
1 4

c · d t · y p asma a m l n o  ac l c o n c e n r a  l o n s , a n  o x l  a l o n  • T h e y  f o und 

s im i l a r  v a l ues for e ac h  meth o d . B ro o k e s  e t  a l .  ( 1 9 7 3 ) u s e d  a s in g l e  

i n j e c t i o n  o f  l ys i n e -
1 4

c a n d  m e as u r e d  o x id at io n  o v e r  t h e f o l l o w i n g  s ix 

h o u r s . M i tc h e l l  e t  a l .  ( u n p ub l i s h e d o b s e r v at i o ns c i t e d  A r ms t r o n g  and 

A n n i s o n ,  1 9 73 ) used t h e  s ame p r i n c i p l e  t o  m e a s u r e  me t h i o n i n e  r e q u i r e

men t ,  b u t  u s e d  a c o n t i n u o us i nf u s i o n  of 
1 4

c -l a b e l l ed aminG a c i d s  f o r  

5-6 h ou r s , a n d  pl o t t ed s pe c i f ic r ad i o a c t i v i t y  o f
1 4

c o
2 

a g a i n s t t i me , t o  

f i n d  t h e  a s ym p t o t ic v a l u e  ( A n ni s o n  e t  a l . , 1 9 6 7 ) and t h e  p e r c e n t a g e  o f  

inf us ed r a d i o a c t iv i t y  e x p i r e d  d u r i n g  t h e  i nf u s i o n  p e r i o d . P l o t t i n g  

t h e s e  v a l u e s  a g a in s t a b s o r b a b l e  m e th i o n in e , g a v e  e s t im a t e s  of r e q u i r e -

I 
m e n t  wh ich w e r e  in g o o d  a g r e e m e n t  with t h o s e f r om p l a s m a  a m i n o  a c i d  

m e a s u reme n ts ( A rms t r on g  and A n n i s o n ,  1 9 73 ) . N e al e a n d  W a t e r l o w  ( 1 9 74 ) 

f u r t h er r e f i n e d  th e u s e  o f  
1 4

c-l a b e l l e d  a m i n o  a c i d s  f o r  e s t im a t i n g  

l e u c i n e  a n d  l y s ine r e q u i r e m e n t s  i n  r a t s , b y  d e t e r mi n i n g  t o t a l  l o s s  o f  

l ab e l  f r o m  th e bo d y , u n d e r  c o n d i t ions a p p r o ac h i n g  ma i n t e n a n c e . H owev er , 

t h e i r  e s t im a t e s  w e r e  h i g h e r t h a n  t h o s e  o b t ai n e d  b y  g r o w th o r  N b al anc e 

m e th o d s .  A n n i s o n  ( 1 9 7 5 ) , wh i l e  d is c u s s i n g  t h e  u s e  o f  
1 4

c - l a b e l l e d  am i n o  

a c i d s , p o i n t e d  o u t  t h a t  t h e  s e n s i t i v i t y  a n d  a c c u r a c y  o f  t h i s  t e c h n i q u e  

w o u l d  d e p e nd o n  th e p a t h ways o f  o x i da t i o n  o f  e a c h  ami n o  ac i d , a n d  l a r g e  

d i f f e renc e s  in t h e  r a t e s  of o x id a t i o n  o f  i n d iv id u al a m i n o  a c i d s  �y �h�Q� 

h av e  b e e n  s h o w n  ( B l ac k  e t  al . ,  1 9 6 8 ) . 

3 5
s-l a b e l l e d  m e th i o n i ne h as a l s o  b e e n  u s e d  t o  a s s e s s  m e th i o n i n e  

r e q u i rem e n t ,  s i n c e  s u r p l us m e th i o n ine m a y  b e  c o n v e r t e d  to t a u r i n e  a n d  

exc r e ted i n  t h e  u r i n e .  Merc e r  a n d  M i l l e r  ( 1 9 73 ) u s e d  t h i s  m e th o d  t o  

es t i m a t e  m e th i o ni n e  r e q u i r em e n t  o f  g r o w i n g  l amb s , a n d  f o u n d  s im i l ar 

r e s u l t s t o  t h o s e  d e t e r m i n e d  b y  p l asma u r e a  m e a s u r eme n t s . 



Tabl e  1.1 Es timates o f  meth ionine requirements  by sheep 

Method o f  estimation 

P l asma amino ac i d  ( 
( 

c oncentration  ( 

Oxidation to ( 
( 

14
co  ( 

2 

35s excretion  

Requirement  

(mg/kg• 75/day) 

105-125 

2071 

120-130 

130-160 

170 

1 refers to infused  me thionine only.  

Re ference 

Wakeling et al. (1970 ) 

Reis et  al. (1973 ) 

Armstrong & Annison (1973 ) 

Annison  (1975) 

Mercer  and Miller (1973 ) 
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C .  E s t i m a t e s  o f  meth i o n i n e  r equ i r e m e n t s  o f  s h e ep 

V ar i o u s  e s tima t e s  o f  th e d u od e n a l  m e t h i o n i ne r e q u i r em e n t s  o f  s h e e p  

h av e  b e en made , and th e s e  a r e  c om p a r e d  i n  T a b l e  1. 1.  Wh i l e  th e e f f e c t  

o f  m e t ab o l ic b o d y  w e i gh t  i s  t a k e n  i n t o  c o n s i d e r at i o n  i n  s t a t i n g · th e s e  

r eq u i r eme n t s , c o n s i d e rab l e  v ar i a b i l i t y  m i g h t b e  e x p e c t ed to a r i s e  f r o m  

d i f f e r e n t  e n v i r o nm e n t a l  c o n d i t i o ns a n d  r a t e  o f  wo o l  g r o w th b e tw e e n  t h e  

e x p e r i men t s . W i th r e g a r d  to t h i s  l a t t e r  a s p e c t ,  i t  i s  i n t e r e s t i n g  t o  

n ot e  t h a t  th e A us t r a l i a n  w o r k e r s  ( R e i s  e t  al . ,  1 9 73 ) r e c o r d e d  a h i gh e r  

r eq u i r eme n t  th a n  th e B r i t i s h  w o r k e r s . T h e  i m p o rtanc e o f  wo o l  to th e 

A us t r al i a n  s h e e p  farmer h as p r o b ab l y  l e d  to s e l ec ti o n  o f  A us t r a l i a n  

· s h e e p  f o r  a h i g h  r a t e  of w o o l  p r od uc t i o n .  

M e th i o n i n e  c an b e  c o n v e r t e d  t o  c y s t ( e ) i n e  ( F i g . 1 .3 )  a n d  th u s  th e 

r e q u i r e m e n t  f o r  meth i o n i n e  w i l l  al s o  d e p e n d  o n  th e a v a i l a b i l i t y  o f  

c ys t ( e ) i n e  r e l a ti v e  to i ts r e q u i r e m e n t .  T h u s  th e r e q u i r eme n ts f o r  

m e th i o n i n e  a n d  c yst ( e ) i n e  a r e  f r eq u e n t l y  e x p r e s sed a s  t o t a l  S-amino 

a c id r e q u i r e m e n t s . Arms t r o n g  a n d  A n n i s o n  ( 1 973 ) u s e d  th e k n own v al u e s  

f o r  a p p ar e n tl y  d i ges ted e n e r g y  t o  c al c ul a t e  t i s s u e  p r o t e i n  d e p o s i t i o n  

a n d  h e nc e a f ac t o r i al e s t i m a t e  o f  S-amino a c i d  req u i r em e n t s , o n  a 

v ar i e t y  o f  d i e ts . T h e s e  c a l c ul a t i o ns g a v e  v al u e s  o f  8 2  - 1 27 

I . 75; ( ) m g  k g  d a y , a n d  f r om th e s e  v al ue s , A rms t r o n g  and A n n i s o n  1 9 73 

s ug g e s te d  that wh i l e  S-ami n o  a c i d s  s h o ul d  not limit w o o l  g r o w th o n  

f or a g e  d i e ts , t h is m a y  n o t  b e  t r ue f o r  s i l a g e  d i e t s . T h e  a c c u r a c y  o f  

t h is t ec h n iq u e  h as a l r e a d y  b e e n  c r i t i c i s e d , b u t  th e r e l at i v e  

d i f f e r e n c e s  b e tw e e n  d i e ts d o  s up p o r t  o t h e r  s t u d i e s  i n  s u g� e s t i n g  th a t  

s il a g e  m a y  b e  a f e e d  in wh i c h  t h e  S - a m i n o  a c i d s  a r e  p a r t i c u l a r l y  

l imi t i n g . 
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1 . 6  Fo rmaldeh y d e - treatment of pro t e i ns 

A .  The theory f o r  the r eac t ion  of p r o t eins with formaldehyde 

Treatment o f  p roteins with aldeh yd es i s  a c ommon prac t ic e  i n  the 

Leath er Industry , wh ere the r eaction  of aldehydes with  th e surface of  

the f ibrous  p r o teins results in  a tough er material , w ith d ec reased water 

sensi tivity  and  inc reased resistance  t o  the ac tion  of enzymes and 

chemical r eagents ( Walker , 1 9 64 ) .  F r ench and Edsal l ( 1 94 5 )  stressed 

the variety and complexity o f  possib le  reac tions between f o rmald ehyde  

and p roteins , with the  optimum c ondi t i ons for  fo rmation  and b r eakdown 

of th e b onds, b eing  dependent  on  p H  and temperature.  They quoted 

evidence  f or th ree  types of b onding  b etween formaldeh yde and protein : 

( 1 )  a l oose rev ersible  c omb i nation ,  wh ere f o rmaldeh yde can b e  remov ed 

b y  wash ing , 

(2 ) b onds wh ic h can be b roken by  c o n t i n uous wash ing  o ver a p er i od  of  

days,  

( 3 )  a stable  c h emical c omplex which d o es not readily  d issoc iate . 

F renc h  and Edsall ( 1 94 5 )  cou ld  not  spec ify the various chemical groups 

invol v ed in eac h type  o f  b onding , b ut they d id review ev idence for  the 

existence of meth y l ene b r idges between reac tive groups such as the free 

amino  group  of  lysine,  and sulfh yd ryl  groups.  

� � 
e . g .  R NH2 R N 

I 
+ HCHD ---) CH2 

I 
R SH  R s 
< � 

Walker ( 1 964 ) also sug gested the formation of  meth ylen e  b rid ges ,  

and he  p o inted o u t  that such  formaldeh yde-protei n  complexes would  b e  

l ess stabl e  under ac id than alkaline  c onditions. Th us ,  l i beration  o f  

formaldeh yde b y  distillation  with d i l u te  ac id  is of ten used t o  d etermin e  

t h e  d egree o f  c omb ination  wi th p r o tei n .  H owever , acid distillation  i s  
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n o t  a l ways r e l i a b l e , s i nc e s ome i r r e v e r s i b l e  b i n d i n g  m a y  t a k e  p l ac e .  

B owes e t  a l . ( 1965 )  e s t i m a t e d  b o u n d  f o r m a l d e h y d e  b y  i s o t o p ic me th o d s , 

a n d  r e p o r t e d  th at a small p r o p o r t i o n  o f  t h e  f o rmal d e h y d e  b ec am e  m o r e  

f i rml y b o u n d  d u r i n g  a c i d  t r e a tme n t . T h i s  f r ac t i o n  o f  t h e  f o rmal d e h y d e  

a p p e a r e d  t o  b e  b o u n d  t o  o nl y  o n e  g r o u p , s i nc e t h e  d e gr e e  o f  c r o s s l i n k in g  

w a s  m a r k e d l y  de c r e a s e d . B ow es e t  al . ( 1 9 6 5 )  f o u n d  t h a t , i n  c o n t r as t  

t o  e a ri i e r  r e p o r ts , r e v e r s al o f  the b o n d s  w i t h  the a m i n o  g r o u p s  d i d  

o c c u r , a n d  N e i s s n e r  ( 1 9 68 ) r e p o r t e d  t h a t  a f t e r  r e v e r s a l  o f  f o rmal d eh y d e -

b i n d i n g ,  b y  b o i l i n g  i n  w a t e r , t h e r e  a p p e a r e d  to b e  n o  c h a n g e  i n  th e 

c as e i n  mo l e c u l e . Th e i s  a n d  L ams ( 1 943 ) s h o w e d  a p H  rev e r s i b i l i t y  w i th 

.4 5% r e l e as e  o f  b i n d i n g  wh e n  th e p H  was d e c r e as e d  f r o m  e l e v e n  t o  e i g h t 

and E6% wh e n  t h e  p H  w a s  d e c r e as e d  f r o m  e l e v e n  to two . H ow ev e r ,  M e l l on 

( 1 958 ) r e p o r t e d  t h a t  b in d i n g  o f  a m i n o  g r o u p s  t c  f o rm a l d e h y d e  c o u l d  a l s o  

t ake p l a c e  at a n  ac i d  pH  u n d e r  s om e  c o nd i t i o n s . I t  w o u l d  t h u s  a p p e a r , 

t h a t  b o th t h e  r e ac t iv i ty o f  t h e  p r o t e i n , a n d  th e c o n d i t i o n s  f o r  i t s  

r e ac t io n  w i th f o rma l d e h yd s, c an a f f e c t  th e t y p e  o f  b o nd f o r m e d  a n d  t h us 

t h e  ea s e  o f  re v e rs i b i l i ty . 

T h e  r ev e r s a l  o f  f o rmal d e h y d e- p r o t e i n  b o n d s  w i t h  d e c r e as i n g  p H  w a s  

t h e  b as is f or f o rmal d eh y d e- t r e a t m e n t  o f  p r o t e i ns f o r  f e e d i n g  to 

r um i n ants . F o r ma l d e h y d e- t r e a tm e n t  would d e c r e ase the s o l u b i li t y  o f  t h e  

p r o t e i n  i n  t h e  r ume n , b u t  t h e  b o n d s  w o u l d  b e  r e v e r s e d  i n  t h e  l o w  p H  o f  

t h e  ab omas u m  a n d  t h u s  p e r m i t  e n z y m ic d i g e s t i o n  in th e i n t e s t in e s  

( F e r g u s o n  e t  al . ,  1 9 67 ) .  H o w e v e r ,  th e e f f ec t of d i f f e r in g  r e a c t i o n  

c on d i t ions o n  t h e  t y p e  o f  b o n d  f or m e d , h as l e d  to d e t a i l e d  s tu d i e s  o n  

t h e  r e v e r s i b i l i t y  o f  f o rma l d eh yd e-p r o t e i n  b o n d s . H e ms l e y  e t  al . ( 1 973 ) 

s t ud i e d  th e e f f ec ts o f  v a r y i ng t h e  r e ac t i o n  c o nd i t i o n s , and f o u n d  t h a t  

t h e  o p timum d e g r e e o f  b i n d i n g  w a s  w i th 1% f o rma l d e h y d e . B e l o w  th i s  

l ev e l , th e r e  w as inc r e as i n g  m i c r o b i a l  a t t ac k i n  th e rume n , w h i l e  a 

h i gh e r  d e g r e e o f  b in d i ng l e d  t o  d e c r e as e d  N d i g e s t i b i l i t y  i n  th e 
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intestines . The rate  and ex tent of the protec tion  reac tion  were found  

to  increase  with  c oncentration  o f  f ormaldeh yde solution , w i th d ecreasing  

v olume o f  formaldeh yde  used , and  with increasing  reac tion time . 

Hemsley  e t  al . (1973) also  n oted unpublis h e d  obs ervations b y  

D . M .  Walk e r  where f ormaldeh y d e-tr e ated casein  was f ed t o  rats . No  

diff e rence in  growth  rate  was  rec orded , c ompared t o  untreated c asein , 

wh en  th e l evel of  b o und f ormaldeh yde  was less  than  1% . These  results  

are  i n  c o n trast with  th o s e  o f  Wac h ira e t  al . ( 1 974) wh o f ed c as ein 

which h ad b een treated with D . Bg  f ormaldehyde/1 00 g  crude  p rotei n ,  to  

rats , and  found a decrease  i n  growth rate  with  t h e  treated versus  

untreated c asein . H owe v e r ,  these  workers  applied  t h e  formaldeh yde  in  

v er y  low  v olume s ,  and  did  n o t  meas ure th e amount o f  b ound formaldehyde . 

Hove  and L ohrey  ( 1 9 76 ) also  reported  decreased digestibility  of  

f ormaldeh yde-treated  casein  in their  r a t  growth trials . Th ese  workers  

suggested that more  stable  s ec ondary  c omplexes  h ad been  f o rmed d uring  

the  drying  proc ess included  i n  th e formaldehyde-treatment o f  th e 

protein . However , Mac Rae  e t  al . ( 1972) f ed  this  same f o rmaldeh yde

treated protein to shee p ,  and obs e rved a s ignific ant increase  in  

apparent  absorption o f  amino acids  f r om  the  s ma l l  intestine  with 

formaldeh yde�treatment , resulting i n  a h igher  o v eral l  retention  of  

N .  With r eference t o  t h e  earlier  evidence of  F rench  and  Edsall  ( 1 94 5 ) , 

who s uggested three  gradatio ns i n  the  s tability o f  b o nding  between  

f ormaldeh yde  and protein , t h is secondary  c omplexing  may b e  reversible  

in  the  s h e ep , b u t  n o t  in  th e rat , due t o  p h ysiologic al diff erenc es 

between  th e two digestive  s ys tems . 

Thus , wh ile  the  c h emis tr y  of  the  reac tions involved  in  formal

deh y d e-treatmen t  of proteins  is n o t  y e t  c lear , t h e  following  s ummary 

can  b e  made . 
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( 1 ) There  appears t o  b e  a n  o p timum l e v el o f  f ormal dehyde-treatment t o  

ens u r e  ade quate  protec ti o n  f r om micro bial  attac k  i n  t h e  r umen ,  w i th o u t  

affec ting  the  d i ges t ibil i ty i n  t h e  intestines . Hemsley  e t  al . ( 1 9 73 )  

propo s e d  a n  opt imum l evel of 1 %  b o und formaldeh yde .  

( 2 ) T h e  c o ncen tration  of f ormaldeh yde  s o lutio n ,  v o l ume o f  applic ation  

and  d e gree  of d rying h av e  also  b e e n s h own to affec t b i nding  and revers-

i b i l i ty ( H ems l e y  El t  al . ,  1 973 ; H o v e  and  Loh re y ,  1 9 76 ) . 

( 3 )  T h e  reversal  of f ormaldeh y d e-b ind ing will  b e  affec t e d  b y  the degree 

o f  b i nding , and is probab l y  a l s o  d epe ndent  on pH and time s pent  in t h e  

dige s t ive t rac t ( French a n d  Eds all , 1 945 ) .  

B .  Ani�al product ion responses  t o  fo rmaldehyde-tr eated pro t eins 

The  w ork b y  Ferguson  et  al . ( 1 9 67 )  wh ich res t imul ated  inte res t in 

the  use o f  treated proteins , repo r ted a response  i n  w o o l  growth to  

f ormaldeh yde-tre atme n t  of  casei n . S i nce  then , var ious workers h ave  

r ecor ded  s imilar increases  in wool  gr owth ( H ughes and W i ll iams , 1 97 0 ; 

Langlands , 1 97 1 ; Barr y ,  1 972 ) .  B arry  et  al . ( 1 9 7 3 )  r eported  i ncreased  

wool g rowth with formalde h y d e-treatm e n t  o f  • 1 S l..c age . However , reports of 

no res pons e to f ormaldeh yde-tre atment als o appear in  the l i terature 

( e . g .  Clark et al . ,  1 97 1 ; Sch mi d t  e t  al . ,  1 9 7 2 ;  Wac h i r a  e t  al . ,  1 9 7 4 ) . 

Positive  r e s ponses  appear to  b e  l e ss predic tab le  a t  h i g h e r  l evels  of  

energy  intake , and when  the  u n t r eated  diet  has a h igh c rude  protein  

c onten t  ( S h arma et  al . ,  1 974 ; Wac hira  et  al . ,  1 974 ) .  I n  addit i o n ,  

Pisul ewski  and Rys ( 1 975 ) pointed  out  t h e  importanc e o f  c o ns ider ing the  

qual i t y  o f  a pro t�in in  relation  to  the  animal ' s  amino acid require-

ments . Th ese  workers found  no  b e n e f ic ial effect on N r e tention  i n  

s h ee p , f r o m  formaldeh yde-treatme n t  o f  Horse  B e ans . 

Mac R a e  et  al . ( 1 9 72 ) found  t h a t  the  dail y flow  o f  amin o  acids into  

the  duodenum  was  inc reased with  f o rmaldeh yde-treated  o v e r  u ntreated  
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c asein .  A p pare n t  amino acid abs o r p t i o n  f r om the in tes t ines was also  

inc r e ased . Sh a rma et  al . ( 1 9 74 ) f o un d  s imilar results  with  f ormald e h y d e

treate d  c as ein , but  very  little  effec t on f low from formaldeh yde-t r e ated  

rapeseed  meal .  Th e y  s ugges t e d  that  t h is c o uld be d ue to  t h e  h igh flow  

rate  o f  amino  a c ids into  the  duod e n um on u n t reated rapeseed  meal . A 

depre s s ion  in o v erall diges t i o n  i n  th e rumen when feeding  f o rmal deh y d e

t reated  supplemen ts h as been  reported  ( Faichney  and Wes ton , 1 971 ; 

H ems l e y  � . , 1 9 70 ) . Faichney  ( 1 9 7 5 )  f o und a d e c rease i n  the  mean 

rete n t ion time in  t h e  rumen ,  with f ormald eh yde -treatme n t  of  a c onc entrate  

diet , b ut b o th the s olid and  partic ul ate phases wer e  retained  longer  in 

the ab omas um and  small intestine s .  T h e  importanc e o f  abomasal p H  was  

sugge s ted by  F a ichney  ( 1 9 74 ) ,  wh o f o u n d  a h igher percen tage of  amino-

and p eptid e-N in  the  abomasal-N o f  a s he e p  with  a l ower abomasal pH , 

where a s  a h igh e r  degree  o f  formald e h y de-p r o tein  complexing  w as found  in 

a sh e e p  w i th a h igh e r  ab omas al pH . This d ata  might  sugges t that  pH is 

a ma j o r  f ac tor in th e rev ersal of  f o r maldehyde-binding , but  the data  

r ecor ded  were  only  o b tained f r om two  shee p .  

The  o v erall  effect  o f  formald ehyde-treatment ap pears t o  b e  a 

dec r e ased  s olub ility  i n  th e rume n ,  resulting  in inc reas ed f l ow o f  

prote i n  i n t o  t h e  duodenum . T h e  adv an tages of  this increas e  will 

obviously  d epend  on : th e av ailab i l i t y  o f  the amino  ac ids  f o r  absorp t io n ,  

i . e .  r ev e r s al o f  b i nd ing ; the  f l o w  o f  amino ac ids on  t h e  u ntreated 

die t ;  and th e prop o r tions of  individ ual amino ac i d s  presen ted f o r  

abso r p tio n , in  relation  t o  the  p r o t e i n  r e quirements of the  a nimal . 

1 . 7 The f e rmen tation  of s ilage and  i ts effect  on intake  

The e ffic i e n t  use  of  h e rbage  f o r  ruminant  production  r e quires its  

cons e rvation  d u ring periods  of  rap id growth , to  enable supplementar y 

feed i n g  d ur i n g  periods of  res tric t e d  ·growth . The main aims are to  s tart  
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with a crop  of h igh nutritive  value , and  to  mai ntain this  quality  

during  th e conservation  proc ess . Th e two m ain cons ervation  proc e s s e s  

i n  c urrent  prac tice are : 

( 1 ) f i eld drying  of a c r o p  for  s t o rage as h a y ,  

(2) anaerobic  f erme n tati on  to  p r oduce s i l a g e . 

S inc e one o f  the  key  fac t o rs in  the  effic i e n t  c onservation  o f  grass  is  

t h e  w eath e r , s i l age has the  advan tage o v e r  h ay ,  in that  the grass  c an 

b e  c u t  and r emov ed f rom the  field  in  one  o p eration . H owever , a h i gh 

q uality f e e d  is of l it t l e  value  unless it is accep table  to the a n imal , 

and the  v oluntary  i ntake o f  silage b y  ruminants has frequently  b e en 

. f ound t o  b e  lower  t h an that  of  h ay made f ro m  th e s ame c rop ( e . g .  

Murdoc h ,  1 964 ; Thomson , 1 9 66 ; · Wellman , 1 9 6 6 ;  Bishop  a 1 1d Kentish , 

1 970 ; Oemarquilly and Jarrige  , 1 970 ) .  While  cons iderable res e arch o n  

t h e  ensilage  process  has l e d  to  a n  apprec i a tion  o f  t h e  o ptimum 

c onditions for  f erme ntation , - th e fac t o rs involved i n  limiting  i n take  

h ave not  b e en c l ear l y  e s t ablished . 

A .  The  f ermentation  of s ilage 

Barn e t t  ( 1 9 54 )  outlined four  main phases in  ensil i n g :  

( 1 )  the  r e s p i ration  o f  p l ant  c ells , l eading  to  th e formation of  c ar b o n  

d ioxide  a n d  wat e r  f r om water  s oluble  c arbohydrates , 

( 2 )  t h e  p r oduction  of ac e t ic acid by  b ac te rial acti o n ,  

( 3 )  t h e  p r o duc tion  o f  lac t ic ac id b y  b ac te ria  utilising  soluble  

c arboh ydrat es ,  

( 4 )  a quiescent  phas e .  

These  four may b e  follow e d  b y  a f i f th ph a s e  o f  clostrid ial f e rmentation  

if the  crop  is  poorly  f ermented . C lostrid ium spp. c on v e r t  amino ac ids  

to  ammonia and  amines , and  lac tic ac id to  but yric acid , with a 

resul t ant  i nc r e as e  i n  pH ( Wh ittenbur�  e t  al . , 1 96 7 ) . T h us , a h igh 
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quality  s ilage h as been  classified  as having : 

(1) a l ow b utyric acid  c o n c e n tr a t ion ( less  than  0 . 3% ) , 

( 2 )  a low  ammonia  c onc entration  ( less  than B% of  t otal N ) , 

( 3 )  a p H  o f  approximat ely  4. 2 o r  l ess ( McDonald and Wh i tt e nb ury , 1 973 ) .  

Wh i l e  a low ammonia  c o nc e ntration represents little  bre akdown o f  

ami n o  ac ids , 40% o f  th e or iginal  pro tein  may b e  broken  down , even  i n  a 

w e l l  pres e rved silage ( McDonald  e t  al . ,  1 9 69 ) .  Th e i n i tial proteo l y s is 

appe ars t o  be due  to  autol ys i s  b y  plant  en zymes ( Kemb l e , 1 95 6 )  and th is 

c an b e  l imited by rapid e�cl u s i o n  of oxygen  from the s i l o . An 

anaerobic  environment  also favours  a lac tic ac id  fermentation , and th is  

will  rapidly  decrease  pH , th e r e b y  preventing  c l o s t ridial  growth 

( Mac ph erson  and V i olan t e , 1 9 6 6 ;  Ruxton  et  al . , 1 97 5 ) . Degradation  o f  

the f r e e  amino ac ids  is  b rought  about mainly  b y  c l oitridia  with L-s a r i n e  

and  L-arginine b e i n g  th e onl y  amino ac ids to be  s ignificantly  degraded  

b y  lac tic ac id bac t eria  ( McDonald  and  Wh ittenbury , 1 9 73 ) .  Decarb oxy

lation  of  amino  ac ids b y  c l o s t ridia  l eads to  th e format ion . of amines ,  

and  H ugh es  ( 1 9 7 0 )  found  th e aminas , h is tamine , tryptamine , tyramine , 

e t h anolamin e ,  ornith ine , putrescine  and c adaverine  present  in si lage . 

The  effec tiveness  of  a d ec rease in pH i n  inhibiting  clostridia  

will  b e  increased  b y  a l o w  m o is ture  c ontent  o f  th e h e rb age ( Wats on  and  

N ash , 1 9 60 ) and a �igh c o nce n t ration  of  water  s oluble  c arbohydrate  

( Jones , 1 970 ) . The  ratio  of  water  soluble  c arboh ydrate (WSC ) : pr o t e i n  

in  th e h erbage  is a l s o  impo r t an t , s ince  a low  WSC : p ro t e i n  ratio  w i l l  

p r o v i d e  s ubstrates which fav our  th e growth o f  clos tridia  rather  th an  

l ac t o b ac illi . This would  l e ad to  the  undesirable  production  of ammonia  

a nd b u ty ric acid . Kemb l e  ( 1 9 56 )  succ essfully  e ns iled  grass  of  a h i gh 

p r o t e i n  content  b y  add ition  of  glucose  in  combination  w i th an  innoc ulum  

of  lactobacilli . 
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T h e  main c onsiderat ions f or  s ucc ess ful ensiling o f  h e r b age are 

thus to  ensur e  an anaerobic e n v i r o nme n t  and to prevent c l os tridial 

prol i f eration . Th e latter  c an b e s t  b e  ach ieved by  ens iling  herb age of  

a high OM perce ntage , and  a h igh WSC : p rotein  rat io .  H owev e r , numerous  

chemic al addit ives h av e  been  s u ggested  as  a means to f ac i l i tate 

s uccessful  fermentation . 

B .  Chemic al a ids t o  ens iling 

McOonald and Wh ittenbury  ( 1 9 73 ) d ivided  silage a d d i t iv es into  two 

main g roups : 

( 1 ) s t imul ants , 

( 2} inhib i tors . 

( 1 ) S t imul ants : S t imulants are  c ompounds added prio r to  ensiling  with 

the  aim o f  promoting  a l actic  ac i d  t y p e  of f ermentati o n . Examples  of  

thes e are  c ompo unds high in  c ar b o h ydrate  ( e . g .  molas s e s ) , o r  innoc ula  

o f  lac tob acilli . Th e advantages  of  t h e s e  additives h av e  al ready  been  

d isc us sed i n  relation  t o  th e i r  e ffect  o n  th e WSC : pr o t e i n  ratio o f  the  

h erbage . 

( 2) I nh ib i tors : I n h ib i tors o n  th e o th e r  h and , may e i t h e r  c ompl etely  

i nhib i t  bacterial ac tiv i t y ,  o r  s elec t i v ely  p revent d e l e terious f e rmen

t ation . The main inhibitors in  c ommo n use  are sodium metab isulph ite , 

f ormic ac id  and  the  more  rec ently  i n t roduced  formaldeh yde . 

( a ) S o l ium metcbisulph i t e .  Th is i s  us ed  a t  concentrations wh ich do  n o t  

· c omp l e tely  inh ibit  f ermentati o n .  Z e l t e r  ( 1 9 60 ) f o u n d  t h a t  wh i l e  

metab isulphite  c onsiderably r e d uc ed b u t yric ac id produc tion , it  did  n o t  

marked l y  p r e v e n t  proteolys is . Murdoch  et  al . ( 1 956 ) repor ted that  

metab isulph ite  dec r e ased  the f ormation  of v o latile ac i d s  and bases , but  

h ad l i ttle  effec t o n  th e produc ti o n  o f  l ac tic acid . 

( b ) F o rmic acid . Th e use  of  m in e r al ac ids t o  produce  a rapid  initial  
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drop in  p H , ana th u s  inhibit  clos tridial  f e rmentatio n , has now largely  

been  replaced by  applic ation of fo rmic acid  to the h erbage . I n  the UK , 

8 5% f o rmic ac i d  is normally used , at 0 . 2 7% o f  th e herbage O M .  This  

dec r e ases pH to  4 . 6  - 4 . 8  ( McDonald  and  Wh i ttenbury , 1 9 73 ) . He nders o n  

and McDon ald ( 1 97 1 ) compared three  levels  o f  formic acid addition  t o  

grass : 0 . 22% , 0 . 34% and 0 . 5 1 %. A t  h ig h er l evels o f  applic ation , th e 

f ormic ac id  appeared  to affec t  the s t r uc tu r e  of the grass . N o  intake  

response  t o  f o rmic acid-trea tment was  o b s e r v e d ,  b u t  the  c o ntrol  silages  . il¥4 
were th ems elves  readily  cons umed . (Wal d o  e t  al . ,  (1 9 70); A C as t l e  and 

Watso n , (1 9 73 ) f ound th e foll owing adv antages  of formic ac i d  add e d  prior  

to  ens ilin g :  d e c re ased pH , increased d i ges tibil i t y ,  decreased  levels  of  

b utyric ac id , ac etic  ac id and 
.
ammonia , � Hld i ncreased v oluntary  intake . 

H owev e r. ,  f o rmic ac i d  is expe nsive , and und e r  some condi tions , l osses o f  

u p  to  50% of  th e ac i d  h av e  b een  r e p o r t e d  ( H e nders on  a n d  Mc D o nald , 1 97 1 ) . 

( c ) F o r �al d ehyd e . F ormaldeh yde  is a s ubstance  in common us e in Medic ine  

and in  the  Leath er I ndus try , b eceuse  o f  its  bac teriostatic proper ties , 

and its  ability  to reac t  with pro teins  and t h us protect  th em  f r om 

microb ial ferm e n tation . Formaldeh yde  h as b e e n  used to  pro t e c t  d ietary  

proteins  f rom d e gradation  in th e r ume n , since  the  b onds are  s ubs eque n t l y  

reversed  a t  the  l o w  pH in  the  abomas um . Th us , t h e  pro tein is evailable  

f or d iges tion  a n d  absorp tion in th e in t es t ines ( F e rgus on et  al . ,  1 9 67 ) . 

Hence  f ormaldeh y de h as b een applied to  herb age in a n  e f f o r t  t o  p r ev e n t  

p rotein  de grad a t ion during  e nsiling . Howe v e r ,  response  to f o rmal deh yde 

. treatment  of  s il age h as been varied . I nc r e as ed i n take in r e s pons e t o  

f ormal dehyde-tr e atment  of  si lage was repo r t e d  by Barry  et  a l . ( 1 973 ) 

and V a l en tine and  R adcliffe  ( 1 975 ) , wh ile  B r own and V alentine  ( 1 9 72 ) 

r epor t e d  decre ased  i ntake at  h igh l ev e ls o f  applic ation . B rown and 

V alen tine ( 1 9 72 ) sugges ted  that th e l a c k  of  res ponse  in  th e i r  experiment  

c ould h av e  been  due  to  free  f ormal d e h y d e  present in  the  silage , since  
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N e umark e t  al . ( 1 9 64 )  noted  that  free  f o rmaldehyde present  in  or  added  

t o  s ilage dec reased  i n take� Some free formaldeh yde  might  be expec t e d  

t o  occur in  a l l  f ormaldehyde-treated  silages , s ince Th e is and L ams 

( 1 94 3 )  reported  th at  reversal  of  f o rmaldeh yde-b inding  w i th · p rotein  

occ urred with a gradual  d ec reas e  i n  pH .  H e n c e  the  decrease i n  pH  i n  

the  s ilage s tac k migh t b e  expected  t o  release  free  fo rmaldehyde  and  

protein . 

B arry and Fennessy  ( 1 9 7 3) reported  that  secondary f ermentation  o n  

o p e ning of  the  s tac k was �reater  in  formaldehyde-treated  than  untre ated  

s il ages . Combinations o f  additives  have  been  s u gges t e d  to  overc ome 

t h is problem of  secondary  f e rme ntation , and  B arry ( 1 9 7 5 )  c ompared the  

e f f ec ts of formaldeh yde , and  formald eh yde/ac id ( formic o r  sulph u ric ) 

mixture s .  I n take w a s  h igh e s t  on f o rmaldeh yde/f ormic ac id-treated  

s il ages , and wh i l e  i n take of  untreated  and  f o rmald eh yd e-treated  s il ages 

decreased  with time after opening  the stac k ,  addition of  f ormic ac i d  

p revented th is decre ase . H owev e r , secondary  fermentati o n  was s t i l l  i n  

e v idence . V alentine  and B r own ( 1 9 73 ) al s o  f ound a s i g n i f ic ant  i nc r ease 

i n  intake of  f ormal d ehyde/formic ac id  s i l age  over untreated s i l ag e , 

while  neith e r  f o rmaldeh yde  nor  f o rmic ac i d  alone s ignificantly  i n c r e as ed 

i n take over  untreated  s ilage . 

C .  F �c tors  affec t ing i ntake  of  s i l age 

( 1 ) General : Much o f  the  work o n  s ilage  quality  h as b e e n  c onfined  to  

b ioch emic al and  mic robiolo gical s t udies o f  fermentation  within  t h e  

s il age s t ac k ,  and h as n o t  c o nsid ered v ol u n t ary intake  b y  th e animal . 

Thus , wh i l e  a h i gh qual i t y  s ilage  h as b e e n  defined  as h av in g  a pH  o f  

4 . 2  or less  ( McDo nald a n d  Wh ittenbury , 1 9 7 3 )  various workers h av e  

reported  that  s i l ages  with  a low  p H  adv e r s e l y  af fect  i ntake ( H u t t o n  e t  

al . ,  1 970 ; Mc L e o.d e t  al . ,  1 970 ; H utch ins o n  and Wil kins , 1 9 7 1 ; 

Wilkins e t  a l . , 1 97 1 ) .  This appears to  b e  partly d ue to  a d irec t effect  
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o f  h i gh acid  c�nc e n t ration  ( �cleod  et  al . , 1 970 ) , b u t  a low  pH also  

indicates  c onsiderable  fermentation  of  water  soluble  c arboh ydrates  

( B ro w n  and  Radclif f e , 1 972 ) , and  this  may adv ersely  affect  th e b alanc e 

o f  N and energy  metabolism  i n  th e rumen . 

( 2 ) The  e f f ec t  of form and c orcent ration  of  N and e n e rgy o n  s i l age 

intake : The  c ompo s i t i o n  o f  the  N frac tion  of s i l age  differs  f r om that  

of  pasture  and  hay , in  h av i n g  re latively  h igh ammo n i a ,  amine and amide 

c ontents  ( Hugh es ,  1 9 70 ) . H i gh ammonia c cncentrations  i n  s i l age have  

been  c o rr elated with  low  int akes ( Harris  and  Raymond , 1 9 63 ; Wil kins 

e t  al . ,  1 9 71 ) . C as tl e  and Wats o n  ( 1 9 69 ) fo und that  t o tal i n t ake  of  a 

mixed  ration was also  aff e c t e d  b y  s il age-N c onten t . Th ey  c o mpared  

v ol u n tary  intake of  s ilages  of  low  ( 8% )  and  h igh ( 1 6%)  diges tible  c rude  

protein c ontent , and fo und t h at t o tal OM intake was  ·l ower  on  the  s i l age 

with  th e h igher N c on t e n t . The  effec t o f  the  N c o n tent  of  t h e  c o nc en

trate  p a r t  of  mixed rations  was s t udied by Murdoch ( 1 9 64 ) . He f ound 

that intake  of s ilage  decreased  to  a l e s s e r  extent  with  a h i gh pro tein  

than  a low  protein  c oncentrate . S inc e th e N c ontent  o f  s ilage  i s  

usually  of  a low true  prote i n  p e rc entage , these  r e s ul ts s uggest  t h a t  t h e  

f orm , r a t h e r  t h a n  the  quanti t y  o f  N intake , appeers  to  e x e r t  a m a j o r  

e f f e c t  on  s ilage in take . 

E f f ic ient  u t i l isation  o f  NPN  in the  rumen is  dependent  on  the  

availab ility  of energy  ( H e n d e r i c kx and  Marti n ,  1 9 63 ) . S ince  t h e  

concentration  of  water  s o l u b l e  c arboh ydrates in s i lage is  g e ne rally  l o w  

( McDonald  et  al . ,  1 9 69 ) , inc reas ed utiliiation o f  N m a y  b e  �ch ieved b y  

inc r eas ed  energy availab i l i t y .  Th us , increased  N retention  in r e s p o n s e  

to  s up p l ementation  of s ilage  with  e n e r g y  h as been  r e c o r d e d  ( O urand 

e t  al . ,  1 9 68 ; Thoms o n , 1 9 68 ; G r iffiths  e t  al . , 1 9 73 ) . Th e effec t o f  

s ilage-N and energy  c on t e n ts o n  s ilage intake , t h u s  appears t o  b e  due  
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to  the  p r omotion  of  microbial  p r o t e in s y n th esis and h e n c e  th e total  

amount  of  protein  entering  the d uodenum . 

( 3 )  Th e e f f ec t  of duodenal protein availability on s il age intak e :  Egan 

( 1 9 6 5 )  s u ggested  that v o luntary  intake of l ow protein  roughages  may 

p r imari l y  be limited  by a deficiency  of protein  absorbed by the animal . 

I nc r eased  growth rates in response  to p r o tein  supplementation  o f  

an imals f e d  s ilage  h av e  b e e n  r e p or ted ( F orbes  and I rwin , 1 9 70 ; Ore nnan , 

1 9 73 ) .  Howev e r , H utch inson  e t  al . ( 1 9 7 1 ) found  no intake  response  to 

duodenal l y  infused  casein  on  a 1 . B 6%N silage , although N r e tention was 

incr eased . 

I nc re ased  intake in  r es p o ns e  to f o rmalin-treatment  of  h erbage prior  . 

t o  ensiling  has  b een  recorded  ( B arry  e t  a l . , 1 973 ) .  S i n c e  th e main 

e f f ec t of  formalin-treatment is  t o  p revent  protein degradation  during  

e ns iling , th is  result  s uggests a positive  intake response  to  increased  

p r o tein  availability . I nc reased  intakes  of  silage in r es ponse  to  

i ntraperitoneal  methionine  have  also b een  reported  ( B er r y  e t  al . ,  1 9 73 ; 

K e l l y  and Thomas , 1 9 75 ; Barr y ,  1 976 ) .  Th is result  s uggests th at 

f eeding  th e untreated silages to  s heep  induced a s tate  of  meth ionine  

imbalanc e .  Methionine  h as f r eque ntly  been  suggested as  the  first  

l imiting  amino  acid  for  ruminants ( Nimrick  et  al . ,  1 97 0 ; H utton  and 

A nnison , 1 972 ; A rmstrong  and Anniso n , 1 9 73 ; Harrison  e t  al . ,  1 973 ) .  

H e nc e  th e availability  of amino acids , and particularly  methionine , 

appears t o  limit  intake in s ome silages . 

1 . 8 Conc lusion  

Meth ionine appears to be  th e f irst  l imiting  amino  ac id f o r  l i v e

weight  gain and wo ol  growth i n  r uminants on  a variety  o f  feeds . I n  

p artic ular , s ome s ilages p roduc e  a v e r y  low  level  o f  S-amino acids 

e ntering  th e duodenum . Sinc e low  intake  of silage h as in  s ome cases  
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b een increased . b y  sup p l emental methionine , i t  is sugges ted that  feeding  

s ilage may produce  a meth ionine  imbalanc e .  An imbalanc e s tate  

indicates that  the  c omp lement of  amino ac ids absorbed from  the  duodenum  

does not c o rrespond to  th e c omplement r e quired b y  the  tissues . Th us�  

s ilage appears to  have  a marked  effect  o n  e i ther  the  c omposition  of  

duodenal amino ac ids , o r  the requireme nt  for  meth ionine  relative  to  

t btal amin�  acid requirements . Th � amino  ac id  c ompos ition  o f  d uoden�l 

digesta  remains r elativ ely  c onstant  i n  s h eep  fed  natural d iets , s inc e 

microbial protein  is o f  relativ e l y  cons tant  amino acid c omposition and 

is s imilar  to that  of h erbage protein . Feeding  silage  may c h ange  the  

c ompos ition  of  duodenal  amino ac ids , but  a more likely  explanation  of 

th e imbalanc e  s tate , is  a change in  th e relativ e requirements f o r  

meth ionine  and other  amino ac ids , d u e  to  a d ecreased to tal availability  

in t he  small  intes tine . The  percentage  of  t he  available  methionine 

which is used  for protein s ynth esis , c om pared to th e percentage  us ed  

for  transmeth ylation  r eac tions and  c on v ers ion  to  c ys teine , c h an ges with 

the  availability  of  methionine and other amino ac ids . H e nc e , a decrease  

in th e availability  of  total  amino ac ids  may  increas e  the  percentage of  

methionine  required . 

Thus , th e experime nts to  b e  reported  were undertaken to  s tudy  the  

e ffec ts of  increasing  the availab i l i t y  of  to tal pro tein , and m e thionine  

alone , to  sheep  fed  si lage . The  effec ts  were s tu died in  terms of  the  

utilis ation  of  N and  amino ac ids b y  t h e  sheep . The  availabi lit y  o f  

. total protein was increased in three  ways.: b y  formalin-tre a tment  of  

the s ilage ; s upplementation with f ormaldeh yd8-treated c asein ; and 

supplementation  with  a read i l y  avai lab l e  energy s ourc e ,  to  s timulate 

mic rob ial  protein s ynthesis and thus increase the total flow  o f  amino 

acids into th e duodenum .  Methionine  availability was increased  b y  

infusion  into  th e . p e ritoneal c av ity  o r  duodenum . 
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TECH N I QUES  FOR  STUD Y I N G  AMI NO AC I D  METABOL I SM I N  R UM I NA N T S  
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The  p rec� ing chapter  h as s h own that a study  of  amino  ac id 

metabo lism in ruminants requi res  meas urement of the  daily f low o f  

amin o  ac i d s  into th e duodenum . T h e  accuracy  of  measuring  th e f l ow 

o f  d i gesta into the  duodenum h as been  greatly  f ac i l itated b y  th e use  

o f  sh eep  p r epared with  r e-entrant  c annulae in  the  p r oximal duodenum 

( Ash , 1 9 62 ) .  These c annulae enable  total c ollection  of digesta  and 

thus  a representativ e sample can  be o btained . Calcu lation  of  f low 

r ate also requires reference  to an indigestible  marker s ince  

c o l l e c tion  proc edures  frequently  depress  flow .  T he  reasons f o r  th e 

c h oic e o f  s pecific s ampling  system used in the experiments to  b e  

r eported will  b e  discusse d  b elow . 

Anal y s is o f  the  amin o  acid  c ompos ition  of th e s amples  ob tained , 

was c arried  out o n  a standard  amino ac id anal yser employing  the  ion

exch ange p r inc iple  o f  amino ac id  analysis , first  introduc ed by  Moore  

and  S tein  ( 1 9 5 1 ) .  S inc e th e first  chromatograph ic  conditions  were  

repo rted , numerous modifications  have  been  made , and spec ific  

p roc edures  for the  measurement  o f  groups  o f  amino acids  h av e  b e e n  

p ro p osed  ( e . g .  Jeppsson  a nd  Karlss on , 1 972 ) .  I n  the  experiments  t o  b e  

d escribed , measurement  o f  meth i o nine specific  radioac tivity  was 

r equired . Th e s e  analys e s  were  als o c o nduc ted on  an  amino ac id  analys e r  

and t h e  r e asons f o r  th is  c h o ic e  will  b e  discussed  below .  

The  amino acids e n tering  th e duodenum will  b e  suppl ied  e ither  b y  

dietary  p rotein  wh ich  h as escaped  rumen f ermentation , o r  b y  microbial 

protein  s y nth esised in  t h e  rum e n .  Th e effect  o f  energy  and N 

metab olism  in the  rumen  o n  micr ob ial protein  synthesis h as already b e e n  

discussed, and thus  the  advantages  of  b e i n g  able  t o  measure i t s  r ate  o f  

s ynth esis are appar e n t .  N umerous meth ods f o r  q uantifying  microbial 
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protein s ynthesis  h av e  been  prop o s e d , b u t  there are s t i l l  c onsiderable  

drawbacks  t o  their  routine· use , and these  will also b e  disc ussed . 

2 . 2  Measurement of duodenal f l o w  

Th e meas urement of  flow of  nutrients  into t h e  duodenum  h a s  two 

main requirements . The first is ob taining an accurate measurement  of 

dige s ta f l ow , and the second is the  c ol lec tion of a representative  

s ampl e  of  diges t a .  Several  rev i ews  of the  techniques involved  in  

m easu ring f l ow into  th e duodenum have  been  published  recent l y  ( Kotb , 

1 972 ; Engelh ard t ,  1 974 ; MacRae , 1 974 ; MacRae , 1 9 75 ; F a ic hne y , 1 9 75 ) .  

Thus , only  t h e  main considerations  af fec ting th e choice  o f  meth o d  f o r  

the  experiments  to  be reported , w i l l  b e  discussed . 

A .  General  considerations 

The  c o llec tion  of samples  f o r  measuring th e c omposition  of  digesta  

entering the  duodenum must  b e  made  prior  to  any  absorption  or secretion  

with in  th e small  in tes tine . Howev e r ,  s ince the abomasum is  a sacular 

organ , with numerous  fo lds d i vidin g  the  c ontents , c o l l ec t ion  of  a 

representative  s ample o f  abomasal dige s ta is difficul t .  Th erefore , the  

most suitab le  sampling site  ap pears  to  be  immediate l y  after  th e entry  

of  d i gesta into  the duodenum , prior  to entry of  secretions  o f  b il e  and  

panc reatic  j uic e .  The  ease  of c ol lec tion  of  d igesta and  measurement  of  

f low  has  b een  greatly  increased  by  th e preparation of  sheep  with  

re-entrant c annulae in th e proximal  duodenum ( Ash , 1 962 ) .  These  c annulae 

enable  th e c o l l ec t ion o f  the t otal  digesta  entering t h e  d uodenum , the  

removal  o f  a s ubsample and  the  r e turn o f  digesta via  t h e  distal  cannula . 

Failure  t o  return digesta to the  animal has been shown  t o  increase f l ow 

( Hogan and Ph i l l ipson , 1 962 ) . H arris and Phillipson  ( 1 9 6 2 )  th erefore  

suggested  that  an indigestible  marker  be  used , to  c orrec t total  f low  to  
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1 00% recovery  �f the  marke r .  They  also  sugges ted th at the v ol ume  of  

subsamp l e  taken  for  anal ysis be  replaced  with donor  digesta  prior  t o  

return o f  the  c o l lected  digesta to t h e  animal . H owev e r ,  a numb er  o f  

workers h av e  reported  that this method  o f  t o tal c ollec tion · t ends  to 

depress d igesta  f l ow ( Topps e t  al . ,  1 968 ; Mac Rae and Armstrong , 1 9 69 ; 

Nicholson  and S utto n ,  1 9 69 ; MacRae e t  a l . , 1 972 ) .  K l ooster  e t  al . 

( 1 9 7 2 )  f o und that  this  depression  ·i n  f low  was onl y temporary , and 

c ontinuation  of  the  c o l lection  for  72h  showed  a recovery  in  flow rate . 

S ince th e c ol l ec t io n  and return of d igesta is extremely  tedious , s e veral  

attempts to  c o l l e c t  and sample  digesta  automatical l y  h av e  b e e n  made . 

Very  l ittle  data  from the use  of  automatic samplers h as as y e t  b e en  

published  ( Tas e t  al . ,  1 974 ; Mac Rae , 1 9 7 5 )  and these  s ampl ers are not  

generally av ailab l e . 

An al ternat iv e procedure is to  take  spot  samples . Th e s e  h a v e  the  

advantage o ver  c ontinuous sampling techniques  in  that they  are  less  

traumatic to the  animal and less  laborious for  th e exp erimen ter . MacRae 

and Ulyatt  ( 1 9 72 ) c ompared the  use of  spot  and c ontinuous s ampling  

techniques  and  f ound  c lose a greeme nt b e tween the two methods, although 

more v ariability  was ap parent  wh en  es timating flows from s p o t  s amp l ing . 

I n  general , s p o t  s ampl ing techniques  are  used  for sheep  prepared  with 

simple  T-shaped  cannulae . These c annulae are eas ier  t o  imp l an t  and 

maintain than re-entrant c annulae . H o wever , sheep with re-entrant  

cannulae were used  for  th e present  e x p erimen ts ( Chapters 3 and  4 ) ,  and  

a variation  of  the spot  sampling  techni que was  employed  ( Walker  e t  al . ,  

1 975 ) .  Twelve  spot  s amples were c o l l e c ted over a period  o f  three  days . 

There were  four  sampling times per  day , with a 6h interval b e tween e ac h  

sampling  t ime . D a i l y  groups of  s ampl ing  times were s eparated  b y  a n  Bh  

interval . Henc e ,  i f  samples on  the  f irst  day  were collected  at  1 0  am , 
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4 pm , 1 0  p m  and 4 am ,  the next  s ample  would  b e  c o l l ec ted  a t  1 2  noon . 

The use  of  re-entrant  c annulae f or  spot  sampling  enables  the  

c o l l e c tion  of the total d ige sta f l owing during  the  sampling  p e riod . 

As  th e duodenum is a tubular  or gan , it was considered  that  th ere  would  

not  b e  a marked  difference  in  f low  rate  b etween the  s o lid and l iquid 

phases  o f  diges ta .  Hence it was c onsidered that o n l y  one  marker  that 

ass o c iated with either  th e l iquid  o r  solid  phas e ,  w as r equired  to  

d e te rmine b o th O M  and total  f low  rates . S ince some difficulty  h ad 

earl ier  b een  experienced  in  finding  suitable  solid  phase  markers , 

( Mac Rae and Ulyat t ,  1 9 72 ) ,  a l i q uid  phase  marker ( C r  EDTA ) was c h os en . 

( We l l e r  and Pilgrim , 1 9 74 ; Wal k e r  et al . ,  1 975 ) .  Cr  was anal ysed  b y  

atomid absorption s pec tropho t6me try . 

B .  A ccuracy of method and modificat i ons introduc e d  

I n  E x p t .  1 ,  s p o t  samples  o f  4 0 g  were taken at  each  sampling  time 

and th en  bulked . This tec h n ique  was modified prior  to Exp t .  2 ,  to  

o b tain  a more  representative  s ample . This  modific ation  involved  

r eplacement  of the tub ing  c o nnecting  the two  ends  of  the  r e-entrant 

cannula , with a Perspex c o nnec ting  piec e .  Th is h ad two s ide-arms , one 

for c ol lec tion  and one for return  of digesta ( F ig . 2 . 1 ) .  Samples  c o uld  

thus  b e  c ollec ted witho ut  d isconnection  of  the cannula  at each sampling  

t im e .  To  ensure  c ollection  of  t o tal c ontents , a b al loon  ( F i g .  2 . 2  c ) 

was inserted  through ( a )  and  i n f lated with air f rom a s yringe  ( d ) .  This  

s y r inge  was attached  t o  a s h o r t  length of  tubing  which  was  enclosed  

within  the  balloon . I nf lating the  balloon  b lock e d  o f f  the  d is tal e nd 

of  th e cannula  fo rc ing digesta  to f low th rough ( b ) .  A length of  Latex  

c olostomy  tubing  ( e )  was attached  to ( b )  and carried the  duodenal d i g e s ta  

i nto  a p lastic  c ollection  b ottl e  ( f ) .  T h e  t u b ing  c o llapsed  w h en  empt y , 

I . I 
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. 
and thus  s imulated  the  conditions of  f l ow through th e duodenum . Af ter 

250ml of  d igesta had  colle� ted  in ( f ) , the  b alloon was remov e d  and th e 

rubber  p l u gs replaced  in  ( a )  and ( b ) .  The digesta was mixed  and  a 25ml  

s ubsample taken . The  c ollec ti on  b ottle  was  th en  stoppered · and  p lac e d  

in a bas i n  of  warm wate r ,  to reheat  t h e  digesta t o  39
°
C ,  p r i o r  t o  return  

to the  animal . The collection  b o t tle  ( f )  w as th en attached  to  a 

fiexible  plastic  tube  ( F i g .  2 . 3  ) 
.
wh ich  in turn was c o nnec ted  to  th e 

re-entry  arm o f  th e c o nnec ting  p iece  ( a )  b y  a rub ber  sleeve . R e turn o f  

t h e  digests  was t h u s  achieved  b y  inv e rting  the plas tic b o t t l e  and  

removing  the  small rubber  s t opper  ( i ) . Th e rate  o f  return  of  d i gesta  

was controlled  b y  a c lamp ( j ) .  Th is  technique enabled  the c ol l e c t ion  

of  a larger  v o l ume  o f  sampl e , wh ich c o uld  then  be  subsampled  t o  reduce  

the error  associated  with each sampl e .  B y  this procedure  only  25g  

digesta were remo v e d  at  each  sampling time , and in to tal this  c omprised  

less th an 1 . 5% of t h e  daily flow . I t  was c onsidered  that re placeme n t  

o f  t h e  v o l ume s ample�  with donor  d i ges ta was not necessar y ,  s i nc e 6h 
si.(aess t>�e 

,, 
elapsed  b e tween  &aefi s ampling  tim� I n  addition ,  th e return  o f  donor  

digesta  which  h as been  fro zen  and  thawed , thus  denaturing th e protein , 

migh t h av e  a marke d  effect  on  amino  ac id  d igestion  and abs o r p tion . 

The  samples  c o llec ted in Ex p t . 1 ,  we re  bulked  overall  f o r  e ach  

sheep  on  each treatmen t ,  giv ing only  three  estimates of  flow  per  

treatment . Considerable  v ariation  be tween  replicates was  o bs erved  in  

Exp t .  1 ,  and  s amples  in Exp t .  2 were  b ul k e d  o n _ a dail y b as is . This  

should  h av e  e nab l e d  es timation of  the  repeatability  of  meas urements . 

Howev er , daily  intakes during  f l ow measurements v aried c o nsi derably  and  

this produced  large  differences i n  the  f low  estimates rec o r de d .  O n  th e 

control  d ie t ,  intake  varied b y  as much as 200g b e tween c onsec utive  days . 
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Th us , estimation of  the  accuracy o f  flow meas urement was only  

c al c ulated f o r  sheep  1 1 57 on  repl icates 1 and 2 ,  and f o r  sheep  1 3 03  o n  

r e p l icates 3 and 4 ,  w hen  th e intake  of t h e s e  sheep remained 

approximately  c ons tant . S ince  these two s h eep  were b oth  being  

s upplemented w ith formaldehyde-treated c as e i n  during  the  specified  

p e riods , a combined  s tandard error  ( SE )  was  c alculated . The SE  ob tained  

with a mean  o f  429gDM/day was  + 9 . i g/day whi�h  ind icates  a h igh d e g�ee  

o f  r epeatabil i t y .  

C .  Analysis  o f  Cr EDTA 

Prior  t o  the s tart  o f  the  f irst  experiment , two methods of 

p r eparing digesta s amples  for  atomic ab s o r ption  anal ysis  of Cr were  

tested .  I n t he  firs t method , the  samples  were ash ed i n  a furnac e , p rior  

t o  o xidation with p o tass ium bromate , a nd  they  were subsequently  

dissolved  in  phosphoric acid-man ganese sulphate solution  (Will iams 

et al . ,  1 9 62 ) .  In the s ec ond  meth o d ,  the s upernatant was prepared  b y  

c entrifugation  o f  to tal d i gesta  a t  3 B , DD D g ,  followed b y  filtration  

thiough Wh atman No . 1 f i l ter  p aper . Pre p ar ation of  the  sample  by  the  

ashing  method  of Williams e t  al . ( 1 9 62 ) only  gav e a 7 1 . 3% (± 4 . 0 )  

r ecovery  o f  added C r . A nalysis o f  Cr in t h e  supernatant ,  prepared  b y  

c entrifugation  gav e  a recovery  o f  96 . 6% ( ±  4 . 1 ) , and after  washing  the  

pellet  three  times  in  wate r ,  and ash i n g ,  no Cr was  detected . H e n c e  

f urther  t e s ts were c onducted  on  s upernatant mater ial . 

The  r o utine s t andards used  a potas s ium  dichromate solution , where  

Cr  is  present  in  a diff erent  oxidation s tate  ( ci6+ ) f r om Cr  c omplexed  

3+ t o  EDTA ( C r  ) .  T o  tes t the  v al idity o f  t h e  dichromate s tandards , 

alternativ e s tandards were made up from c h romium p o tassium sulphate  

( cr3+) b u t  no  diff erence  was  detec ted . Meas urement of Cr  with and  
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without  EDTA also  h ad no  e f fec t .  Williams et  al . ( 1 9 62 ) suggested  the  

addition  o f  1 000ppm calc ium to  s tandards and  samples , to  o verride  any  

interference  from c alcium present  in  the  diges t a .  T h e  e f fect  o f  

calc ium d uring these  tests was f ound t o  be  variabl e ,  b u t  t�e presence  

o f  c alc ium appeared  to maintain  a c ons tant recov er y . 

Th e f ollowing guidelines  f o r  the meas urement of  C r  b y  atomic 

absorption  spec trophotometry  were adopted : 

( 1 ) preparation of  samples  b y  c e n trifugation ( 3B , OOOg ) f ollowed  b y  

f i ltratio n ,  

( 2 ) dilution  o f  s amples  and s tandards with c alc ium , t o  a final  solution  

of  1 000ppm  calcium , 

( 3 ) measurement o f  th e c orresponding infus ates wi th each  b atch o f  

samples . 

2 . 3  Amino acid analys is and measurement of  spec ific ac tivities  

A .  General  amino acid  analysis  

R outine measurement o f  amino ac id  c omposition  is  now  mainly  

c onduc ted  on automated amino ac id  ana� ys ers . A wide  range of  

ins truments are av ailat le , with  adaptations for. s pecial  analytical  

r equirements ( Porter  e t  al . ,  1 9 68 ) . The  basic  principle  of th ese  

anal ysers  is  the  differential  s eparation of  individual amino  ac ids o n  a 

c o l umn  o f  ion-exchange res i n ,  b y  elution  with b uf fers o f  differing  pH  

and ionic  concentration . The  c h romatographic conditions  are  ch anged t o  

ach ie v e  the  particular anal ysis  required · ( e . g .  protein  h ydrol ysate or  

p hysiological f luid  analysis ) . Howev e r ,  analys is of  s pecific  amino 

acids by such  automated proc e d ures re quires  considerable  manipulation  

of  the  c h romatographic c o nditions to ach ieve  separation  in  a minimum 

t ime . I n  addition  the v ol ume  o f  sample  wh ich c an b e  analysed, and the  
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. 

range  of c once ntration which can  b e  accurately  detected, are  limited  b y  

th e s pecifications of  the  ins trument �  Thus , for  anal y s is o f  methionine  

s p e c ific ac tiv i ties in the experiments to b e  describ e d , c o ns ideration  

was f i rs t giv e n  to o th e r  me thods of  measuring methionine  c oncentration .  

B .  Measuremen t  of meth ionine spe c ific  ac tivity 

The c onc entration of  methion ine i n  sheep  plasma is  v e r y  l o w ,  and 

s ince  the isotope used in  th e pre sent experiments ( L-meth ionine-C 1 4  ( U ) )  

was v ery  e xpe n s ive , the spec ific ac tiv ity  ( SA )  o f  me t h ionine  i n  the  

plasma samples  was also  very  low . Th us  a technique c apab l e  of 

analysing a r e l ativ ely  l arge v o l ume of sample  wes required . 

S�ecific methods f o r  th e determination of S- ami n o  ac ids h av e  been  
I 

proposed  ( LaR u e , 1 9 6 5 ;  Kyriacou , 1 96 6 ; Rub lev , 1 973 ) .  H owev e r ,  s ince  

there  are nume rous transformations be tween individual amino  ac ids , the  

meas urement  o f  met�ionine  S A  requires  prior separation from  th e other  

amin o  ac ids . Thus , the c hoice  o f  me thod  for  de te rmining  S A  is l imi t e d  

to the  v arious  chromatograph ic m e th ods . W i t h  paper and  t hin  layer  

c� romatograph y and elec troph ores is , amino acid c o nc e ntration  is  meas ured  

b y  a colour  r eaction  o n  th e s tationary  phas e .  The mos t  c ommonly  us e d  

reagent  f o r  c o lour deve lopment  i s  ninh ydrin . H owev e r , th i s  reac tion  

r e leases c o 2 , the  loss  of  w� ich would  affe c t  the  SA  of  1 4c l ab e l led  

methionine . Thus , ide n tific ation  of  the  l abelled  ami n o  ac id  either  

inv o lves  the  r unning o f  two iden tical  c h romatograms , o f  wh ich  one  i s  

dev e loped  a n d  s o  e n ables  l oc atio n  of  the  amino acid p osition  o n  the 

s ec o n d ,  which can then be  u s ed  for sc intillation c o u n t ing , or 

alte rnativ e l y , autoradiograp h y  c an be  used to detect  r adioactivity . 

A fter  detection  of the pos i t ion  r equired , that amino acid  is eluted  

from  th e s upport  medium and  th e ac tiv i ty measured in  a sc intillation  

counter  ( Meister , 1 965 ) . Th e problem  of r unning two  chromatograms can b e  
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avoided b y  th in layer  ch romatograph y of  th e dansyl derivatives  o f  amino 

acids ( A irhart  e t  al . ,  1 973 � s ince their c o nc entration  c an b e  meas ured  

by  f l uorescence  under  UV ligh t ( Weber , 1 9 52 ) . However , only  small  

v olumes o f  sample  c an  be  applied  t o  paper  o r  th in layer  p l ates  and th us 

these  methods are not s uitable for  anal ysis o f  meth ionine  SA i n  the 

present s amples . 

Th e use  of  ion-exchange or gas c h romatograph y to meas ure  SAs  h as 

th e adv antage that th e amino acids are eluted  from the s tationary  phase  

prior  to  c olour  dev elopment . The  eluent  c an  th eref ore be  s p l i t  into  

two  s treams , o ne  f o r  c olour development , and one for  radioac tive  

counting . Thus , s ince  s tandard amino  acid  analysers were  availab l e , it  

was  dec ided  to  meas ure meth ionine  S A  using t�e  spec i f ic S-�mino  ac id  

proc edure  of Jeppsson  and  Karlsson ( 1 9 72 ) .  The  Bec kman analy s e r  at 

Applied B ioch emistry  Divisio n ,  D . S . I . R . , wh ich was used  for r o utine  

amino ac i d  anal ysis c annot b e  readily  modified  to c ollect  part  of  the  

c olumn e f f l uent  f o r  c o unting of  rad ioac tiv ity . Thus , a J eol  ( JLC  6AH ) 

amin o  ac id  anal yser  at Ruakura Animal R es earch Centre , H amilton  was 

used f o r  the measurement  of methionine  SAs . 

C .  Discrepancy be tween amino acid anal ysers  

Th e ch romatographic  procedure of  Jeppsson  and Karlsson  ( 1 97 2 ) , 

wh ich  was used  for  meas uring methionine  SA on  the
. 

Jeol , o n l y  s e p arated  

the  f o l l owing amin o  acids : v al ine , c y s teine , methionine , i s o l eucine , 

leuc ine , tyrosine and ph enylalanine . Theref ore a c omplete  

physiological f luid  analysis for  d uplicate  p lasma s amples  f o r  each  

sheep  f rom each replicate was als o run . The  details  o f  Exp t .  1 are 

giv e n  in Chapter 3 ( Expt . 1 ) , but  the  basic  design inv olved  three  

treatments ( untreated  s ilage , formaldehyde-treated s ilage , and  untreated  



T ab l e  2 . 1  A c ompa r i s o n  o f  th e o b s e r v e d  pl asma meth i o n in e  

c o n c e n trations as m e a s u r e d  o n  a J e o l  o r  a B e c kman 

(in par e n th e ses) amino acid analys e r . (i-Jm o l e/1 ) 

R ep. 1 R ep. 2 R ep. ;3 

1 2 U n t r e a t e d  9 . 6±1 . 7 ( 7. 5 ) 6 . 7±0 . 7  ( 6 . 0 )  1 1  .. 2;t1 . 6  ( 9 . 6 )  s ilage 

T r e a t e d  9 . 6±1 . 9 ( 7 . 2 ) 1 2 . 4±2 . 0  ( 1 0 . 3 )  1 3. 7;t2. S  ( 9 . 4 )  s ilage 

U n t r e a t e d  1 1 . 8±1 . 2  ( 1 9 . 0 ) 1 1 . 7±2 . 1  ( 1 6 . 4 )  20. 0;t1 .. 2 ( 25. 5 )  s ilage 
+ m e t  

1 f o r  e x p erimental de s i gn , s e e  Ch apter 3 ,  Expt . 1 .  
2 + t h e  SE  o f  the mean . 

T a b l e  2 . 2  A c omparis o n  of th e c o r r e c t e d  pl asma meth i o nine 

c o n c e n t r a t i o n  f o r  t h e  Jeol ami n o  a c i d  analys e r ,  w i t h  th e 

o b s e r v e d  v a l u e  f r om t h e  B e c kman amino ac id an alys e r  (i n 

pa r e n t h e s e s ) .  

R ep. 1 R ep. 2 Rep. 3 

U n t r e a t e d  9 . 21 ( 7 . 5 )  5 . 5  ( 6. 0 ) 1 1 . 3  ( 9. 6 )  s ilage 

T re a ted 9 . 2  ( 7 . 2 ) 1 2. 8  ( 1 0 . 3 )  1 4 . 5  ( 9 . 4 )  s ilage 

Untreated 1 2 . 1  ( 1 9 . 0 ) 1 1 . 9 ( 1 6 .4 )  22 . 6  ( 25 . 5 )  s i lage 
+ m e t  

1 v alues f r o m  Jeol amino ac i d  anal y s e r , c o r r e c ted with th e regres s i o n  
e q u a t i o n : 

Y = 1 . 281 X - 3 . 062 wh ere Y i s  the c oncent ration m e a s u r e d  o n  
th e B e c kman 
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s ilage + intraperitoneal  ( I/P )  m e th ionine infusion ) , w i th th ree s h e e p  

p er  treatment in  a L a t in  Squa re design, giv ing  nine s ep arate  samples . 

Th e p h y s iological f l uid anal ysis  was c arried  out  on a B ec kman 1 20C 

ana l yser  using  a two c o l umn proc edure . However , th e c oncentrations of 

the  s ix amino acids ( c y s teine  c o ncentrations wer e  too  low  t o  meas ure ) 

meas ured o n  bo th anal y s e rs d iffered  markedl y  with th e i nstrument  us ed . 

The  v alues  o b t ained on the B ec kman wer e  higher  than th ose  o b tained  on  

th e Jeol , for  all  amino ac ids  exc ept methionine in th e plasma  o f  sheep  

on tuo  o f  the  treatments . A regression  relationship  was  f itted  b e tween  

the B e c kman values ( Y) and  the  Jeol  v alues ( X) ,  us ing  the c oncen trations  

of  each  o f  th e six amino  ac i ds , from each o f  th e nine  samples  anal ys ed . 

This r eg ression  relationship  is g iven  in F i g .  2 . 4 .  T h e  c o r relation  
I 

coefficient  o f  0 . 99 indicate s  a c o nstant  relationshi p  between  th e two 

analysers , independent of  th e amino acid c ompared . H o wev e r , th e 

conc entration of  me thionine in  th e plasma o f  sheep r e c eiv i n g  I/P 

me th ionine  inf usion did not  f ollow  th e gene ral t rend ( Tabl e  2 . 1 ) .  This  

is not  apparent  from  F i g .  2 . 4 , owing to  th e low c onc e ntrat i on  o f  

meth ionine  in s h e e p  plasma . C orrection  of plasma me t h ionine  

c onc entrations us ing  t he  re gression  r e lationship ( Y  = 1 . 2 8 1 X - 3 . 062 ) 

( Table  2 . 2 )  pr oduce d  l i ttle  c h ange  in th e ac tual v al u e . Th us , t he  

meth ionine  c oncentration  in t he  p l asma of s h eep fed t reated and 

untreated silage r emained  h igher  from th e Jeol than f rom t h e  B e c kman , 

this  difference  b e i ng only  s l igh t l y  g reater than th e S E .  B y  c o ntras t ,  

the  p l asma  me thionine c oncen tration i n  sheep  rec eiving  I/P inf u s io n  of  

met h i onin e , r emained  h igher  on  th e Bec kman than  t he  J e ol .  Thus , there  

appe ar  to  be two  s e parate aspects  of the  differences  be twee n  

anal ysers . Th e first  i s  a d ifference  i n  all  amino  ac ids wh ich c an b e  

descr ibed  b y  t h e  r e gression  relationship  in  Fig . 2 . 4 .  The second  is  a 



Tab le  2 . 3  Th e effec t  o f  f r e e ze-drying on plasma amino  ac i d  

c o nc entration  (�mo l e/1 ) I 

Untreated  sila1e Untreated silage 
(Rep. 2) + met  (R ep. 1 

B ef o re A fter  Before  A fter  

V al ine  8 5 . 4  84 . 0  1 1 1 . 6 1 04 . 4  

Methionine 1 8 . 3  1 8 . 4  4 . 9  5 . 6 

I s o leucine  . 40 . 8  4 5 . 7  4 2 . 4  42 . 8  

L euc ine  69 . 0  7 5 . 2  65 . 1  60 . 0  

T yrosine  2 7 . 4  30 . 6  3 0 . 4  3 2 . 4  

P henylalanine  34 . 9  4 1 . 0  2 1 . 9  24 . 3  

Tab l e  2 . 4  C omparison  o f  c ol our f ac t o rs, denoting th e e ffic i e ncy 

of ninhydrin  reac tion  from  Jeol  and  Bec kman amino ac id  

a nalysers 

B ec kman Jeol  1 9 74 Jeol  1 9 76 

V al i ne 1 . 0 5  + . 02 8  0 . 92 + . 048 1 . 44 + • 1 1 8  

Methionine  1 .  02  + . 03 9  0 . 8 7 + . 046 0 . 84 + • 07 1  

I s o l eucine  0 . 84 + . 1  O B  0 . 82 + . 057 1 . 1 6  + . 1  0 7  

L e uc in e  1 .  0 1  + . 04 6  0 . 75 + . 056 1 . 0 2  + . 069  

Tyrosine  1 . 0 1  + . 04 0  0 . 79 + . 050 1 .  01  + . 0 89  

P h enylalanine 1 . Q 1  + . 05 1  0 . 82 + . 03 1  1 . 0 1  + . 07 6  
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treatment e f fect  on  t h e  d ifference  in me thionine c oncentration  b e tween  

analysers . 

To try  and f i nd the  reasons for  th ese  d ifferenc es , the  f ollowing  

p oints of procedure  will  be  dis c ussed relative  to  e ac h  amino ac i d  

anal ys e r :  

( 1 .) method o f  samp l e  pre paration , 

( 2 )  s ampl e  s torage t ime , 

( 3 )  method  of  calcu l ating  results , 

( 4 )  different  ch romatographic c onditions . 

( 1 ) Method  o f  sampl e  preparation : Th e v olume  of  s ample  applied  t o  the  

r esin  on the  Jeol  amino  ac id analyser  is a c ons tant D . Bml . The  s amples  

for  anal ysis  of  methionine  SAs were ther e f o re firs t freeze-dried , and 

then re-c ons tituted  in 1 ml of D . D 1 N H Cl  to  enable the analysis  of  a 

l arger v o l ume of  plasma . The s amples appl ied to  the  B e c kman c o lumns 

were not f ree ze-dri e d .  Howev er , anal ysis  of duplicate samples b e f ore  

and  after  f reeze-drying indicated no marked  effect  of  this  treatment  

( Table  2 . 3 ) .  

( 2 )  Time of  s torage : 
. 0 All  p lasma samples  were stored  at  -20 C f o r  at 

l e ast  s ix month s pr ior t o  analy s is � Th e c omplete physiol ogical  f l uid 

anal ys is ( Be c kman ) was c onduc ted  some months after the  meas uremen t  of  

methionine  SAs  ( Je o l ) .  H owev e r ,  the c oncentrations meas ured o n  t h e  

Jeol  were l ower  t han  th ose meas ured on  th e Bec kman , a n d  thus  l o s s  o f  

amino acids during  storage c anno�  explaiQ  th e ov er�ll  c oncentration  

difference  between  analysers . S torage loss  c ould explain  the  s l igh t 

differe nc e between  analysers i n  the meth i o nine c oncentrations i n  th e 

p lasma o f  sheep f e d  treated and untreated  s ilages , since  meth ionine  h as 

been  sh own to  b e  p articularly  susceptibl e  to degradation  on  s to rage . 
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Howev er , the meth i o n ine concentration in the pl asma of s heep  

rec e iv in g  I/P meth i o nine  was  h i g h e r  on  th e Bec kman than  the  J e o l , and 

cannot  th e refore  be attribu ted  to loss with s torage . 

( 3 )  �alc u lation  of results : Reaction o f  amino acids with ninh yd r in is 

recorded as a s eries  of  peaks , the areas of  which  represent  the 

c oncentrat ion o f  the c o rres ponding  amino  ac ids . Calculation  of the  

areas unde r  the  peaks was carried  out b y  a computer  for  th e me th ionine  

S A  analys i s  ( Jeol ) and b y  h and  for  th e ph ysiologic al f luid  anal y s is 

( B e c kman ) . R ecalculation  b y  hand  of r andomly  c h osen  c omputed  anal yse s 

f rom  the  Jeol , i ndicated  no  c ons istent  differences b e tween computer  and 

hand  c alc ulatio n .  Calc ulation  of  the amino ac id  c oncentrat ions f rom th e 

peak  are a ,  inv olved  the use  o f  a c onv e rsion  fac t o r , r elated to the  area  

of  a n  inte rnal standard (�leucine ) .  Norl euc ine  ( NL ) ( 0 . 1 00jJm o l e )  was  

appl i ed t o  the  column with e ach  s ample , and  also with a s tandard mix  of 

amino  a c ids . This s tandard mix c o ntained 0 . 1 00�mole of each  amino ac id  

r e q u i red . The  relationship  b e tween  the  peak ar ea  for  a s p ecif i c  amino  

ac i d  in th e s tandar d  and  t he  a rea  under  th e peak  for  N L , gave  t h e  

e f f ic ienc y of ninh ydrin  reac t ion for  e ach amino ac id , relative  to  NL . 

Th e r atio of amino acid area to  NL  area in  the  sample  could  th e n  be 

div ided b y  the rat io  in  the s tandard , and thus c orrec ted  for the 

e f f ic iency  of ninh yd rin reac tion  for  e ach  amino ac id . The ratios  

ob tained  f rom c h romatograph i n g  a stand ard  mix of  the  s ix amino  ac ids 

relev ant t o  th is  d iscus s i o n ,  should  be  c lose  to 1 . 00 . The actual  v a lues  

ob t a ined  f o r  e ach analyser  a r e  p resented i n  Tab l e  2 . 4 .  Th e v al ues 

ob tained  at  th e time of  anal y s is on  the Jeol  ( 1 974 ) w e re  g e nerall y  l owe r  

th an  those o btained  on t h e  B eckman , a n d  l a t er  v al ues ob tained o n  the 

Jeo l . Th e difference  i n  c ol o u r  f actors  for  the Jeol as measured i n  1 9 74 
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and 1 97 6 ,  toge ther with the lower  conc entrations determined  on the  Jeol  

than  the  Beckman  suggests  th at the  c o l our f ac tors u sed  in  1 9 74 may  not  

have  been val i d .  The dif ferences  between the two  Jeol  s tandards are  

not  c ons i s tent  for all  the amino acids , and  thus  can n o t  e x plain  th e 

regress i on  relationship  found  f o r  all amino ac ids between  the  two 

analys ers . However , th e c ol our  f ac to r  for me th ionine was not 

s ignificantly  d iffe rent as measured  i n  1 9 74 or  1 9 76 , and t h us the 

meth ionine  SA meas u rements appear  to be valid , at l eas t  f o r  th e sheep  

on  t r eated and  untreated silage . 

( 4 )  C h romatograph ic procedure :  The  Jeol  analyses  us e d  two b uf f ers  of  

pH  2 . 82 and  3 . 66 ,  w ith no  temperature c hange . The  B e c kman anal yses  for  
, 

the icidic and neutral amino ac ids  u�ed  buff ers of p H  3 . 25 and 4 . 30 ,  

with a tenperat ure change from  3 0  - 62 . 5
°

C .  Th us th e e lution  t imes f or  

the  i ndiv i dual amino  ac i ds d iffered  b e tween t he  two instruments . Henc e ,  

i f  unidentified  ninh ydrin-pos itive  compounds were als o  present  i n  the  

plasc.a s amples , the y  migh t h av e  b een  eluted from  th e two  ins truments in 

different  regions of th e chr omatograph . Th e elution of s uc h  a c ompound 

with  meth ionin e ,  in  plasma f rom s h eep  r eceiv ing I/P m e th ionine , o n  the 

Bec kman , m igh t explain  the  h igher  c onc entration  meas ured  f o r  s h e e p  

r e c e i v ing  th is  treatment , on  the  Bec kman c ompared t o  t h e  J e o l .  Oxidation  

o f  t h e  S-amino ac ids p r ior  t o  analys is d id  not  r e veal  an  addit ional 

peak i n  p l ace  of me thionine . I n  addition ,  attempts t o  s eparate  and 

re-ch romatograph th e methionine  peak  f rom the Bec kman analys is were  

unsuc cess f ul ,  part l y  as a r e s u l t  o f  the  very  low  c oncentration  o f  

meth ionine  i n  the  p lasm a .  T h us , the  p resenc e o f  a n  impur i t y  

contributing  t o  the meth ionin e  p e a k  i n  th e p hysiol o g i c al f luid  analysis  

f rom  s h e e p  rec e iving I/P meth ionine  infusio n ,  remains a poss ible  

explanation .  
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No d e fini�e c onclus ions on the  d i s c re p ancy in amino  a c id 

concentrations as d etermined on the  B e c kman and Je ol amino ac id  

anal y s ers can be  given . However , the most  likely  ex planation  for  the  

diff e renc e  in methionine  concentrations  app e ars to  b e  partl y  d u e  to a 

storage e ffec t ,  and partly  t o  an unide n tified  c ompound  contributing t o  

th e �eth i o nine c onc entration i n  sh eep receiv ing I/P infus i o n  as 

dete rmined on the B eckman .  Henc e th e c onc e ntrations d etermihed f or  

meth ionine  SA appear  to  b e  v alid . Th e c onc entrations of t h e  o t h e r  

amin o  ac ids  w e r e  d e termined to  s t ud y  th e e f f ec t  of th e var i o us 

treatments , and  th us  c omparisons between  s amples determin e d  on  the  s ame 

analyser are also v alid , with  th e qualific ation that th e m e th i onine 

peak may not be pur e .  

2 . 4  Meas uremen t  o f  mic robial  pro tein  synth esis 

Several m e thods  for measuring the proportion of mic r o b ial-N in th e 

total pro tein available  to the animal at t h e  duodenum have  b e e n  

proposed . Dir ect  estimation may b e  ac h iev e d  b y  meas u r ing t h e  d e gree  o f  

inc o r poration o f  a s pecific c omponent  i n t o  mic robial prote in , This 

estimation requires acc urate meas urement  o f  the conc entra t i o n  o f  the  

component  chos e n, i n  a pure  s ampl e  of  r umen mic ro-organisms . Th is 

sampl e  must n o t  be  contaminated b y  p l ant  material and mus t b e  

representative  o f  t h e  micro-organisms present  in t h e  rumen . S eparation  

is  achiev ed  by  dif f erential c entr i f ug ation of  a large  volume  of  dige s t a .  

Resuspens ion and recentrifugation o f  t h e  b ac terial l ayer  i s  necessary  

to ensure  pur i t y ,  and examination with  a microscope  to  c h e c k  f o r  

contamination  with plant material should  a l s o  be  made . I m p ure  s amples 

mus t be d iscarded , Th e s eparation o f  a pure sample  is  a d i f f icult , b u t  

ess e n tial part o f  a n y  method  f o r  meas uring  microbial p r o t e i n  s y nthesis . 
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The  micro b es are usually  separated from r umen  digesta , since  i t  is  more  

qiff icult  to o b tain an acc e p tab l e  preparat i o n  o f  duodenal d iges t a, due  t o  

the  small size  of p l ant particles ( Ul yatt  e t  al . ,  1 9 7 5 )  and to l ysis  o f  

micro-org anisms  i n  t h e  acid c onditions of  t h e  ab omas um ( B e ever  e t  al . ,  

1 974 ) .  T h e  sample should  also b e  prepared f rom fresh dige s ta  rather  

than  dige s ta w h ich h as b e en frozen ,  with c onsequent l ysis  o f  microb ial  

c el l s . 

Th e c oncentration o f  th e marker i n  t o t al digesta  is also  m easured , 

and thus the  p roportion of microbial-N in t o tal digest a-N i s  giv e n  b y : . 

conce ntration of  marker/ g diges ta-N 

concentration o f  marker/ g mic robial-N 

The main markers  w h ich have been used are : 

( 1 ) 2 : 6  d iaminopimel ic acid ( OAP ) ,  

( 2 )  nucle ic ac ids ( NA ) , 

( 3 )  l abel l e d  S groups  ( 3 5s ) .  

( 1 )  Oiamin opimelic acid : Th e presence of  the  amino acid  O A P  in  

bacterial cell  wal l s  was first  recorded  b y  Work ( 1 95 1 ) .  S ynge ( 1 9 5 3 )  

then reported that OAP was n o t  present  i n  p lant material a n d  th i s  led  t o  

the use o f  OAP as a marker  f o r  rumen microb ial prote in  syn thesis . 

However ,  O A P  i s  not  pre sent in protozoa  ( Rose , 1 9 68 )  and t hus o n l y  

bac terial protein  s ynth esis i s  measured . I n  additio n ,  th ere  i s  

considerab l e  v ariation i n  t h e  concentration  o f  O A P  b e tween b ac terial 

spec ies ( We l ler  e t  a l . , 1 958 ) .  Furth e G  O AP  is ab sent  from s ome bacteria  

( R os e ,  1 968 ) ,  thus , a h igh proliferation  o f  these  bac teria c ould  l ead  

to an  unde res t imati on o f  synthesis . 

( 2 )  Nuc l e ic ac ids : Smith  and Mc A llan ( 1 97 0 )  showed that  t h e  amounts o f  

NAs entering  t h e  s mall intes tine of  r uminants b o r e  l i t tle relation  t o  

dietary i n takes o f  NAs . Th e y  observed  almost  complete  breakdown  of  
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dietary  NAs in  the r umen, and c oncluded that duodenal NAs w ere almost 

entirely  m icrobial in  o rigin . Smith ( 1 975 ) pointed out  that  th e 

v ariation in  RNA  c o ncentration  of  bacte ria was much l ower  than the  

variation in  OAP  c o ncentratio n . The  c o ncentration  of  RNA  also  appeared 

t o  be  less  variable  than the c o nc entration o f  DNA  ( Mc A l lan and Smith , 

1 97 2 )  and thus the use o f  RNA  as a marker  was preferred  to DNA o r  total  

NAs . Hriwever ; this  meth od  ass umes complete  degradation  of  dietary  NA  

in  the  rume n .  This hypothes is  was tested  b y  addition  of  pure  NAs  to  

the  r umen ( Smith  and Mc A l l an , 1 970 ) b ut  the  fate  o f  d ietary  NAs in  

ins o l uble  plant material h as not b een c learly  es tablished . 

( 3 )  L abelled  S :  Nader and Walker ( 1 9 7 0 ) showed that b ac te rial 

synthesis of  S- amino  acids was more - important than d i re ct  incorporation  

of  th e preformed S-amino ac ids into  b ac terial protein . Th is f i nding  

was t h e  basis of  methods using  inf usion  of N a�5so
4 

to meas ure  rumen 

mic robial protein  s ynth e s is ( B eever  et al . ,  1 974 ; Wal ker and Nader , 

1 97 5 ) .  Howev er , other  workers  have  s u ggested  that  amino  acids per s e , 

including th e S- amino acids , are an important precursor  o f  mic robial  

protein  ( L andis , 1 963 ; Nolan  et  a l . , 1 976 ) . Thus , further  work  

app ears to be necessary  before  an  evaluation of the  v al idity  of 

35 . 
t echniques  us i ng  S label  can  be  made . 

Beever  e t  al . ( 1 9 74 )  u sed  a c ontinuous inf usion  o f  N a�5
so

4 
to 

label the meth i onine syn thes ised  i n  microbial protein . Th e y  sampled 

duode nal digesta  and meas ured SA of  meth ionine  i n  total  di gesta  and in  a 

sample of  mic r o bes , prepared f rom d uo denal d iges t a .  Knowledge o f  th e 

percentage of methionine  in t h e  microbes , and in total duodenal dige s t a  

allowed c alcul ation o f  t he  p roportion of  mic robial  protein a s  d escrib e d  

ab ov e .  H owever , se parat ion o f  a pure and representative  s ample  of 

mic r o bes from d uodenal d iges t a  is a v e r y  diffic u l t  procedure , as 



Table  2 . 5  Calculation  of microbial  protein  synthesis in sheep fed  
35  

s i l age, using S marker  (fo r  E xpt .  1 ) . 

3 5s SA  i n  
Treatment D ige s t a  

{dQmL9 
wet  w t . }  

U n t reated  S i l age 

R e p .  1 

R e p .  2 

R e p .  3 

Treated Silage 

R e p .  1 

R e p . 2 

R e p .  3 

382  

378  

926  

777 

399 

565 

3 5s SA  i n  
Mic robial  
s {dpmL�9 

21 

1 1 . 2 

4 . 5 

8 . 1  

1 2 . 3  

5 . 7  

4 . 6  

Untreated  S i lage + Meth ionine 

R e p .  1 

R e p .  2 

R e p .  3 

562  

743 

428  

7 . 3 

6 . 4  

3 . 2  

R umen 
V olurre  

ill 

4 . 7  

1 . 6 

4 . 2  

4 . 0  

5 . 6  

2 . 7  

T urnover 
Constant 

{d-1 }  

1 . 95 

1 . 94 

2 . 1 8  

0 . 58 

2 . 42 

1 .  93 

1 . 9 2  

1 . 3 5  

2 . 1 8  

1 F o r  e xperimental  des ign , see  Chapter  3 ,  E x p t . 1 

Microbial 
Protein 

Flow 
(gLday} 

29 . 2  

62 . 2  

3 2 . 4  

1 2 . 5  

5 5 . 1 

1 07 . 8  

3 9 . 6  

3 0 . 6 

64 . 0  

T o tal 
F l ow of  

Amino  
Ac ids  

{gZday} 

4 7 . 8 

4 6 . 2 

3 2 . 8 

5 7 . 6 

6 7 . 8  

7 2 . 0  

6 5 . 2  

52 . 9  

3 3 . 0 
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disc uss e d  earli e r ,  and  the  determination  o f  meth ionine SAs  i s  a c omplex  

and  tedious proces s . 

Wal k e r  and Nader ( 1 97 5 )  al s o  meas ured  microbial p rotein s ynth e s is 

b y  c ont inuous infusion  of N a�5so4 • Th e y  meas ured 
35

s S A  i n  to tal  r umen 

c ontents and in a pure  mic rob ial prep aration . The turnover  c o ns tant  

f 35  . d .  t 1 1 t d f th t f d . o r  S ln  rumen lges  a was e a  c u  a e ram  e ra  e o e c r e as e  ln  SA  

after  termination o f  the  labelled  i n fusion . Rumen v o l ume was also  

determined and  hence  to tal mic r obial-S f l ow/day was calcul ated  as : 

3 5
s S A  /g wet w t .  rumen contents  x rumen  v ol ume ( 1 ) x turnov e r  c ons tant 

3 5
s S A  / �g microb ial-S 

Walker  and Nader  ( 1 97 5 )  then ass u�ed  a c ons tant N : S  ratio  i n  microb ial 

protein  of 1 3 : 1 ,  and thus c alculated  microbial protein f l ow per  day . 

Howev e r , there  is dispute over  th e c o nstancy  of th is ratio , and v al ues  

ranging  f rom 1 0 . 7 : 1  to  2 1 . 1 : 1  h av e  been  r e por ted ( Henderic kx  e t  al . ,  

1 972 ; B ird , 1 973 ) .  Another  source  o f  error  in th is method  i s  the  

contribution  o f  r ecyc ling of labelled  S t o  and with in� th e rumen  dur ing 

th e decay peri od . This would give a low t urnov er  c onstant  and h en c e  

underestimate protein s ynth esis . 

Or  D . J . Wal ker  had been wo rking  at A p pl ied B iochemistry  Div ision , 

o . s . I . R .  j ust  prior  to th e s tart o f  t he  p res ent work , and h ence  th e 

meth od of  Wal ker and Nader ( 1 97 5 )  was used  to  estimate micr o b ial protein  

flow  during  Expt .  1 ( Chapter  3 ) .  The  res ults  obtained are  r e p o r ted  i n  

Tab l e  2 . 5  to h igh l ight  some of  th e poss i b l e  sources  o f  e r r o r  in  this  

meth o d .  Four  separate figures are  required  for c alculation  of  microbial  

protein flow  by  this meth o d .  An  error  in  any one  of  these  measurements  

will  affec t the  final resul t .  T he  resul ts sh owed considerable  v ariation  

with s ome val ues be ing h igh e r  than  th e t otal flow  of p r o te in per  day , 

-



and h ence b eing  impossi b l e .  Ove res timation o f  microbial p r otein  
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synthesis may  be due  to impure microbial  preparations  which would  g i ve  

a l o w  value  f or  th e S A  o f  the  microbes  and  h ence  a h i gh v alue  f or  t otal 

rume n- S, a nd t h us microbial protein  s ynthes i s .  The v alue  for microbial 

synthesis on treated  s il age Rep . 1 is considerably  l ower than any of 

the o th ers , r e flec t ing a low  turnover c ons tant  for  t h is animal . This  

may  i ndic ate a high  degree  o f  S r e c yc l ing in th is animal . 

Vario us c omparisons of microbial pro t e i n  s ynth e s is as estimated  b y  

s ome o f  these  methods  wi thin  the same expe riments h av e  b e e n  made ( H o gan 

and Weston , 1 9 72 ; H arr ison e t  al . ,  1 973 ; B eev e r  e t  al . ,  1 9 74 ; McA llan  

and  S mith , 1 9 74 ; Walker  and Nader ,  1 975 ) .  T h e  resu l ts s h owed 

c ons iderable v ariation . 
I 

Hence , s ince these  meth ods also  i nvolve  c ompl e x  

and t ime-c onsuming  p roc edures, and use assumptions wh ich  m a y  not b e  v ali d , 

no attemp t to  estimate mic ro b ial protein  s ynthesis was  made in E x p t . 2 .  



CHAPTER 3 

T H E  E F F E C T  OF  F O RMAL I N-TR E ATME NT AND SUPPLEM E NTAT I O N  OF S I L A G E  

D I E TS O N  TH E D I G E S T I ON O F  S I L A G E  B Y  S � E E P  
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3 . 1  I nt r oduc t1on 

N umerous  workers h av e  reported  low intakes of  silage  c ompared to  

h ay made from  the same pasture  ( Murdoch , 1 964 ; Camp l i n g , 1 9 66 ; 

Th omson , 1 9 6 6 ;  Wellman , 1 9 6 6 ;  B ishop  and Kentish , 1 970 ) . · However , 

w hile  ac e tate , butyrate , ammonia  and qmines  have  all  b ee n  suggested  as 

p ossible  intake  depressants ( Harris and R aymond , 1 9 63 ; Neumark et al . ,  

1 964 ; Mcleod  et  al . ,  1 970 ; Wilkins et  al . ,  � 9 71 ) ,  n o  single  c omponent  

of  s ilage  h as been f o und to be  a c ommon f ac tor i n  limiting  intake . 

B ar r y  e t  al . ( 1 9 7 3 )  studied  th e intake of  pasture  s ilage b y  s heep , 

and  reported  an increased in take  in  response  to b oth i n traperitoneal  

( I/P )  methionine, and f ormalin-treatment of s ilage . F o rmalin 

( formildehyde  + formic ac id )- t r e atment of  s ilage  was i ntroduced  as a 

means of protecting th e herb age protein  from  degradation  during  ensiling , 

and thus  of  increasing the p rotein  intake of  th e animal . S ince  

f ormaldehyde  h as a lso  b een  applied to  proteins to p r otect  them  from  

degradation  in the r umen ( F e rguson e t  al . ,  1 967 ) ,  f ormalin�treatment of 

s ilage migh t  also b e  expec ted  t o  increase th e f low o f  protein  into  th e 

duodenum . H e nce  the  f l ow of  m e th ionine  into  th e d uodenum  would  also  b e  

increased  b y  formali n-treatment  of s ilage . Th e r esults  of  B arry  et  al . 

( 1 973 ) s uggest  th erefore ,  that  feeding  untreated s ilage  to s heep  may 

adversely  affect  th e relationsh ip b etween th e perc entage  of  meth ionine  

in  t o tal  amino ac ids  entering  the  d uodenum , relative t o  th e perc entage 

of  meth ionine  required  b y  th e tissues . 

The  f irst  experiment to  b e  reported was th ere f o r e  undertaken  to  

s tudy  t h e  e ffec ts o f  f ormali n-treatment and  I/P methionine  infusion , on  

N digestion  in  sheep  fed  a b asal  s i lage die t .  Th e main  e f fect  o f  

f ormali n-treatment was t o  inc rease  th e flow of amino  acids  i n t o  t h e  

duodenum . I n  Exp t .  2 ,  oth e r  meth ods  of increasing  t h e  flow  of  amino 

acids  into the  duodenum were  s tudied  in s h eep  fed  s i lag e .  Th e two 
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treatments  c h osen  were : ( a ) supp lementation  with formaldeh yde-treated  

c asein  and ( b ) infusion into  th e r umen , o f  a readily  available  energy  

sourc e .  The formaldeh yde-treated  c asein  was  chosen  t o  e nsure  that  a 

h igh l evel  of  amino ac ids entered  th e duodenum . The e n ergy  source  was 

c h o s e n  as a p ossible  means of  i ncreas ing  microbial  protein  s ynthes is , 

s inc e the  water soluble  carbohydrate  frac tion of s ilage  i s  l ow ,  c ompared  

tb  that  of  h erbage ( McOonald e t  ai . , 1 969 ) . The three  treatments 

( si lage alone , s ilage + protein  and s ilage  + energy ) were aimed at 

producing  th ree  dif ferent flow  rates of amino ac ids  into  t h e  duodenum .  

Th is would  enab l e  N diges tion  and u tilisation to b e  c ompared  at  

different  levels  of  duodenal flow  rat e ,  and thus give  s ome  indication  

of o p timum levels  of suppl ementation . 

Th e effect  of  th ese  three  treatments ( Exp t .  2 )  in inc r e asing  the  

flow  of  meth ionine  into the duodenum was also  s tudied ( s ee f ollowing  

Chapter ) , and  thus  each o f  the  treatments was  also given  i n  combination  

with  d uodenal infus ion of  L-meth ionine . 

3 . 2  Meth ods 

Sheep: Mature  New Zealand R omney weth ers were used  in b o th exp er iments . 

The  weight  range was 28-44kg in E x p t . 1 and  3 1 -41 kg  in  E xp t .  2 .  T he  

sheep  were  ke p t  in  metabolism  c rates  under c ontinuous artific ial l i gh t ,  

. 0 
and at a cons tant temperature of  1 8  ± 2 C ,  with free  acc es s  t o  wate r .  

Each sheep  was p repared with a rumen cannula  and a re-entrant  c annula 

in the  p r oximal d uodenum ( B rown e t  al . ,  1 9 68 ) . 

F eed : The two silages f or  Expt . 1 ,  untreated  and f ormalin-treated , 

were prepared at I nvermay R es earch C entre , Mos giel . Th e f ormalin-

treated  s ilage  was p repared b y  applic ation  of 40% ( w/v ) f o rmaldeh yde  

( at a rate  of  4 . 7 6t/ton of f resh grass ) and  85% ( w/w ) f o rmic ac id  ( at 

a rate o f  1 . 0 0 1/ton  of  fresh  grass ) , t o  g rass  during h ar ves ting . The 



Tabl e  3 . 1  Oes
"
ign of  Expt .  1 .  

Sheep ,......"'"""'b�rs . 

Silage R ep. 1 Rep. 2 

Untreated 786 647 

Treated 731 786 

Untreated + methionine 647 731  

Fig. 3 . 1  S egu e nce  o f  sampling, Expt .  1 . 

Preliminary  

period  f o r  
1 4  days 

ad justment  

to  f e e d . 

Bal ance  
7 days 

c o l l ec t i o n .  

4 days S ampl i n g  o f  p lasma 
and expired  air .  

I nf usion  o f  
CrEOTA  and 

9 days c o l l e c t i on  of 
duodenal  d igesta 
s amples . 

Rep. 3 

1 1 57 
441  
786 
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s ilage  used in  this experiment was sent  to  Palmers ton N o r th in b u l k ,  

and weigh e d  i n t o  daily rations o f  3 . 2 kg  o n  arrival . T h ese  rations were  

s tored  at -20
°
C un til  one  day p rior to  u se . Refusals  were  weighed  

dai l y  and  s tored  at �20
°

C prior  to  determination o f  OM . Th e sheSp  h ad 

f ree  acc ess  to salt  licks during th e experiment . 

The s ilage  us e d  in Exp t .  2 was cut  and ensil ed  at Mas s e y  N o . 3 

Dair y Unit . Th e silage to b e  used  was c u t  from the  s t ac k ,  packed  into  

dai l y  rations  o f  3 . 2kg , and  stored  at -20
°

C all  in  the  same  day . Th e 

d ai l y  rations  were remov ed  f rom th e freezer  one day prior  t o  fe e ding . 

20g o f  a mineral  mix  ( S ummit Products ) was applied to  t h e  f eed e ach 

day . Dai l y  refusals  were dried  at 1 1 0
°
C for 48h prior to  w eigh ing . 

Th es e wei ghts  were c orrected  f o r  th e l o ss  o f  1 Bg v olatile  acids per 

1 00g  oven-DM ( v olatile  acids meas ured  b y  toluene disti l latio n ) , to 

c alc ulate true OM i n take . 

The daily  ration of  silage f o r  each experiment was s pread o n  a 

c ontinuous b e l t  feeder  b etween  8 and  9 a . m .  each day . This  delivered  

approximately  equal amounts of  feed  e ach  h o u r .  

Design : I n  the  first  experiment , a 3X3 Latin  Square  was ch osen , with  

three  treatments ( untreated silage , formalin-treated s ilage  and 

untreated silage  plus I/P meth i o ni ne ) , and three  sheep  p er  treatment . 

Howe v e r ,  after  the  s econd replicate  h ad been  comple ted , s h e e p  647 and  

73 1  were l osing  considerable quantities  of  duodenal fluid  f rom around  

their  re-entrant cannulae . Sheep  647 died  under  anaesthesia  du ring an 

attempt t o  rectify  th is . Sheep 731  was also replaced for the  t h ird 

repl icate , s inc e th e loss  of  f l uid  would  h ave  introduc e d  error i n  f l ow  

meas urement . Th erefore a balanc e d  Latin  Square was n o t  p ossib l e . 

Tab l e  3 . 1  gives  the  layout o f  s h e e p  numbers  in each replicate . 



Tabl e  3 . 2  Design of  Expt .  2 .  

T h e  treatments  were : C o n trol  ( c )  

C o n trol  + formaldehyde-treated c asein  ( C  + P )  
C ontrol  + s tarch/s ucrose  infusion  ( C  + E )  

M eth io nine infusion  ( +  M )  

S h e ep N o s . 8 2 1  1 1 57 1 303 

R e p .  1 c c + p c + E 

R e p . 2 c + M c + p + M c + E + M 

R e p .  3 c + E c c + p 

R e p .  4 c + E + M c + M c + p + M 

R e p .  5 c + p c + E c 

R e p .  6 c + p + M c + E + f\1 c + M 



Fig. 3 . 2  Seguence  o f  sampling, Expt . 2 .  

Preliminary  

period  f or  

1 3  days  
ad justment  

t o  f e e d .  

Balanc e , ' 

c o l l e c tion , 
7 days  � 

0 +" 

� CFEDT-A .  

3 days  C o l lection  of  
duodenal samples . 

Preliminary  

6 days period  f or  
adjus tment  
to  me th ionine . 

B al ance ,  
c ollec t ion  

7 days  � 
i�f:IIS j_.QJl 
Gf: ErED=tA . 

Collection  o f  
3 days  duodenal  

diqe s t a  s amples . 
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E ach  replicate las ted  f o r  34 days , with a 14 day "rec overy"  
wAM ea.d .. $Allep w�ts &_,/ ufl.u. .fr-e.-<;1. {Xls��e tJ r  J� :JrtlSS 

period  of  ad lib . f eeding  be tween  each replicat� The  sequenc e of  

s amp l ing  within  each  replic a t e  is  given  in  Fig .  3 . 1 .  

The s econd  experiment c onsis ted  of  two s uperimpos e d  3X3  Latin Squares . 

The  f irs t L atin Square inv o l v ed feeding  th e control  s il age plus  

suppl ements . Th e s econd Latin S quare was a repeat of the  s ame t reat-

ments � b u t  with an addi tional  duodenal supp lement o f  L -meth ionine  t o  

e ach shee p .  Th e experimental  des ign i s  g i v en  in  Table  3 . 2 .  

The  f i rst  replicate  o f  one  L atin  Square was immed iatel y  f o llowed  

b y  th e first  replic ate of  th e s econd Latin  S quare . 

f ollowed b y  a "recov ery " period  o f  ad l i b , feeding  

Th is  replica te was  
{!tAt.U·nfl ci..a /1 ) 

for  1 4  d ayJ(, and 

the s equence  th en  repeated  for  th e next two repl ic ates . Th e first  

L atin  Square  ( no me thionine ) consisted o f  replicates  1 ,  3 and  5 ,  each 

of  wh ich l asted 23 days . Th e s ec ond L atin  Sq uare ( +  meth io nine ) 

c onsis ted of  replicates 2 ,  4 and 6 ,  each of  wh ich l asted  1 6  days . Th e 

sequence  o f  sampling  within replicates is given  in F" i g .  3 . 2 .  

I n  Expt . 1 ,  th e balanc e c ollec tions were made after  an adap tation 

p eriod  of fourteen d ays . A p rel iminary period  of this  leng th was n o t  

poss i b le i n . Exp t .  2 ,  owing t o  th e shortage  of f eed . H ence , t h e  adap-

t atio n  p e riod  to feed  in  rep l ic ates  1 ,  3 and 5 was limited  to th irteen  

days , and  the  adaptation per iod  to  meth i onine · in r e p l i c ates 2 ,  4 and  6 

was l imi t e d  to six  d ays . Th e v alidity  o f  this ada ptation  p e ri o d  was 

ass e s sed b y  monitoring the  d a i l y  c hanges in  plasma amino ac id  c o ncen-

trations and th ese results a re presented  and disc ussed  in t h e  next 

c hap t e r .  

S uppl ements : Th e two s uppl ements  given in Exp t .  2 were  formaldehyde-

treated c as ein and an infus i on o f  readily  availab l e  energy . Th e form-

aldeh yde-t reated cas ein was from  th e · same b atch as th a t  used  b y  Mac R a e  

et  a l .  ( 1 9 72 ) . T h e  dail y r a tion  of fo rmaldeh yde-treated  c asein ( 4 5gDM ) 
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was spread  eve nly over the s ilage  on t h e  b elt  f eeder . H o wever , an 

es timated 5g/d a y  were not e aten by th e sheep , and  th is  amo unt  increas e d  

w i t h  inc r eas i n g  silage refus als . T h e  d a i l y  supplement  of  e n e r g y  was a 

1 : 1 mix o f  s t a rch and s uc ro s e . S tarc h has been shown  to b e  more  

effective  than  s imple s ugars , xylan  or  pec tin  in  promo t i n g  urea  

util isation  in  the rumen  ( H e ntclric kx and  Martin , 1 96 3 ) . T h e  s up pleme n t  

was infus ed  c o ntinuous l y  int o th e rum e n , b o th t o  ens u r e · an acc u rate 

supply  of  ener gy and to prev ent  p o s s i b l e  microb ial d e g radation  o n  

c on t ac t  w i th t h e  silage . Th e soluble s tarch us e d  ( TB  8 70 ,  NZ  S t arch 

C o . ) formed a gel  at  a c onc e n tration greater th an 5% ( w/v water ) . Thus,  

to  avoid infus ing large volumes of  wa t e r , sucrose  ( BDH , L a b . G r ad e ) was 

s ubs tituted  f o r  SO% of the t o tal e n�r g y  infused per d a y . The infus i o n  

was p r e p a r e d  e v e r y  second d a y ,  b y  add ing  1 00g s tarch a n d  1 00g  s u c r o s e  

t o  21  of  b o il i ng water . Th i s  s o l u tion was infused  i n t o  t h e  r u m e n  at  

approximately  750ml/day with  a p e r i s t a l tic pump . Th e sheep  on  the  

oth e r  two  tre a tments rec eiv e d  a s imil ar  v o l ume of  water  per  day , to  

equalise  any  e ffec ts of  this  volume  o n  th e animal . 

�r-MS 
Th e two J.e'o'eh of s uppleme n t  giv e n , were  c h osen to  p rovide  two 

different  flow rates of  amino  ac ids  i n t o  t h e  duodenum , relative  to th e 

c on t rol . Mac R a e  e t  al . ( 1 9 7 2 ) r e p o r t e d  th at  th e complete  60g  o f  

formaldeh yde-t reated casein suppl emen t reached t h e  d u odenum  on  a dried  

grass  die t .  T h e  45g  given  i n  t h i s  experiment , was  approximately  equal  

to  the  basal f l ow of amino acids  into  the  duodenum o n  untreated  silage  

in  Expt . 1 .  The�e i� little ��entiteti�s infsP�otisn on the utilisation 

Meth ionine  infusio n :  The  L-meth i o nine  in Expt . 1 was infused  i ntrap-

e r i t oneal l y . An  I/P c a th e t e r  ( 1 . 5mm inte rnal diame t e r , s i l as tic ) was 
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inserted as follows . Th e sh e ep was anaesth etised , a n d  a small  i nc ision 

made throu gh the skin , in th e region  of  the lower ab dome n .  One end o f  

the c ath e ter w a s  introduced into  the  peritoneal cavity  through a 1 2  

gauge need l e  and the  free end was then  d rawn s ubc u taneousl y ,  b y· means 

of  a 250cm  long stainless steel needl e ,  to emerge through the s k in 

level  with th e b ackb one . Th e incision  was then sutured . A c o n tinuous  

infus ion  was  maintained with a peris taltic p ump , using  tubing  

c alib rate d  to  deliver  1 50ml/day . Th e infus ate was made up  in  4 1  

b atc h es ,  e ach s terilised by  millipore  f iltering . The  L-meth ionine  was 

disso l v ed in  0 . 74% salin e ,  t o  give  a s ol ution  isotonic with b l o o d . The 

. concentration  o f  methionine ( 6 . 7g/l )  was c alc ulated to prov ide  1 g  

L-methionine/day . I n  prac tice �  th e f o l lowing  amounts  were i nf us ed :  

S heep  647 i n  replicate 1 rec eived  D . 9 7g/day 

" 

" 

731  " 

786  " 

" 

" 

2 

3 

" 

" 

D . 94 g/day 

1 . 0 7 g/day 

Th e L -meth ionine in Exp t .  2 was infused into the  distal  end of the 

duodenal r e-entrant c annulae . Th e meth ionine  was infused as  a 2% 

s ol u tion which was made up i n  61 b atches . Each  batch  was s t e r i l is ed 

b y  m illipore  f i l tering , and div ided  into  s eparate flasks  f o r  each  sheep . 

These were  kept  in a refrigerator  at  -4°C d uring infusion . Th e 

i nfus ion w as maintained with  a peris tal tic p ump and tubing  c al i b rated 

to  d e liver  85ml/day ( i . e .  1 . 7 g  meth i onine  /day ) .  H owev e r ,  the  p ump 

did not  maintain a c ons tant rate in repl ic ates 2 and 4 and t h ere  were  

f luc t uations in  the  daily  meth ionine infusion . The  average va lues for  

each sheep  during  th e collec tion  of  s ample s  were : 
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1 . 96 g/da; for sheep  8 2 1  ) 
1 . 77 g/day for sheep 1 1 5 7 ) R e p .  1 
1 . 97 g/day for sheep  1 3 0 3  ) 

1 . 64 g/day for sheep 8 2 1  ) 
1 . 4 7 g/day for sheep  1 1 5 7 ) R e p .  2 
1 . 64 g/day for sheep  1 30 3  ) 

1 . 8 8g/day for sh eep  8 2 1  
1 . 85 g/day for sheep  1 1 5 7 Rep . 3 
1 . 84g/day for sheep  1 30 3  

Balance c o llec tions : Faeces and urine w e r e  col l ec te d  f o r  a period o f  

s e v e n  days . F aeces were c o l l ec t e d  using  a h arness a n d  c o llection  b a g ,  

wh il e urine w a s  allowed t o  r un f r eely  into  a collection  v e ssel  

cont aining  25ml of  c onc entrated h ydrochloric acid , t o  prevent  l o ss o f  

ammo nia . A 1 0% sub sample  o f  faec es was taken  daily  and b ul ked f o r  

anal ysis . Th e remainder  was dried in a n  o v e n  at  1 1 0°C to  determine  OM . 

Dail y sub s amples  ( 1 %) of  urine  were  also  taken . Th e s e  subsamp l e s  were  

b u lked  ov er  th e s e ven day  p e riod , and s tored  at -20
°

C p rior  t o  anal ysis . 

Expired air  was collec t ed in  E x pt . 1 u sing the respiration  h o o d  

of  Ulyatt (unpublished ) and meth ane d e termined o n  a n  aliquot  us ing  a n  

Aero graph 660 gas c h romatograph . This all o wed calc ulation  o f  

me tabolis able  energy  (ME ) intake . Methane  produc tion  i n  E x p t .  2 was 

calc ulated  from the  regression e quation o f  B laxter and C lapperton  

( 1 96 5 ) i . e .  M e thane  produc tion  ( kcal/1 00kc al  intake ) = 3 . 67 + 0 . 0620 

where  0 i s  th e apparent digestibility  c o e f f icient for  ene r g y .  

Mark er  a n d  digesta s ampl e  c o llec tion : The  techniques  used  are g i ven  in 

detail  in Chapter 2 ,  but a b rief s ummary will  be giv e n  h e r e . Ch romium 

eth ylene diamine te tra acetic  ac id  ( C r EDTA ) ( B innerts  et  a l . , 1 968 ) 

was continuously  infused  into the  rumen o v e r  a period  of s ix days . 

Twelve  s teady state duodenal samples  were  c ollec ted as described  in  

Cha� ter 2 .  All  twelve  s amples  were b ul k ed  in E x p t .  1 ,  b u t  th e samples  

in  E xp t .  2 were  b u l ked on  a dai l y  basis . OM perc entage  was  determined  
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on 1 0 g aliquots by d r y ing  f o r  2 4 h  a t  1 1 0
°
C .  F urth e r  aliquots were  

c en t rifuged  twice at  38 , 0 00g  for  1 5  min and th e s upernatant  s to red  for  

c hromium analys is . The remaining  sample  �as  f r e e z e-dried and s tored  

0 
at -20  c .  Rumen samples  were  c ollected  on  th e las t day  of each 

replicate in E xpt .  1 ,  and o n  the  last  day o f  repl ic ates 2 ,  4 and 6 in 

E xp t .  2. The s amples  were  strained th rough  ch e ese-cloth , and p reserved  

b y  additio n  of 3ml 1 0N H
2

so
4 

to  1 5ml r umen liquor, prior  to s torage  at  

-20
°

C .  

Chemical analys is :  Analysis  o f  OM , N ,  energy , lac tic and acetic  ac id 

contents for E x pt . 1 were c onduc ted at I nv e rmay ( s ee B arry , 1 97 5 ) . 

The  r emainder o f  th e analyses  f or  Exp t .  1 s ilages , and the an a lysis  o f  

t h e  c ontr o l  silage f or  E x p t .  2 ,  were  c arried  o u t  a t  Palmers ton  North . 

OM p ercentages of th e s i l a ges were measured  b y  dis tillation  �ith  

toluene  ( B arry , 1 974 ) .  A sample  of  f r esh s ilage  was  squeezed  through 

c h eesecloth and th e j uic e used for  th e determination  o f  pH . 

S u b samples  of the  f e eds w e re free ze-dried and ground , p�ior  to further  

chemical analysis . Wate r  soluble  s ugars were  anal ysed  b y  the  anth r one  

meth o d  of Bail e y  ( 1 9 64 ) . Anal ysis f o r  OM , N and energy  was conducted  

i n  a s imilar manner for t h e  f eeds , duodenal co n tents and  f aeces . A l l  

analyses were c onduc ted o n  g r o und , f reeze-dried  material . The O M  

perc e ntages  of  this mat e r ial were det ermined by d r ying in  a n  o ven  a t  

0 
1 1 0  C for 24h . OM was d e termined b y  ash in g  f o r  5h in a f urnace at 

550
°

C .  T o tal N was determined  on  d ried s amples  ( 0 . 1 4 g )  and on 0 . 5ml 

urine  samples with a Tech nic on  autoanalys er , after  prior  d iges t ion  b y  

the K jeldahl  method . G r o ss energy  was determined o n  a n  ad iabatic b omb 

c al o r imet e r  ( G al lenkamp ) . U rine  samples  ( 1 0ml ) were f r eez e-dried p rior  

t o  d e termination  of energ y .  Th e amino ac id content  of feed  and 

duodenal digesta  was mea s ured  on  h ydrolysates  of  the f reez e-dried  
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material , with a Beckman 1 20C  amino acid  anal yser . H yd ro l ys is was 

c arried out with excess 6N HCl at 1 1 0
°
C for  22h , in s ealed  evac uated 

tubes , and  after rotary evaporatio n ,  the  h ydrol ysates were taken  up in 

5ml pH  2 . 2 buffer .  Ch romium . d e t e rminations were made on th e s up er-

n atants of duodenal diges t a ,  w i th an atomic abs orption  s p ec trophotometer  

( Techtron ) .  Th e samples were d i l uted 1 in  3 with 1 500ppm  c alcium .  

Rumen  ammohia was meas ured by  t h e  ·mic rodiffusion  me thod  o f  Conway  

( 1 9 5 7 )  on  strained samples o f  rumen  contents , preserved  b y  the  addition  

of  1 0N H 2s o4 saturated with MgS04 • T o tal volatile  f at t y  ac id c onc en

tration  was determined b y  tittration  with N/25  NaOH a f t e r  distil lation  

in  a Markham still . The molar  proportions of  v o latile  f atty  ac ids 

were  determined on an Aerograph  6 60 gas c h romatograph . 

Calculation  of  duodenal flow : Th e daily  flow  of  OM into  th e duodenum 

was c a l c ulated from th e known rate of  infusion  of  chromium ( Xppm/d a y )  

a n d  t h e  m easured conc entration  o f  chromium a t  the duodenum ( Yppm/ml 

s upernatan t ) . 

i . e .  OM flow  ( g/day ) = X x OM% 
y ( 1 00-Dr�% ) 

S t atistic al analys i s :  Th e r e p l ac ement of  two o f  t h e  s h e ep i n  t h e  th ird 

replicate  of Expt . 1 gave a t o tal of  f i v e  sheep  used i n  this experiment . 

Thus , f o ur  d egrees of freedom must  be  allocated  to  t h e  s ums of  squares  

for  animal  v ariation .  The t o tal  degrees  of  freedom i n  a 3 X 3 Latin  

Square are  eigh t ,  and with  two  d e grees  of  f reedom for  th e e f f ec t of  

replicates , and  two degrees of  f reedom fQr  treatment e f f ec ts , n? d e grees  

o f  freedom  are left  for  the  error  t erm . Hence  comparisons b etween  
WU't confour-deJ bcj 

treatmentsA��ld ��uiPe th e use  of  animal effects  as the  error  term . 

This  assumes that th e effect  o f  animal v ariation is n o t  si gnificant . 

Th is assumption is invalidated  b y  the  results  of Exp t .  2 ,  where  

s ignific ant diff�rences between animals were recorded .  Th us , no  valid  
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T a b l e  3 . 3 An alys is of v ar i a n c e  for E xpt . 2 .  

E ff ec t  

R e p l i c ates 

T re a tm e nts 

M e th i o ni n e  

I n t e r ac t i o n  

Animals 

E rror 

T OTAL 

( T )  

( M )  

(TXM ) 

Degr e e s  o f  
f r e ed om 

4 

2 

2 

1 

2 

6 

1 7  



Tabl e  3 .4 Th e c o mpo s i t i o n  of the  s ilages fed  in Expts  1 and 2 . 

Toluene OM % 

O rganic matter 
(% OM )  

Nitr o gen 
( % OM )  

A mino  ac id N 
( % t o tal N )  

E ne r g y  
( kcal/g ) 

Water sol uble 
sugar (% OM )  

Acetic  ac id 
(% OM )  

Lactic  ac i d  
(% OM )  

pH  

Untreated 

Silage 

20 . 0  

87 . 9  

2 . 42 

50 . 9  

4 . 48 

1 . 3 3  

3 . 6  

3 . 1  

4 . 6 

Exp t .  1 

Treated 

Silage 

2 0 . 3  

8 6 . 9  

2 . 24 

9 0 . 7  

4 . 34 

1 .  94 

2 . 4  

2 . 5  

4 . 5  

Expt .  2 

Control  

Silage 

2 1 . 9  

8 7 . 7  

2 . 5 1 

74 . 6  

4 . 27 

2 . 68 

NO 

NO 

4 . 1  



T a b l e  3 .  5 The  amino acid  compos ition  of th e silages fed  i n  

a r g  

h is 

i l e  

l e u  

l y s  

m e t  

phe  

thr  

v al 

ala  

asp  

glu  

gly  

pro  

s e r  

t y r  

Expts 1 and 2,  c ompared  with  th e amino ac i d  compos ition  

of  the formnldehyde-tre ate d casein  and an average h erbage 

(expressed  as g individual amino acids/1 00g total  amino 

ac ids) .  

Untreated  

S i l age 

3 . 4  
4 . 2  

6 . 9 

1 1 . 7 

3 . 5  

1 . 7 

7 . 0 

3 . 6  

8 . 8  

1 1 . 7 

1 0 . 2  

9 . 7  

7 . 2  

5 . 7  

4 . 6  

TR . 

Exp t .  1 

Treated  

S il age 

5 . 6  
2 . 0  

5 . 5  

9 . 9  

3 . 6  

1 . 8 

6 . 4  

6 . 3  

6 . 5  

8 . 0  

1 1 . 3  

1 1 . 2  

6 . 9  

6 . 7  

5 . 4  

3 . 1  

C ontrol  

S ilage 

2 . 8  

3 . 2  

5 . 4  

9 . 1  
4 . 6  

1 .  8 

7 . 2  

5 . 8  

7 . 1  

1 0 . 8  

1 1 . 4 

1 0 .  1 

7 . 4  

5 . 6  

5 . 0  

2 . 8  

Expt .  2 

Treated  

Casein  

3 . 5  

2 . 6  

4 . 9  

8 . 9  

6 . 6  

2 . 6  

5 . 0  

4 . 0  

5 . 7  

2 . 7  

7 . 1  

23 . 2  

1 . 8 

1 0 . 0  

5 . 9  

5 . 42 

1 H erbage 

4 . 8  

2 . 1  

5 . 6  

8 . 8  

7 . 2  

2 . 4  

5 . 7  

5 o 9  

6 . 4  

7 . 1 

1 1  . 1  

1 2 . 8  

6 . 1  

L! 0 2 

5 . 5  

4 . 2  

1 Data  f r om MacRae  and Ulyatt  ( 1 974 ) f o r  average of three  h e r b ages . 

2 V al u e  for  t yros i n e  taken  f o r  untreated  c asein , since  th e p r es e nc e  of  

f o rmaldeh y d e  d e c r e as e s  th e recov e r y  of  tyrosine af ter  h y d ro l y s is . 

{}1/}.L � eA al.) 1�'72.) ' 
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s tatis tic al  analysis  c ould  b e  carried out  for Expt . 1 .  

Expt . 2 c onsis ted  o f  two , 3 X 3 L at i n  S quares , one with  meth i onine 

s upplemen tation and th e other  with no me th i onine s uppl ementat i o n .  

Significant  differences  were  detected b y  Analys is of  Varianc e a s  

detailed  in  Tab l e  3 . 3 .  

I ndiv idual diff erenc es b etween p r otein  and energy  supplements  and 

the c ontr o l ,  were assessed  by comparing th e " l eas t s i gnif ic ant 

d ifference " ( L S D )  w i th the treatment means . The L SD ( at P <. 0 . 0 5 )  was 

c alc ulated as : j2 
r
S E  

x 
t0 

� 
where  SE  is th e s tandard e rror  of  th e treatment  means , 

r is th e numb er  of  means used  t o  compute  th e S E , 

t
0
?� is  the  " t " value  at th e 5% level  of s i gnif ic anc e .  

3 . 3 Res u l ts 

The c h emic al c ompos it ions of  the  s il ages  fed in E xp t s . 1 and  2 are  

given  in  Table  3 . 4 .  The  water  s oluble  s ugar  c ont e nt o f  the h erb age  

ensiled  in  Expt . 1 w as 1 6 . 2% ( B arr y ,  1 975 ) .  A compar ison of  th i s  

c onc entration  c ompared to  th ose  o f  th e treated  and untreated s i l ages  

( Tab l e  3 . 4 ) 1  indicates that consid erable  f e rmentation  of  th e c a rb o

h ydrate f r action  took  p lace  in b oth s ilage  stacks . Th e amino  ac id-N  

i n  th e total N f rac tion  was markedly  h igh e r  on  th e treated than 

untreated s ilage . The  amino ac id-N c oncentration of  th e c on trol s i l age 

in E x p t .  2 was b etw een  those of th e t reated  and untreated  silages  

( Expt . 1 ) .  

The amino acid compositions  of  t h e  s i lages f rom b o th experiments  

and  f o r  the  formaldehyde-treated c as e in s uppl ement ( Ex p t .  2 )  a r e  given  

i n  Table  3 . 5 . S ince the  amino acid  c ompos itions o f  th e original 

h erbages w ere not  availab l e ,  the  s i lage  c ompositions  are  compared with 

t he  average  amino ac id  c omposition  of th r e e  h erbages , taken from 



T a b l e  3 . 6  The OM, energy, ni trogen, non a�ino aoid N, and amino acid  

intakes  o f  sheep fed  silage (g/day). 

E xpt . Treatment Meth ionine  Silage OM To tal OM Nitrogen Amino 
!:!.£· intake i ntake intake acid 

intake  

Mean  Mean  Mean Mean 

1 Untreated 

Rep . 1 574 ) 1 3 . 9  ) 45  ) 
Rep . 2 63 1 ) 599  599 1 5 . 3  ) 1 4 .·5 4 9 ) 47 
Rep . 3 593 ) 1 4 . 4  ) 4 6  ) 

Treated 

Rep .  1 480  ) 1 o .  8 ) 6 1  ) 
Rep . 2 561  ) 564 564 1 2 . 6  ) 1 2 . 7  72 ) 72 
Rep .  3 650 ) 1 4 . 6  ) 8 3  ) 

Untreated  + 

Rep .  1 640 ) 1 5 . 5  ) 49  ) 
Rep . 2 633 ) 620  620 1 5 . 3  ) · 1 5 . 0  49 ) 48 
Rep . 3 587 ) 1 4 . 2  ) 45  ) 

2 C o n tr o l  4 1 3 4 1 3 1 0 . 4  48 

+ protein  651  688 22 . 2  1 1 4 

+ energy  576  669  1 4 . 5  65 

C ontrol  + 587 587 1 4 . 7  68 

+ protein  + 672 71 0 23 . 0  1 1 8  

+ energy  + 64 7 734 1 6 . 2  74 
. 

S E  1 7 . 4  0 . 71 '2 . 5  

Treatment  s i gnif icanc e ** ** ** 

Methionine  s i gn i f ic ance  �- ** ** 

Animal s i gnific ance ** * ** 

* p < 0 . 05 
** p <. o .  0 1  



VolLntary OM i n tak� 
Expt . 2 ( g/d ay ) 

500 

3 0 0 1  

700 

500 

300 

700 

0 
0 0 0 

0 
o D  

500 

0 

300 

0 

F ig. 3 . 3  Ch ange 

• 

0 • 

• 

0 
• 

Dooo DD • 0 • 0 OD 0 o •• 
0 • 

0 

= 

1 0  20a 
Time (days ) 

• •  • •  -0 • 
• • • • 

•• 

•• • 
• • 

•• • • 
11 • 

� 
0 c ontrol 
• c ontrol + met  

1:::.. + protein 

A. + protein + met 

0 + 
• + 
30  

energy 
energy + 

0 40 

met 

in v o l untar� O M  intake  with t ime - Expt .  2 
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MacRae  and  Ulyatt  ( 1 9 74 ) .  The  c ompos i t ion  of  the  treated s ilage  

{ Expt . 1 ) was c los e r  to tha t  of h erbage  th an  t o  t h e  untreated  s ilage . 

Considerable d iffe�ences  bet ween the  c ompo s i tion of t he  c o n tr ol  

silage  ( E xp t .  2 )  and  f o rmald ehyde-treated  c asein , were  rec o rded  f o r  

alanine , aspar tate , gl u tamate , g l y c ine  and proline . 

The OM , N and amino  ac i d  ( A A )  intakes  for  bo th experiments  are 

giv e n  in Table  3 . 6 .  The main diff eren c e  in Exp t .  1 was a n  i nc re ased AA  

intake on  treated s ilage , due  to the  h i gh e r  concentration of  amino 

ac ids  in the  s ilage . 

Th e intakes i n  Tab le  3 . 6  repres e n t  th e mean daily  intakes 

calculated  from  th e total intake over  the  l as t  three days o f  each  

repl ic ate . Th is c o�parison was  ch os en , b ec ause the intakes  in  Expt . 2 
changed  with t ime after  the s tart  of  e ach r e plicate .  Separate  plots  

for t he  mean d aily O M  intake on each  t reatment , are  given  in  F i g . 3 . 3 .  

The i ntakes ( T able 3 . 6 ) for repl icates  1 ,  3 and 5 were  cal c ulated  over  

time ( a )  and f o r  r e plic ates 2 ,  4 and  6 o v e r  time ( b ) .  I t  c an be  s een  

from F i g .  3 . 3  that there was a gradual  dec rease  in  intake o f  th e c ontrol  

silage  af ter t h e  f irst  t en  d ays o f  fe e ding . Th is decline  c ontinued 

until the star t of the  L-meth ionine  i nf usio n ,  wh en  in take b egan to 

inc r e ase . Howev e r ,  during the time  of infusion measured , i ntake did 

not r e turn  to th e l evel  at the s tart  o f  the experiment . S up plementation  

with protein a nd  e nergy main tained in take  at  a h i gh e r  o v erall  l evel , 

but  s o�e decrease  i n  in take still  occ urred  prior to m e th io nine  infusion . 

OM i ntakes in Tab le  3 . 6  showed a s i g ni f ic an t  increas e  in  r es ponse  t o  

suppl ementation  ( P ' 0 . 0 1 ) a n d  t o  met h ionine  ( P < 0 . 0 1 ) .  Th ere was 

also a s i gnif icant effec t of animal v ariation  on OM i n take ( P < 0 . 0 1 ) .  

The i ndiv idual data for each s heep  are  given  in Appendix 1 .  Th e day  

to d a y  varia�ion  in intake r esul ted  i n  d i f f erenc es  in  intake  b e tween  

perio ds of  balance  collection  and duodenal f low measurement  ( s e e  



Table 3,? The metabol is�ble eneroy in take of sheep fed fornalin-treated si lag�untreated silage, and 

untrea ted silage diets supple�ented with f o rmaldehyde-treated casei�energy and pos trumi nal 

(I/P and duodenal) methionine compared to the estimated maintenance requirement . 

Treatmen t Methionine ME intake tA!l.i· 
Ii£· (kca l/day) 

� 
Untreated 

Rep ,  1 1 644 ) 
Rep , 2 16 14  ) 1 586 
Rep , 3 1 501 ) 

-� 
Rep. 1 1 627 ) 
Rep , 2 1435 ) 1 577 
Rap . 3 1 670 ) 

Untreated + 

R e p ,  1 1 562 ) 
Rap , 2 1 573 ) 1 567 
Rep , 3 1 565 ) 

2 Control - 1 235 

+ protein - 1 629 

+ energy - 1 669 

control + 1 458 

+ p r o tein + 2000 

+ energy + 1 983 

� excretion 1 

(kcalL1 00kcal 
GE intakel 

� 

7 ,9  

7 .8  

8 ,0  

8 ,2  

6 ,4  

6 , 4  

8 , 3  

8 , 5  

8 , 4  

c . 2 � excret�on 
(kcalL100kcal 

GE intakel 

� 

5,3  
9 .2  ) 6 ,0  
3 , 5  

6 . 2  5 , 7  
8 . 1  l 2.8 

7,9 
5. 4 ) 5,

·
7 

3_, 7 

NO 

ND 

ND 

ND 

NO 

ND 

Calculated f rom the regression equation of 8laxtar and Clapparton ( 1965 ) 1  

CH4 excretion ( kcal/1 00kcal G E  intake ) = 3 , 67 + 0, 0620 
where 0 is the apparent diges tibility coefficient for energy. 

2 measured in respiration apparatus for Expt. 1 

3 calculated from ARC ( 1 965)  Nutrient requirements for ruminants using the M/0 
values for the feeds. 

NO · not determined 

!:!LQ. Maintenance 

� r�t 
' kcalME 

Mean Mean 

2 . 6  1 350 

2 .8  1 320 

2 , 5  1 350 

3 , 0  1 295 

2 . 8  1 320 

3 , 3  1 295 

2 ,6  1 350 

3 ,0  1 295 

3 , 1  1 295 
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Table 3 ,8 The e f f e c t  of formalin-treatment of silage and supplementation of untreated silage diete 

with formaldehyde-treated casein, energy, and post ruminal (I/P or duodenal) methionine on 

rumen ammonia concentration and vol3tile  fatty a c i d  concentration and molar propo r t i o ns .  

Expt . Treatment Methionine Total vrA l'lolar proportio ns (%)  NH -N 
lli:.· concn, -3--" 

(meguiv/1) � Propionate. Butyrate (a�c2. 
I 

Mean P'lean Mean � 1 00nl.) 

Untreated 

Rep, 1 59,5  ) 79, 2  ) 1 1 . 1  ) 1 , 8  
Rep , 2 75 .8  ) 66.0  74, 3  ) 77 , 8  1 5 . 2  ) 1 3 , 3  9 , 5  ) 8 , 9  NO 
Rep , 3 52 ,6  ) 80 ,0  ) 1 2 . 5  ) 7 , 5  

� -
Rep, 1 59 , 0  ) 83 ,5  ) 1 1 , 0  ) 5 . 5  
Rep, 2 74 , 2  ) 58 , 5  86.2 ) 85 ,6  7 , 5  ) 8 , 8  6 ,4 ) 5 , 7  NO 
Rep, 3 62 , 3  ) 87, 1 ) 7 , 8  ) 5 , 2  

Untreated + 

Rep, 1 72, 6  ) 86,9 ) 6 , 7  ) 6 .4 
Rep. 2 82,9 ) 80 ,7  76, 6  ) 8 1 , 4  1 5 , 1  ) 1 0 , 8  8 , 7  ) 7 , 9  NO 
Rep, 3 86,7  ) 80 ,7  ) 1 0 , 7  ) 8 ,7  

2 Control + 69 . 0  66, 6  2 1 , 5  9 , 3  1 4 , 7  

+ pl'o tein + 77 , 2  60 ,8  22,0  1 2 . 8  1 4 , 6  

+ energy + 85,5  61 , 8  2 2 , 0  1 1 , 9 1 3 ,4 

SE 1 , 1  1 , 9 1 . 1  0 , 8  0 , 87 

Treatment s ignificance .. NS NS NS NS 

Animal s i gnificance .. NS NS NS .. 
NO not determined 

NS n o t  signif icant 



Table 3 , 9 The effec t of formalin-treatment of silage, and suppl ementation o f  untreated s i l age diets 

with formaldehyde-treated casein, energy and pos truminal (1/P and d uodenal) methionine on 

the perCentage of OM, N and energy intakes apparently diges ted in t he stomach of sheep. 

� Treatment Methi onine Ornanic matter N i trogen � !!.E.... � � � 
Untreated 

Rep. 1 52 . 7  ) 1 5 , 8  ) 51 , 7  ) 
Rep, 2 .  59, 2 ) 6 0 , 9  2 8 . 1 ) 2 9 , 9  5 5 . 9  ) 5 7 . 7  
Rep. 3 7 0 , 7  ) 4 5 , 8  l 6 5 . 6  ) . 

� 
Rep. 1 3 5 , 9  ) -37 , 0  ) 3 0 , 2  
Rep. 2 4 5 , 7  ) 44 , 7  -2 1 . 4 }- 2 2 . 7  3 9 , 7  ) 3 9 . 9  
Rep.  3 5 2 . 4  ) - 9 . 6  ) 4 9 . 8  

Un� + 

Rep. 1 4 6 . 5  ) 3 , 9  ) 4 5 , 4  ) 
Rep, 2 59 . 5  ) 5 7 , 9  1 7 . 0  ) 2 1 . 8  56 , 5 · )  56 , 9  
Rep. 3 67.6  ) 44 , 4  l 68 , 8  ) 

2 Control ... 50 , 3  -1 0 . 3  4 4 , 7  

+ protein - 54 . 7  1 5 . 0  5 1 , 4  

+ ene rgy - 57, 7 - e . ?  5 3 , 1  

Control + 54 , 7  4 , 8  4 9 , 9  

+ pro tein + 50 , 7  3 , 3  4 3 , 8  

+ energy + 4 8 , 7  -22 . 4  4 0 , 9  

S E  3 .
·
4 1 ,  7 2 , 8  

Treatment signif icance NS * NS 
Meth ionine significance NS NS 

NS 
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Appe ndix 1 ) . 
·
Henc e direct  c ompar is o n s  be tween  b alance  a n d  f l o w  data  

canr o t  b e  made . 

The adequacy of  th e various di e t s  i n  meeting  t h e  e n e r gy r e q uire

men t s  of  the s h ee p  for maintenance are given  in Tab l e  3 . 7 .  Th e main

tenance r equireme n ts f o r  metabolisab l e  energy  ( ME ) w e re c alc ulated from  

tab l e s  in  th e ARC  ( 1 965 ) manual on  nu t r i e n t  requirements of  ruminants . 

Th es e dep e nd o n  the  M/D value  ( Mc alME/kg OM ) of  th e f eed . I t  w o uld 

appe ar th at  th e only t reatm e n t  wh ich d id no t provide  the  s h e e p  w ith a 

greater  t h an maintenanc e in t ake of  e n e rg y ,  was the c ontrol  s il a g e  in  

Expt . 2 a nd t h is was  v e ry c l ose  to  ma in t enance . 

ME i ntakes in  Exp t .  2 were c alculated  using  a v alue f o r  m e thane  

exc r e tion  calc ulated  f rom th e regres s i o n  e q uation of  B laxter  a n d  

Clapperto n ( 1 9 65 ) . Th is  i s  c ompared w i t h  the  meas ur e d  v a l u e  f o r  methane  

exc r etion  in Expt . 1 .  The difference  reco r ded c ontributes  only  a 3% 

err o r  to the  ME intake estimated . 

Tab l e  3 . 8  presents  the  e ffect  of  f ormalin-treatment o f  s i l age and 

suppleme n tation  with  fo rmal dehyde-tr e ated  c as e i n ,  e n ergy and  p o s truminal  

meth ionine  infus ion  on  rumen  ammonia  c o n c e n trations and v o l a t i l e  fatty  

ac id ( V F A ) concentrations and  molar  proportions . Total  VFA  c o nc e ntration  

was sign ific antly  i nc re ased by s upplementation ( P ( 0 . 01 ) i n  E x p t .  2 ,  and  

the effe6 t of animal v ariation  was also  s ignificant ( P ( 0 . 05 ) . T� ere  was  a 

marked  d if ference  in  t h e  molar p r o p o r tions  of  V FA s  b etwee n th e two 

expe rime n t s .  The proportion  of ac e t a t e  was higher  and  th e p r o portion 

of p ropio nate lower  in Exp t .  1 than  E x p t .  2 .  Th ere  w ere n o  s ignific ant  

diff e renc es in r um e n  ammonia concentration  in Exp t .  2 .  

Th e effec t of the  treatments  o n  th e p ercentage o f  nutrients  

dige s ted in th e s tomach region  is  given  in Table 3 . 9 .  Th e main 

dif f e renc e in b oth expe rimen ts was in t h e  digestion  of  N in  t h e  s tomach . 



T a b l e  3 . 1 0  T h e  e f f ec t  o f  f o rm a l i n - t r e a t m e n t  of s i l age and t h e  s uppl e

m e n t a t i o n  o f  u n t r e a t e d  s i l age d i e ts w i t h  f o rma l d ehyd e

t r e a t e d  c a s e i n, e n e r qy a n d  po s t r u m i n a l  ( I/P and d u o d e n a l) 

m e t h i o n i n e  o n  t h e  i n t a k e  a n d  d u o de n a l  f l ow o f  n o n-amino 

acid -N (�J A AN) .  

E xpt .  T r e a t m e n t  Me t h i o n i n e  NAAN  i n t a k e  D u o d e n a l  D u o d e nal N A A N :  
N o . NAI\N  NAAN  i n ta ke 

M e a n  M e a n  

1 U n tr e a te d  

R e p . 1 6 . 7  ) 4 . 1  ) 0 . 61 ) 
R e p . 2 7 . 5  ) 7 . 1 3 . 6  ) 3 . 4  0 . 48  ) 0 . 4 9  
R e p . 3 7 . 0 ) 2 . 6  ) 0 . 37 ) 

T r e a t e d  

R e p . 1 1 . 0 ) 5 . 6  ) 5 . 6  ) 
R e p . 2 1 • 1 ) 1 • 2 4 . 1  ) 4 . 9  4 .  1 ) 4 . 2  
R e p . 3 1 . 5 ) 3 . 0  ) 3 . 0  ) 

U n t r e a te d  + 

R e p . 1 8 . 1  ) 4 . 5  ) 0 . 56 ) 
R e p . 2 8 .  1 ) 7 . 9  4 . 2  ) 3 . 8  0 . 52 ) 0 . 48 
R e p . 3 7 . 5  ) 2 . 6  ) 0 . 35 ) 

2 C o nt r o l  2 . 7  3 . 1  1 . 1 6  

+ p r o t e i n  3 . 6  1 • 3 0 . 35 

+ e n e r g y  3 . 7  3 . 9  1 . 0 1  

C o n t r o l  + 3 . 8  4 . 4  1 . 1 4  

+ p r o t e i n  + 3 . 7  2 .  1 0 . 56 

+ e n e r g y  + 4 . 1  5 . 1  1 . 2 3  

S E 0 . 1 5  0 . 3 5 0 . 1 1  

T r e a t m e n t  s i gn i f i c a n c e  * ** ** 

M e th i o n ine s i g n if i c anc e ** -l<"* NS 

I n t e r a c t i o n  s i g n i f i c a n c e  NS  NS  N S  

A n irnal s i g n i f i c an c e  ** NS  NS  



Table 3 . 1 1  The effect of form"l in-treatment of silage and the suppleme n tation of untreated silage diets with 

formaldehyde-treated c asein, eneroy and postruninal ( I/P and duodenal) methionine on the flow of N and 

amino acids (AA) into. the duodenul"l. 

�· Treatment Me th ionine � Duodenal Duodenal A H :  Duodena l AA : Ouadeilal N Duodenal AA 
No. � � AA ir.t a!.<e � ao % total r� 

� � Mean Mean � Mean . 

Untreated 

Rep. 1 45 ) 47.0  ) 1 . 06 ) 3 , 4  ) 1 1 . 7 ) 65 .4  
Rep . 2 49 ) 4 7  4 6 . 2  ) 4 2 . 2  0 . 94 ) 0 . 90 3 , 0  ) 2 . 8  1 1 . 0 ) 1 0 . 2  67. 2 ) 66. 6 . 
Rep. 3 46 ) 3 2 . 8  ) a. 11 ) 2 . 1  ) 7 . 8  ) 67. 3  

� 
Rep. 1 61 ) 5 7 . 6  ) 0 . 94 ) 5 . 3  ) 1 4 . 8  ) 62 . 3  
Rep. 2 72 ) 72 6 7 . 8  ) 65 , 8  0 . 94 ) 0 . 92 5 . 4  ) 5 . 2  1 5 . 3  ) 1 5.4  70. 9  ) 68.4  
Rop. 3 82 ) 7 2 . 0  ) o . 88 ) 4 . 9  ) 1 6 . 0  ) 7 2 . 0  

Untreated + 

Rep. 1 46 ) 6 5 . 2  ) 1 . 4 2  ) 4 . 2  ) 1 4 , 9  ) 70 . 0  
Rep. 2 45 ) 4 2  52 . 9  ) 5 0 . 4  1 . 1 8  ) 1 . 1 3  3 . 5  ) 3 . 3  1 2 . 7 ) 1 1 . 8  66 . 6  ) 67 .8  
Rep. 3 4 2  ) 3 3 . 0  ) 0 . 79 ) 2 . 3  ) 7 . 9  ) 66 . 8  

2 Control - 48 49.6  1 . 07 4 . 9  1 1 . 0  72. 1  

+ protein - 1 1 4  1 1 0 . 5  0 . 97 5 . 1  1 8 . 8  94 . 0  

+ energy - 67 76.6  1 . 1 4  5 . 4  1 5 . 1  81 . 2  

Control + 65 59. 5 0 . 08 4 . 1  1 4 . 0  68 . 9  

+ protein + 1 1 8  1 2 5 . 7  1 . 07 5 . 6  2 1 . 8  92 . 3  

+ energy + 74 98 . 6  1 , 36  6.3  2 1 . 0  75. 1 

SE 2 . 5  6 . 0  o . os 0 . 3 3  0 . 92 1 . 3  

Treatment s ignificance ** ** ** NS ** ** 

Methionine significance ** NS NS NS ** * 

Interaction signif icance NS NS * NS NS NS 

Animal significance * *  NS ** * NS ** 



A STUDY OF THE AMINO ACID STATUS OF SHEEP FED 

SILAGE , WITH PARTICULAR REFERENCE TO METHIONINE 

E .  MARGARET GILL 

The units omi tted trom Tab l e s  3 ,  10 and 3 . 1 1  should be 

g/ds.y 
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H ow e v e r ,  t h e  d i ges t i o n  o f  O M  a n d  e n e r g y  in t h e  s t omac h s  i n  E x p t . 1 

w e r e  a l s o  d e c r e as e d  w i t h  t r e a t e d  c om p a r e d  t o  untre a t e d  s il a g e .  T h e r e  

w a s  a n e t  a d d i t i o n  o f  N t o  t h e  r um e n  o n  t r e a t e d  s i l a g e  a n d  a n e t  l o s s  

o n  u n t r e a t e d  s i lage i n  E x p t .  1 .  I n  E xp t .  2 t h e re w a s  a s i g n if i c a n t  

dif f e r en c e  b e t w e e n  t h e  e f f ec t s  o f  p r o t e i n  a n d  ene r g y  s up p l e m e n t a t i o n  

o n  N d i g e s t i o n  in t h e  r u m e n  ( P <: 0 . 05 ) .  E n e r g y  s u p p l e m e n t a t i o n  

r es u l t ed i n  n e t  ad d i ti o n  o f  N t o  t h e  r u me n , wh ile t h e  p r o t e i n  s up p l e-

m e n t  r e s u l ted i n  a n e t  l o s s . 

C om p a r is o ns o f  t h e  i n t a k e s o f  a m i n o  a c i d s  and n o n- a m i n o  a c i d - N  

( N A A N ) , w ith t h e i r  f l o w  i n t o  t h e  d u o d e n um a r e  g i v e n  i n  T a b l es 3 . 1 0  

a n d  3 . 1 1 . Th e main t r e a t m e n t  d i f f e r e n c e  in E x p t .  1 w a s  t h e  d e c r e a s e  i n  

N A AN be t w e e n  t h e  mo uth a n d  d u o d e nu m  o n  u n t r e a ted s i l ag e , c om p a r e d  t o  

t h e  i n c r e a s e  i n  NAAN b e tw e e n  m o u th a n d  d u o d e n u m  o n  t r e a t e d  s il a g e .  

Thus , t h e  r a t i o  o f  N AAN a t  t h e  d u o d e n um t o  th e N A AN i n t a k e  was 

c ons i d e r a b l y  h i gh e r  o n  t r e a t e d  t h an u n t r e a t e d  s il a g e . F o r m a l i n-

t r e a t m e n t  o f  s i l age a l s o  i n c r e a s e d  t h e  t o t a l  f l ow o f  a m i n o  a c i d s  i n t o  

t h e  d uo d e n um o v e r  u n t r e a t e d  s il a g e , d es p i t e  lower i n t a k e s  o f  t o t a l  N 

o n  t r e a t e d  s i l a g e .  H o we v e r , th e r e  w a s  n o  t r e atme n t  e f f e c t  o n  th e p e r-

c e n t a g e  o f  ami n o  ac i d s  i n  th e t o t a l  N e n t e r i n g  th e d u o d e n � m .  Th e r a t i o  

o f  d u o d e n a l  amino ac i d s  to a m i n o  a c i d  i n t a k e  a l s o  s h o w e d  no d i f f e r e n c e  

b e t w e e n  t r eatm e nts . 

T h e  r e g r e s s ion r e l a t i o n s h ip b e tw e e n  a m i n o  ac i d  i n t a k e  a n d  th e f l o w  

o f  a m i no ac ids into th e d uo d e n um w a s  p l o t t e d  f o r  t h e  d at a  f r o m  b o t h  

e xp e r im e n t s  ( F i g .  3 . 4 ) .  T h e  c or re l a t io n  c o e f f i c i e n t  ( r ) wa s  0 . 8 2  

2 
i nd i c a t i n g t h a t  67% ( r ) o f  th e v a r i a b�l i t y  i n  duod e n a l  ami n o  ac i d  

f l o w  w as d u e  t o  v ar i a t i o n  in a m i n o  ac i d  i n t a k e .  

I n  E x p t .  2 ,  t h e  f o rma l d e h y d e-t r e a t e d  c as e i n  s i g n i f i c a n t l y  d e c r e a s e d  

t h e  r atio o f  t h e  N A A N e n t e r i n g  t h e  d u o d e n um t o  N A A N i n t a k e  ( P <:  0 . 0 1 ) 

wh i l e  e n e r g y  s up p l e m e n t a t i o n  h ad n o  e f f e c t  ( T a b l e  3 . 1 0 ) .  Mst�i�nin� 



F l m� o f  a r.+ i n o  a c i d s  
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Fig. 3 o 4  Th e r e l a t i o n s h ip b e tw e e n  amino a c i d  i n t a k e  

a n d  d u o d e n a l  a � i n o  ac i d  f lo w  f o r  a l l  t r e a t m e n t s  in 
E x p t s e 1 a n d  2 

) 

+ me t 
) E x p t .  1 

) 
met ) 

) 
E x p t .  2 + me t ) 

) 
me t ) 
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Table 3 , 1 2  The amino acid c omposi tion o f  microbial protein, and th e ef fec t of f o rmal in-treatment of s i l age, and s upplementation o f  untreated s i l age 

d i e t s  w i th f o rmaldehyde-treated case in, energy and po s truminal ( I/P and duodenal) meth i onine o n  duodenal amino acid compo s i t ion (Individual 

amino acids as a % of the total amino acids), 

Expt, 1 

Untreated T re a ted Untrea ted 
+ met 

erg 4 . 3  4 , 9  4 , 5  

his 1 , 9  1 , 8 2 . 0  

ile 5 , 9  5 , 8  5 , 7  

lou 0 , 9  9 , 2  9 , 9  

l ya 6 , 8  5 . 9  6 , 9  

met 2 . 1  2 . 2  2 . 1  
. 

ph e 6 . 1  6 , 2 6 , 0  

thr 5 . 6  5 . 6  5 , 8  

val 6 , 5  6 , 5  6 , 4  

ala 7 , 3  7 . 1  7 , 1  

asp 1 1 . 2  1 1 . 2  1 1 . 2  

glu 1 2 . 5  1 2 . 6  1 2 . 3  

gly 6 , 3  6 . 3  6 . 1  

pro 5 . 4  5 . 6  5 , 5  

sar 5 , 3  5 . 4  5 . 7  

tyr 3 , 6  3 . 6  4 , 0  

1 . 
Taken from Bergen � ( 1 968 ) 

Cont rol + P r o tein + Energ� 

4 , 7  4 , 4  4 , 6  

2 . 2  2 . 4  2 . 9  

5 , 7  5 . 2  5 , 4  

0 , 5  0 , 7  0 , 1  

6 , 5  6 , 7  6 , 7  

2 . 3  2 . 4  2 . 4  

6 , 2  5 , 6  5 . 8  

6 , 5  5 . 4  6 , 3  

6 , 2  6 , 4  6 . 2  

6 , 2  5 . 3  7 , 3  

1 1 . 7  9 , 7  1 1 . 8  

1 2 . 8  1 7 , 8  1 3 . 1  

6 . 6  4 , 7  6 . 8  

. 4 .  7 6 . 8  4 . 1  

4 , 8  5 , 0  4 . 8  

5 , 3  4 . 6  4 , 7  

---

Expt .  2 

Control + P r o t e i n  + Energ� .§!. Treatment Meth ionine 8acte r i a 1 Protozoa 1 

� � � S i�n i f ic ance Sign i f icance 

4 , 8  4 , 3  4 , 8  0 , 06 ** N S  5 , 0- 5 , 3  3 , 7- 4 , 8  

2 . 3  2 . 4  2 . 6  0 , 1 4  NS NS 1 . 8- 2 , 0  1 , 6- 2 . 2  

5 . 2  5 , 1  5 , 2  0 , 09 NS NS 5 , 2- 6 , 3  5 . o- 6 . 3  

0 , 0  0 , 4  0 , 2  0 , 2 1 N!; N!j 7 . 7- 11 , 7 7 . '•- 11 . 2  

.6 , 3 6 , 6  6 , 6  0 , 09 NS NS 7 , 6- 9 , 0  9 , 4-1 3 , 0  

2 , 4  2 . 5  2 . 4  0 , 04 NS N5 2 , 0- 2 . 2  1 . 3- 1 . 9 

6 . 2  5 , 4  5 , 8  0 , 09 ** N5 4 , 4- 5 , 1  5 , o- 6 , 0  

6 , 2  5 , 2  6 , 0  0 , 1 6  ** NS 6 . 0- 7 , 8  4 , 8- 6 , 5  

6 , 3  6 , 3  6 , 3  0 , 09 N5 N5 4 , 7- 5 . 2  4 . 0- 4 , 2  

6 , 7  4 , 9  7 . 2  0 , 1 3  ** NS 7 . 2- 7 , 6  4 , 4- 6 . 1  

1 1 , 3  9 . 5  1 1 . 7 0 , 2 1 ** NS 1 1 . 1 -1 2 , 1  1 1 . 9-1 3 . 5  

1 2 . 5  1 8 . 0  1 3 , 0  0 , 20 ** NS 1 3 . 5-1 4 , 4  1 5 . 0-1 6 . 3  

6. 5 4 . 6  6 , 6  0 , 1 8  ** NS 6 , 0- 7 , 6  4 , 1 - 5 , 5  
I 

5 . 2  7 . 4  4 , 5  0 . 1 7  ** * 2 , 4- 2 . 9  2 . 9- 6 . 0  

4 , 4  4 , 7  4 , 8  0 , 04 ** ** 4 . 2- 5 , 1  4 , 4- 5 , 1 

4 , 6  4 , 6  4 , 9  0 , 1 5  NS N5 4 . 1 - 4 , 5  4 , 2- 5 , 2  
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�t. N)j,t) of du�dt.Mo/ ,ff} Jv ItA 1nf.t,.ke- Wit S St'jllrfltca,r.Jiy decNPSnl hj 
infld&i>lR e:i�nifisa.ntly dooPoa.ood tho Fetio of duodonel AA to AA intBIW .  S4f';J/t-wreY�f�{,qn (P<:. () . 01) 0 ho 
t� ( o.os)A and there  wasfa s ignific ant  treatmen t/methionine  i n t e r-

ac t i o n  ( P < 0 . 0 1 ) ,  i . e .  wh ile  d uod e nal A A  to  A A  intake  d ec reased  in  

r e s p o nse to  me t h ionine o n  th e c on t rol  s ilage  alone , i t  inc reased  in  

r es p o nse t o  meth ionine  when  t h e  s i l age was  s upplemen t e d  with  either  

e n e r g y  or protein .  The  perce ntage  of amino acids in t h e  t o t al N 

e n t e ring t h e  d uodenum was significantly  inc reas ed b y  p r o t e i n  and energy  

suppl ementation  ( P  < 0 . 0 1 ) and s i gnificantly  d ecreased  by  me th ionine  

infus ion  ( P  < 0 . 05 ) . 

The amino ac id compos ition  of  d uodenal  digesta  in Expts . 1 and 2 

· i s  c ompare d  with  the  amino ac i d  c omposition  of  mic ro b ia l  protein  

( Bergen  e t  al . , 1 9 68 ) in Tab l e  3 . 1 2 .  Th ere  were no mar k e d  t r eatment  

d if f e renc e s  in  duodenal amino  acid  composi tion  in Exp t .  1 .  I n  E x p t .  2 ,  

p r o t e i n  s upplementation  o f  t h e  c o n tr ol s i l age resulted  in  s ignif ic ant  

d ec r e ases in the  percentages  of  arginine , phenylal anine , th r eonine , 

alan i n e ,  aspart ate and glycine  ( P < 0 . 0 1 ) and s ignificant  increases  i n  

glutamate , proline and s e rine  ( P <. 0 .  01 ) .  Energy  s upplementation  

r es u l ted in  a s ignif icant  dec rease  in  the  percentage of  phe nylalanine  

( P < 0 . 05 )  and  a si gnif ic ant  i nc reas e in the  percentages  of  alanine  and  

s er i n e  ( P < 0 . 0 1 ) .  Meth ionine  infus ion  gav e a s ignificant  increase  in  

the  p e rcen tage of  p roline  ( P  < 0 . 0 5 ) and  a s ignificant  dec reas e  i n  th e 

perc e ntage of s erine  ( P < 0 . 0 1 ) .  Th e re was also  a s i gn i f icant  i n t e r-

ac t i o n  between  meth ionine and t h e  s u pplements in  th e p e r c e ntage o f  

s e r i n e  ( P < 0 . 0 5 ) . H owev er , abs o l u t e  ch anges were small and  were  

probably  o f  l i t tle b iologic al s i gnif icanc e . Th e compo s i t i o n  of  t h e  

mic r o b ial pro t e i n  was inc luded  to  g i v e  a n  indication of  th e relative  

c ontribution  o f  mic rob ial and f e e d  p rotein  at  th e duodenum . 



Table 3 . 1 3  The effect of formalin-treatment of s i l age and supplementation of untreated silage diets with 

formal dehyde-treated c ase in, energy and pos truminal (I/P and duoden al) methionine on the percentage 

o f  0�1, O M ,  N a n d  eneroy, and the pe rcentooe of duodonal N, digested in the intes tir1e s .  

Expt . Treatment Methionine OM OM � � � 
�· - z mfa k e � duodenal /� 

� Mean Mean Mean Mea11 

Untreated 

Rep. 1 2 8 . 6  ) 1 8 . 7  ) 1 7 . 1  ) 6 7 . 1  ) 69 . 8  
Rep. 2 20 . 0  ) 2 0 . 4  1 4 . 1  ) 1 0 . 9  1 4 . 2  ) 1 0 . 7  52 . 3  ) 4 7 . 5  63 . 0  ) 58 . 2  
H e p .  � 1 2 . 5  ) 0 ) o . 8  ) 2� . �  ) 4 1 . !J  

� 
R e p .  1 5 0 . 8  ) 3 7 . 6  ) 3 9 . 4  ) 1 00 . 0  ) 7 3 . 0  
R e p .  2 3 8 . 7 ) 4 1 . 8  2 0 . 3  ) 2 5 . 7  2 2 . 6  ) 2 7 . 6  7 2 . 2  ) 8 1 . 4  59 . 5  ) 65 . 6  
R ep . 3 3 5 . 8 ) 1 9 . 1  ) 20 . 7  ) 7 1 . 9  ) 6Li , 4 

l1nlrc.:ttod + 

Rep . 1 3 5 . 8  ) 2 7 . 6  ) 2 5 . 6  ) 5 1 . 8  ) 6 1 . 5  
Rep . 2 2 5 . 3  ) 26 . 9  1 3 . 8  ) 1 5 . 8  1 1 . 2 ) 1 3 . 1  4 2 . 5  ) 3 7 . 9  59 . 1  ) 5 2 . 2  
Rep. 3 1 9 . 6  ) 6 . 0  ) 2 . 4  ) 1 9 . 4  ) 3 5 . 9  

2 Control - 4 0 . 3  2 8 . 4  2 7 . 9  76 . 3  68 . 6  

+ p r o t e i n  - 29 . 1  2 2 . 8  2 3 . 7  6 2 . 2  73 . 1  

+ energy - 29 . 3  2 5 . 7  2 2 . 6  7 7 . 5  70 . 0  

Control + 32 · '' 2 2 . 1  2 5 . 8  G S . O  G8 . 1  

+ p r o tein + 3 6 . 5  2 8 . 9  3 1 . 1  ? � . s  73 . Sf  

+ energy + 4 2 . 9  3 2 . 3  2 8 . 0  90 . 4 80 . 6  

5[ :5 . 1  1 . 0 � . 2  ., . r.., L . �  

Treatment s igni ficance NS NS NS IJS 115 

Methionine s i gnificance NS NS NS NS IJS 

Ani�1�l signif ic�nce * ** NS rJc I '' '" 



Ts�le  3 . 1 4  The effec t of formalin-treatment of silage and supplementation of  un treated silage d i e t s  w i th farraldehyje-

l. r 1 : : . t. 1 : r l  ' · ; · · · ' · i n, nnr�r 'rt ;,r.d pn· : t. 1 1 1m i n: • l  (1/r ,,nd rlund • ! ll,, l ) mnt.h i nn i r1 1 •  n n  l l11' :lpp,, r r n t  rl i nr:: t i l, i l i h  n f  f1f'l , 

0�, energy and N, and an N balance. 

E > o t .  Treatment Me thionine Q!l% Q!l% � !:!% N bala�oce 
� l.>JL!cl Mean � Mean Mean he an 

Untre;::. ted 

R e p .  1 6 8 . 8  ) 71 .3  ) 6 3 . 0 ) 07. � ) :; . 1 ) 
Re� . 2 70. 6 ) 68 . 5  73 . 3 ) 71 . 2  70 . 1  ) 68 . 4 70 . 8 ) 67 . 6 -1 .4 ) 1 . 1  
r� c. ; J • 3 66 . 0 ) 6 9 . 1  ) 6 6 . 4 ) 6 4 . 3 ) 1 . 6 )  

Treated 

Rop . 1 70 . 6 ) 73 . 7 ) 69 . 6  ) 63. 0 ) 3 . 3  ) R r:p . 2 6 3 . (, ) 67.4 66. 2 ) 70 . 5  6 2 . 3  ) 66.4 5 1 . 0 ) 58 . 1  1 . 6 ) 2 . 5  
llt..: f.J · 3 6� . 1  ) 71 . 5 ) 6 7 . J  ) 6U.4 2 . 6 ) 

Untrf"!;} tf"!d 

R e p .  1 + 70 . 9 ) 74 . 0 ) 71 . 0  ) 7 0 . 9 ) 3 . 2 ) 
Rep. 2 70 . 5 ) 70 . 5  73 . 4  ) 7 3 . 7  67. 8  ) 7 0 . 0  69 .6 ) 69. 3  1 . 9  ) 2 . 8  
r-u�p . 3 70. 0 ) 73. 6 ) 71 . 1  ) 67.5 ) 3 . 2 ) 

Control - 67 . 8  75 . 5  72 . 6  66 . 0  -0 . 6  

+ protein - 71 . 7 79 . 3  7 6 . 3  74 . 8  3 . 5  

+ e:nergy - 72 . 9 79 . 6 1  75.7  66 . 4 0 . 1  

Control + 70.8 76 . 7  7 5 . 1  69 . 7  2 , 3  

+ protein + 72 . 3  7 9 . 8  77 . 1  75.8  5 . 3  

+ energy + 73 . 7  80 . 1  76. 9  6 7 . 5 .  4 . 0  

SE 0. 97 o . 58 0 . 8 1  1 . 2 5  0. 67 

Treatment significance NS ** NS ** * 

Methionine significance NS NS NS NS -



74  

Tab l e  3 . 13 giv es  the  e f f e c t  of  f o rmalin-treatme n t  of  silage  and  

s uppl ementation  of untreated  s ilage  with protein , e n e r g y  and  meth ionine  

on  the  percentage of  nutrient  intake  and d uodenal N wh ich was  d i g e s t e d  

in t h e  intestines .  Th e p e r c e nt age  of  N entering  the  d u o denum , which  

was  d iges t e d  i n  the  int e s t ines  in Exp t .  1 ,  was sim i l ar on  all t r eatments  

in r e plicates 1 and 2 ,  but  there  was  a marked  dec r e a s e  on untreated  

silage  alo ne and �ith methionine  infusion  i n  replic ate  3 .  Th is  

d if f e renc e  in replic ate 3 was als o  apparent  in th e p e r c entage o f  intake  

which  was diges ted in  th e i n t estines , for  all  nutrie n ts . Th e values  

for  d iges t ion of  OM  and  energy  were  p articularly  l o w  and  suggest  th a t  

meas u r eme n t  of  duodenal f l ow i n  t h e s e  two s h e e p  was i nacc urate . 

H owe v e r ,  f o rmalin-tr eatmen t  o f  s ilage  still  appeare d  t o  incr ease th e 

perc e n tage of OM , OM , energy  and N intake wh ich was d igested  in  th e 

int e s t i ne s . 

I n  Expt . 2 th e r e  was no e f f ec t  of  s upplementation  o r  meth ion ine  

infusion  o n  the  perc entage  o f  intake  digested  in t h e  intest ines . 

Howev e r ,  there was a signific ant  d i f f erenc e betwe e n  animals in the  

perc e n tage of  OM  ( P  < 0 . 0 5 )  and  OM  in take ( P  < 0 . 0 1 ) digested  i n  t h e  

intes tines  • .  

The apparent  d iges t i b i l i ties  and N b al ance o f  the  s ilage d i e t s  and 

s upplements  are giv en  in  Tab l e  3 . 1 4 .  I n  Exp t .  1, N diges tibil i t y  was 

l owe r on treated s ilage than  un t r e ated  silage . The average N balance  

appeared to  increase  in  r e s p o ns e  t o  both treatment  of  silage  and  

meth i onine , b u t  th e r e  was c o ns i d erable variation within  treatme n t s . 

In Expt . 2 ,  th ere  was  no  s ignifi�ant effect  o f  methionine  i n f us ion  

o n  N dige s t i b ility . E n e r g y  and p r o tein s uppleme nts  b o th inc reas e d  OM 

d ig e s tib ility ( P < 0 . 0 1 ) and protein  increased  N digestibility . N 

balance  was si gnific antly  increased  b y  s up plements  ( P  < 0 . 0 5 )  and  b y  
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meth ionine  ( P < 0 . 0 1 ) . 

3 . 4  Disc u s s i o n  

A .  I ntrod uc t i o n  

T h e  report  b y  B arry  et  al . ( 1 973 ) th at  b o t h  f o rmalin-treatment  of  

s ilage and  I/P meth ionine  s upplementation  of  untreated  s i l age increased  

i ntake in  s h e e p ,  s u ggests that  t h �  ami n o  ac id  status  of  sheep  f e d  

s ilage m a y  b e  a n  important f ac t o r  in  c o ntrolling  intake . T h u s , th e 

main aim of  Expt . 1 was to c ompare th e e f f ec ts of formalin-tr e a tment  of  

s ilage and  I/P methionine  s upplementation  on  th e d i g e s tion  and  u t ilis

ation of  N by s h e e p . Th e f l ow rates  of  amino ac ids  into  th e d u odenum 

in  Exp t .  1 only  ranged  from 3 3-72g/day and th us two o ther  m e th od s  of  

further  increasing total amino  ac i d  availability  were  s tu d i e d  in  Expt . 

2 .  These  w er e :  s uppl ements of f o rmal d eh yd e-treated c as e i n, to  ensure  a 

h igh flow of  amino ac ids  into  th e duodenum, and ruminal inf u s i o n  of  

readily  avail abl e e nerg� to  s timulate  microbial protein  s yn th e s i s . An  

increased  flow  o f  t o tal ami n o  ac ids  into  th e d uodenum is us u al l y  

associated  with a n  inc r eased flow  o f  me thionine . Th us , t h e  e f f ec t o f  

inc r eas ing  methionine  through  i nc r eas i n g  th e to tal f lo w  of  amino ac ids ,  

was also  c ompared with  direc t infusion  of  meth ionine  into  th e p e ritoneal  

cavity  ( Expt . 1) o r  d uodenum ( E xp t .  2 ) . 

B .  F eed c ompo s it ion  

Formalin-treatment  of s ilage  in  Expt .  1 did not  appear  to decrease  

th e ferme ntation  o f  soluble  carboh y d r a t es , s inc e th e water  s oluble  s ugar 

c ontent  of  b o th silages  was low c ompared  to  th at of  h erbage  ( Tab l e  3 . 4 ) . 

H owever , th e h igh e r  amino ac id c o n t e n t  of treated s il age i n d ic ated 

i nh ibition  of protein  and/o r  amino ac i d  d e gradation d u ring  ens iling . 

Th e amino  acid c ompos i t ion o f  t h e  origi nal herbages  e ns il e d  was not  

availab l e , b u t  s in c e  th e amino  ac id c ompos ition  of  h erbages  i s  fairly  

c onstant  ( Mac Rae  and  Ulyat t ,  1 9 74 ), t h e  composition  o f  th e treated  and  
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untreated s il�ges w a s  c ompar e d  with the  c o mpos i tion  o f  p r o t e i n  f rom 

s imilar h erbage  ( Table  3 . 5 ,  Ulyatt  et  al . ,  1 9 7 5 ) . Th is  comparison  

indic ated that  t he  amino  acid  complement  of  t reated s i l age was  p r o b a b l y  

c l o s e r  t o  that of  h e rbage  th an  to  untreated  s ilage . H ence  f o rmal in

treatment  did appear to  b e  e ff ec tive  in  p ro tec ting  h e rbage  protein  f rom 

degradation  during e ns iling . Th e amino  ac id  c ompos ition  of  th e c o n t r o l  

silage  ( Exp t .  2 )  w a s  closer  t o  that  of  untreated  s ilage  ( Exp t .  1 ) t h a n  

to  h erbage ( Table 3 . 5 ) .  

The main difference  b e tween  t h e  control  s ilage ( Exp t .  2 )  and th e 

untreated and treated  silages  ( Exp t .  1 ) ,  was in  th e c o nc entration  o f  

amin o  ac i d s  ( Table 3 . 4 ) .  Th u s , while  only  50 . 9% o f  th e to tal N i n  

untreated s ilage was i n  th e f o r m  of  amino acids , 74 . 6% of  th e N w a s  in  

the  form o f  amino  ac ids  i n  t h e  c o n trol  s ilage  ( Exp t .  2 ) . Th e main  

e f f e c t  of  formalin-t re atmen t on  silage  c ompos ition  was  to  inc rease  t h e  

amino  ac id  con tent . S uch  d i f f e r e nces  in amin o  acid c o n t e n t  between  t h e  

t w o  different  untre ated  s ilages , m a y  parti ally  explain some of  th e 

reported v ariab ility  i n  responses  to fo rmal i n-treatment of  silage  

( Valentine  and Brown , 1 9 73 ; Barry  and  F ennessy , 1 9 73 ) . Howev e r , t h e  

s ilages  u s ed i n  Expts . 1 and 2 w e r e  made f r o m  different  h e rb ages, and  

the  amino ac id content  o f  th e o r i ginal h e r b ages was  unknown . · 

The relative  p roportions  of  protein  and  free  amino acids  in th e 

s ilage  are not  rep o rted , since  c on tradic t o r y  resul ts  were  o b tained . 

Extractio n of the  s il age " p rotein"  w i th s o d i um dodec ylbenzenesulphonate  

( SOS ) was attempted , b u t  no  protein  was  d e t ec ted .  O n  th e o th e r  h a n d , 

extractio n of  t h e  "r�PN" in alc o h o l  indicated  th at t h e  t o tal amino acid  

content  w a s  derived  f rom pro tein . 

C .  I ntake 

I n  b o th experiments , i n t ak e s  were r e s tr ic ted , s o  that c omp a r i s o ns 

between t reatments c ould  b e  made at  th e same  level  o f  intake . T h e  



l imit on  silage intake  was c h osen  to  prov ide  nutrie n ts at  a l e v el 

s ligh tly  above  maintenanc � .  H ow ev e r ,  th e daily r a t i o n  was s el d om 

c omple t e ly e aten , refusals  b eing  partic ularly high o n  th e c on trol  

7 7  

silage  i n  Exp t .  2 .  Metab o l i s ab l e  energy  ( ME ) intakes  were . c ompared 

with main t enanc e r equireme n t s  for ME , as  proposed  by  th e A RC ( 1 9 65 ) 

manual o n  th e nutrient  requirements  for  ruminants ( Table  3 . 7 ) . Th is 

indicated  th at  intakes in  E x p t .  1 · were  s ti l l  sligh t l y  above  maintenanc e , 

wh ile  th e intake o f  th e c on t r o l  s ilage in  Exp t .  2 was very  near to 

maintenan c e . The suppleme n t s  in  Expt .  2 inc reas e d  i ntake to  greater  

than  mai n t e nanc e .  

Th e d aily  output  of  meth ane was measured i n  Exp t .  1 b u t  n o t  E xp t .  

2 .  Methane  output  was c alculated  for  b o th experime nts  and compared  

with the  obs erved  values  from E x p t .  1 .  Wh ile th e r e  was some  difference  

b e tween  t h e  calculated  and  o b served  values , the  error  wh ich th is would 

introduc e into th e c alculation  o f  ME  intake , would be  small ( app rox . 3% )  

due  to  th e low  level  of  me th ane  output  c ompared to  t o tal  M E  intake . 

R e f u s als in Exp t .  1 w e r e  l o w  and no treatme n t  differenc e s  i n  OM 

intake were appare n t  ( Tabl e 3 . 6 ) . Howev er , B arry  ( 1 9 7 5 ,  1 976 ) did 

report  increased intake of  t h e s e  s ame silages in response  to  f o rmalin

treatmen t  and I/P methionine  i n j ec tion . Th e h yp o t h e s is that  th e amino 

ac id status of indiv idual sh eep  will h av e  a marked  e f f e c t  on t h e  intake 

o f  s ilage , is discussed in  C h ap t e r  4.  Th e increas e d  c o nc e ntration  of  

amino  ac ids in treated  silage  d i d  res ult  in a high e r  intake  of  amino 

acids  rel ative  to untreated  silage . 

In E x p t .  2 ,  there  was a s i g nific an t effec t o f  b o th s upplementation  

and meth ionine infusion  o n  s ilage  OM intake  ( P < 0 . 0 1 ) . The  i nt ake on  

th e con trol  silage was mai n t ained  near  to  the  maximum f o r  t h e  first  ten  

days  ( F i g .  3 . 3  ) and  th en  s h owed a marked decline u ntil  t h e  s tart  of  

m e th ionine  infusion . During  infus ion , intake inc reased  rapid l y ,  b u t  
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under th e l im i t s  imp o s e d  by  th e e x p e r i m en t ,  i n t a k e  d i d  not r e t u r n  to 

t h e  s am� l e v e l  as a t  th e s t a r t  o f  s il a g e  f e e d i n g . Th e d e c l i n e  i n  

i n t a k e  w a s  s i g n i f ic a n t l y  r e d uc e d , b ut n o t  e l im i n a t e d  b y  e n e r g y  a n d  

p r o t e i n  s u p p l em e n t a t i o n  ( F i g .  3 . � and i n c r e a s e d  i n t a ke i n  

r e s p ons e t o  me th i o ni n e  w a s  s ti l l  p r e s e n t . A s i m i l a r  d e c l i ne in i n t a k e  

w i th t i m e  o n  u n t r e a t e d  s i l a g e  d i e ts w a s  r e c o r d e d  b y  B a r r y  e t  al . ( 1 973 ) 

a�d B ar r y  ( 1 9 76 ) . Th is d e c l i n e  w a s  a t  l e a s t  p a r t i al l y  p r e v e nt e d  b y  

I/P m e t h i o n i n e  and f o rm a l i n- t r e a t m e n t  o f  s i l ag e . Th e s e  r e s u l t s  s u g g e s t  

t h a t  th e p e r c e n t a g e  o f  m e t h i on i n e  i n  t h e  t o t a l  amino a c i d s  a b s o r b e d  b y  

t h e  a n i m a l  o n  th e c on t r o l  s i l a g e , d i d  n o t  c o rr e s pond t o  th e p erc e n t a g e  

o f  m e t h i o n i n e  i n  t h e  t o t al a m i n o  a c i d s  r eq ui r e d  b y  th e a n i m a l . T h u s , 

an a m i no a c i d  imb a l anc e was p r o d uc e d .  B al an c e  a p p e a r e d  t o  b e  p a r t i a l l y  

r e s t o r e d  a t  h i g h e r  l e v e l s  o f  a m i n o  ac i d  a v a i l a b i l i t y , i . e .  w i th p r o t e i n  

a n d  ene r g y  s up p l em e n t a t i o n . 

Th e r e  w as a s i gn i f i c a n t  d i f f e r e n c e  b e tw e e n  s h e e p  i n  v o l u n t a r y  OM 

intake i n  E xp t .  2 ( P  < 0 . 0 1 , A p p en d i x  1 ) . Th is dif f e r e n c e  m a y  be d u e  

t o  d i f f e r e nc�s i n  amino ac i d  s t a t u s  b e t w e e n  s h e e p  a n d  t h i s  p o i n t  i s  

d i s c u s s e d  i n  t h e  f o l l o w i n g c h ap t e r , in r e l a t i o n  to th e a b s e n c e  o f  a 

t r e a t m e n t  e f f e c t  o n  i n t a k e  i n  E x p t . 1 ,  c om p a r e d  to t h e  t r e a t m e n t  e f f e c t  

o n  i n t a k e  i n  E x p t .  2 .  

Th e i n t a k e  d i f f e r e n c e s  i n  E xp t .  2 m i g h t b e  e x p ec t e d  t o  h av e  an 

imp o r t a n t  e f f e c t  o n  o th e r  p a r am e t e rs m e as u r e d , t h r o u gh a d i r e c t  

i n f l u e n c e  o n  t h e  r a t e  o f  f l o w  o f  n u t r i e n t s  t h r o ugh t h e  d i g e s t i v e  t r ac t  

( G r o v um a n d  H e c ke r , 1 973 ; U l y a t t  a n d  M ac R ae , 1 974 ) . H e nc e ,  t h e  e f f ec t 

o f  t h e  t h r e e  s u p pl em e n t s  i n  i n c r e a s i n g  i n t a k e  s h o u l d  b e  r em e m b e r e d  

d u r i n g  t h e  f o l l o w i n g  d i s c us s i o n  o n  th e d i g e s t i o n  o f  s i l a g e . 
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D. D ige s t i o n  o f  s i l age 

( 1 ) R um e n  v o l a t i l e  f a t ty ac i d  a n d  amm o n i a  c o nc e n t r a t i o ns 

T h e r e  � e r e  no m a r k e d  t r e at m e n t  d i f f e r e nc e s  in r um e n  v o l a t i l e  f at t y  

acid ( V F A ) c o n c e n t r a t i o n  i n  E xp t .  1 ( T abl e 3 . 8 ) . I n  Exp t .  2 ,  t o tal 

VFA  c onc e n t r a t i o n  i n  the rurn e n  w a s  s i g ni f ic a n t l y  inc r e as e d  b y  b o th 

ene r g y  a n d  p r o t e i n  s u p p l em e n t � t i o n  ( P < 0 . 0 1 ) . The h i gh e r  i n t a k e s  b n  

thes e s u p p l em e n ts w o u l d  h av e  c o n t r i b u t e d  t o  t h i s  i n c r e as e  i n  V F A  

c o n c e n t r a t i o n  and i n  a d d i ti o n ,  t h e  e n e r g y  s up p l e m e n t  w o u l d  h a v e b e e n  

r a p i d l y  d e g rad e d  t o  V F A s . T h e r e  w a s  n o  s i g nific an t . t r e a tm e n t  e f f e c t  o n  

rume n amm o n i a  c on c e n t r a t i o n , b u t  th e r e  w a s  a s i g ni f i c an t  d i f f e r e n c e  

b e tw e e n  a n imal s i n  b o th amm o n i a  a n d  V F A  c on c e n t r at i o n  ( P < 0 . 0 1 ) . Th e 

, 

t o t a l  VFA  and ammo n i a  c onc e n t r a t i o ns w e r e  l ow e r  t h a n  th o s e  r e c o r d e d  b y  

B ath and R o o k  ( 1 9 6 5 ) a n d  C h a l m e r s  ( 1 9 63 ) a l s o  f o r  s i l age d i e t s . Th is 

may b e  due to the r e l a t iv e l y  l o w  i n t a k e s , and t o  t h e  c o n t i n u o u s  f e a d i n g  

s y s t e m  us e d  i n  th i s  e x p e r im e n t .  

T h e  h i gh r um i n al p ro p o r t i o n  o f  a c e t a t e o n  s i l a g e  c o m p a r e d  t o  o th e r  

d i e t s  ( e . g .  ac e t a t e  60% o n  p as t u r e , U l y a t t  and H e n d e r s on , 1 9 6 8 ) m a y  

a f f e c t th e a m i n o  a c i d n ut r i t i o n  o f  r u m i n a nt s , s in c e  t h e  r a t e  o f  t is s ue 

p ro t e in s y nth e s is h as b een f o u n d  to v ar y  i n  r e s p o n s e  to d i f f e r e n t  

ene r g y  s o u rc e s  ( P o t t e r  e t  al . ,  1 9 68 ; E s k e l and e t  a l . ,  1 974 ) . I nt r a-

a r t e r ial i nf u s i on o f  p r o p i o n ate l e d t o  a g r e a t e r  d e c r e as e  i n  p l as m a  

e s s e n tial ami n o  ac i d  c o nc e n t r a t i o n  th a n  a s im i l a r  i n f us i o n  o f  a c e t a t e  

o r  b u ty r a t e .  H ow e v e r , a m i n o  ac i d s  r a t h e r  t h an ene r g y  ap p e ar t o  l i m i t  

t h e  r ate o f  l i ve-w e igh t g a i n  of a n i m a l s  f e d  s i l ag e  ( M c C a r r ic k ,  1 9 66 ) . 

1-blevarrf. 
H e nc e th e h i g h  p r o p o r t i o n  o f  ac e ta t e  m a y  o n l y  b e  iHlpef'te�Flt,\ on s il a g es 

wh i c h  p r o m o t e  a h i gh f l ow o f  ami n o  ac i d s  i n t o  t h e  d u o de n u m . 
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Th e r e  w e r e  m a r k e d  d i f f e r e nc es b e tw e e n  th e m o l ar p ro p o r t io n s  o f  

a c e t a t e  a n d  p r o p i o n a t e  b e tw e e n  E x p t s . 1 a n d  2 w i th ac e t at e  b e i n g  h i g h e r  

a n d  p r o p i o n a t e  l o w e r  i n  E xp t .  1 c om p a r e d  t o  Exp t .  2 .  T h e s e  m a y  r e f l e c t  

d if f e r e n c e s  i n  t h e  V FA c ompo s i t i o n  o f  th e t w o  s i l a ge s . H o w e v e r ,  

c om p l e t e  a n a l y s i s  o f  t h e  v o l a t i l e  ac i d s  w a s  n o t  c o n d uc t e d  o n  t h e  s ec o n d  

s il a g e , s in c e  t h e  m e t h o d  w a s  n o t  a v a i l a b l e  a t  P a l me r s t o n  N o r th . Th e 

c h a n g e  in t h e  p r o p o r t i o n  of p r o p io n a t e  i n  th e t o tal V F A s  m i g h t a l s o  

h av e  h ad an e f f e c t  o n  th e a m i n o  a c i d  n u t r i t i o n  of th e a n im a l s ,  s i n c e  

g l uc o n e o g e n e s i s  p l ays a v i t a l  r o l e  i n  e n e r g y  m e t ab o l i s m  i n  r um i n an t s . 

B er gm a n  e t  al . ( 1 9 70 ) h av e  s h o w n  t h a t  20 - 4 0% of d a il y g l uc o s e  

p ro d u c t i o n  w a s  o b t ai n e d  f ro m  a b s o r b e d  p r o p i o n at e ,  a n d  a d e c r e a s e  i n  

p ro p i o n a t e  av ail ab i l i t y  m i g h t b e  e x p e c t e d  t o  i n c r e a s e  th e c o n t r i b u t i o n  

o f  a m i n o  ac ids t o  g l uc o s e  p r o d uc t i o n . G l u c o s e  p r o d u c t i o n  f r o m  amin o 

a c i d s  h as b e e n  r e p o r t e d  to r a n g e  f ro m  1 1  - 30% ( W o l f f  a n d  B e r g ma n , 

1 973 ; R e i l l y  and F o r d , 1 97 1 ) . H o w e v e r , d a ta o n  g l uc o n e o g e n e s i s  in 

r um i n a n ts f e d  s i l a g e  i s  n o t  yet a v a i l a b l e . 

( 2 ) Appa r e n t  dige s t i o n  o f  n u t r i e n t s  in th e s t o m ac h s  

T h e  p e rc e n t a g e  o f  N i n t a k e  w h i c h  w as d i g e s t e d  i n  t h e  s t omach 

r e g i o n  in Exp t . 1 ,  a p p e a r e d  t o  d i f f e r  b e t w e e n  t h e  t r e a t e d  a n d  u n t r e a t e d  

s i l a g e s  ( T ab l e  3 . 9 ) . O n  th e t r e at e d  s i l a g e  th e r e  was a n e t  a d d i t i o n  o f  

N t o  t h e  rume n , wh i l e  o n  t h e  u n t r e a t e d  s il ag e , th e r e  w as a n e t  l os s . A 

s im i l a r  e f f ec t o f  f o rm a l i n- t r e atme n t  o f  s il age was r e p o r t e d  b y  Th oms o n  

e t  a l .  ( 1 973 ) . D e s p i t e  t h e  d i f f e r e n c e s  i n  t h e · amin o  a c i d - N  p r o p o r t i o n  

i n  t o t al N i n  t h e  t w o  s il ag e s , t h e  p e r c e n t a ges of ami n o  ac i d-N i n  t o t a l  

N e n t e r i n g  th e d u o d e n u m  w e r e  n o t  a p p r ec i a b l y  d i f f e r e n t  b e t w e e n  t r e a tm e n t s . 

A c om p a r i s o n  o f  t h e  am i no ac id-N ( A A N ) a n d  n o n-am i n o  a c i d-N ( N A A N ) 

c o n s um e d , and e n t e r i n g  the d uo d e n um , s h o w e d  th at th e m a i n  e f f e c t  o f  

f o rm a l in-t r e a t m e n t  o n  N d i g e s t i o n  i n  t h e  s to m ac h s , o c c u r r e d  i n  t h e  N A A N  



8 1  

f rac ti o n . The ratio o f  N A A N  a t  the duodenum  to NAAN  i n  the  f ee d , was 

h igher  on the treated s ilage  th an  untreated  sil age . T h i s  may b e  d u e  to  

the  low  NAAN  intake on  th e treated  s ilage ( 1 . 2g/day , Table  3 . 1 0 ) 

c ompared t o  the  untreated  s ilage  ( av . 7 . 2 g/day ) . A p o s s i b l e  expl an

ation  might  be that ammonia prod uc ti o n  in the rumen f rom  treated  s ilage  

was  low , and might  therefore  f av o ur  th e transfer  of  u r e a  across  th e 

r �men  wall f rom th e plasma to  t h e
-
rumen ( Houpt  and H o u p t � 1 9 68 ) . T h e  

h igh er  intake  of  NAAN  o n  the  untreated  silage , o n  the  o th e r  hand , would 

lead to  a h igh er ammon i a  c oncentration  with in the rume n ,  and this migh t 

result  i n  absorption  of  ammo nia  from the  rumen . 

Th e apparent digesti o n  of  OM  and energy  in th e s to mach regi o n , 

also  appeared  to be  lower on f o rmalin-treated  than o n  untreated  s i l age . 

Th is  might  s uggest that  some  f r e e  formaldeh yde  was present i n  the  

s ilage , thus  depressing  mic r o b i al ac tivity  with in th e r ume n ,  o r , 

alternativel y ,  the rate  of  p ass age through the rumen might  h ave  b e e n  

increas e d .  H owev er ,  th ere  was c ons iderable  variab i l i t y  with i n  treat

ments . 

I n  Expt . 2 ,  th ere  was a s i gnific ant e ffect  of  s u pplements  o n  t h e  

percentage of  N intake d i g e s t e d  in the  stomachs ( P  � 0 . 0 5 ,  Table  3 . 9 ) . 

Th is was d u e  to a s i gnificant  d ifference  b e tween th e n e t  add ition  o f  N 

t o  t h e  r umen  with the  energy  s uppleme n t ,  and a net  l o s s  af N from  t h e  

r umen  w i t h  th e protein  supplement . N e i t h e r  suppleme nt  was s i gn i f ic antly  

d i ffe rent  from  th e c on trol s ilage  alone . C om�aring th e ratios  of  A A N  

a n d  NAAN  in  feed  and a t  th e d uo denum ( Tab l e s  3 . 1 0  and 3 . 1 1 ) s h owed  that  

the  main  effect  of  protein  s upplementation  was on d i g es tion  of  NA A N . 

The  f ormaldeh yde  casein  supplement  significantly d e c re as e d  the  flow  of  

N A A N  relative  to c o ntrol  silage  alone  ( P ( 0 . 0 1 Table  3 . 1 0 ) . T h e  flow  

o f  N A A N  into  the  duod enum o n  t h e  c o n trol plus pro tein  d ie t  was  als o less  
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than  t h e  c o rresponding  NAAN  intake , s u gges ting  th at  f o rmal d e h yde-c asein  

migh t have  inc reased  t h e  ab s orption  o f  ammonia from  th e rum e n .  Howev e r , 

no  evidence  f o r  th is  is availab le . Th e inc reased net  loss  o f  NAAN  in  

the  s t omach r egion  on  casein  s uppl eme n t ed s ilage , c ontributed  to  t h e  

significa�t  increase  i n  perc entage  of  amino  ac ids i n  t h e  to tal  N 

entering  th e d uode num ( P  < 0 . 0 1 ) relative  t o  b o th t h e  c ontrol  and  

energy  supplemented  animals . Th e perc e ntage  ob tained ( mean 9 3%)  was 

c ons iderably  h igh e r  th an th e 79 . 5% ob tained  by MacRae et al . ( 1 972 ) wh o 

s upplemented  a dried  grass d i e t  with  60g/day  of  th e s ame f ormaldeh y d e

treated  c as e i n .  

E nergy s upplementation  in  Expt . 2 appeared to inc rease  t h e  ratio  

of  duoden al AA  to  A A  intake , b u t  th e d ifference  was n o t  s i g n i f ic ant . 

The r e  was  a s ignificant  difference  b et ween  animals ( P < 0 . 0 1 , Table  

3 . 1 1 ) . Th is migh t  suggest th at  t h e  e nergy  s upplement was  s t imulating  

mic rob ial  protein  s y n th esis  and  evidence  for  this comes  f rom  the  

inc reas ed  proportion  of  ami no ac ids  i n  the  to tal N en tering  the  duo d enum 

( Table  3 . 1 1 ) . Th is ratio  was s i gnific antly  increased b y  energy  supple

mentation  relativ e  to  the  c o ntrol , ind ic ating  that th e s tarch/sucrose  

infusion  was  effective  in increasing  t h e  microbial utilisation  of  NAAN  

within  t h e  rumen .  

There  was also a significant  i n t e rac tion  between  th e e f f e c t  of  

supplemen t atio n  with energy  and p r o t ei n ,  and the  effec t o f  meth ionine  

inf usion  on  the  ratio  of  A A  entering  the  duodenum to A A  intake  

(P  < 0 . 0 1 ) . This ratio  decrease d  in  response  to meth io n i n e  infusion  

in  sheep  fed  c ontrol  s ilage alone , a n d  inc reased  in response  to 

meth ionine  i n f us ion  in sheep fed  s up p l emented  s il age diets . This  

result  sugges t s  different e f f e c ts of  meth ionine  o n  N recycling  to t h e  

rumen, on  supplemented  and unsupplemented  d i e ts . This  i n  t u r n  migh t 
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r eflect  c h anges i n  th e d i s t r ibution  o f  meth ionine be tween i t s  require

ment  for protein  s ynth esis , and f o r  extra-protein  functions  ( A g u ilar  

e t  a l . , 1 9 72 ) , dependent  on the level  of  amino ac ids available t o  th e 

t i s s ues . How e ver , no definite  explan a t io n  c an be  giv e n .  

( 3 )  Flow o f  n i trogenous  c ompound s into  th e duodenum 

F ormalin- treatment  of s ilage ( Exp t .  1 ) incr eas ed the  flow  o f  t o t al 

N and  amino  ac ids  into  th e d uodenum c ompare d  to untreated  s ilag e . The  

only  appr ecia b l e  d i ff e rence  i n  i n t ake b e tween  the  treated  and  untreated  

s ilages  was  in  amino  acid  i ntake , with  th e e nergy intake  o f  t reated  

si l ag e  be i ng sligh tl y  lower  ( Tabl e  3 . 6 ) . Th us , t he  increas ed  f l ow o f  

amino ac i d s  i n t o  t h e  d uodenum  on treated  s il age appears  t o  res u l t  f rom 

b o th the inc r e ased  ami n o  ac i d  int ake ,  due to protec t i o n  of the h e rbage  

p ro t e in and/o r  amin o  acids , from degradation  during ensil i n g ,  and  t o  

t h e  d ecreased  p erc entage  o f  N intake appar e n tly d iges t ed i n  th e s tomach 

r e g i o n .  

T h e  r esul t s  from  Exp t .  1 d o  n o t  p r o v i d e  any evid ence  as  t o  wh e t h e r  

t h e  formalin-t reatment  c onti nued to  p rotec t the herbage  p r o tein from  

mic robial degr adat ion  i n  th e rumen . Protec t ion of p r o t e i n  by  f o rmal

d eh y d e  is gene rally  taken  to  me an rev e rs i b l e  b inding o f  th e formal

d eh y d e  to re·ac tive  groups  in  th e pro t e i n .  Three  types of b o nd are  

f ormed  betwee n  formaldeh yde  and p r o te i n , a n d  at  leas t one  o f  these  c an 

b e  r evers e d  b y  a dec rease  in  pH ( French  and  Edsal l ,  1 945 ) . Wh i l e  p ro

tec t ion of d i etary p r o t e ins by r e ac ti o n  with  formaldehyde  h as b e e n  

found  t o  pro t e c t  t h e  p r o tein  from rumen  mic r obial d e gr ad a ti on ( F e r g us dn 

e t  al . ,  1 967 ; Mac R a e  e t  al . ,  1 9 72 ) , t h e  d e c rease in p H  d u r ing e n s i ling 

migh t be  expec ted  t o  reverse  some  of  the  f ormaldeh y d e  b o nd s .  Howev e r ,  

acid  treatment  o f  f o rmaldeh yde-b o und p r o t e i ns h as als o  b e e n  found t o  b ind  

part  of th e p r o tein  mo r e  fi rmly ( B owes et  a l . ,  1 965 ) . Th e effe c t  o f  th e 

d ec r ease i n  p H  during  e nsiling , o n  formal i n-treatment of  s ilage may  thus  
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rele ase s ome f ree f ormaldeh yde  and p r otein , wh i l e  ano th er part of t h e  

prot ein  m a y  b e c o m e  irrev e rs i b l y  bound . Henc e ,  Th omson  e t  al . 

( 1 9 7 3 ) f o und that  f ormaldeh yde-tr eatment o f  silage d i d  inc rease  th e 

d ie tary  N reaching  th e intestine s , b u t  at the  e xpens e of decreased  

mic r obial  protein  s ynth esis  and decre ased availab i l i t y  of this  N for  

d ig e s tion  in  t h e  i n te s t ines . A t tempts to measure  p r o tein  synthesis  in  

Exp t .  1 w ere repo r t ed i n  Ch apter  2 ,  b u t  th e res ults  were  i nconc lusiv e .  

H ow e v e r ,  decreased  digestibility  i n  t h e  rumen was recorded  ( Tab l e  3 . 9  ) . 

Th e d iges tibility  o f  N i n  t h e  i n testines ( Table 3 . 1 3 ) will  be  d iscus s e d  

in  d e tail below b u t  n o  del e terious e f f ect  of  formalin-tr e a tment  was 

apparent . Th e lev el of fo rmalin-treatment used by Thoms o n  et al . 

( 1 9 7 3 ) was  n o t  reported . H owev e r ,  B r own and Valentine  ( 1 9 72 ) r eported 

t h a t  formalin application  rates o f  3 . 2% of  the OM dec reas ed  ad lib . 

i n take r elative  t o  untreated  s i lage, and th ese  w o r kers  suggested  that 

free  fo rmaldeh yde pres e n t  i n  th e silage  c o uld h av e  h ad an adv e r s e  e f f e c t  

on  t h e  r umen microb ial populati o n . R eversal of b ind ing  i n  th e s ilage 

stack would  also h ave  incr eased  the  c ontent  of  free  formal dehyde  i n  th e 

s i l age  and  could h ave  advers ely affec ted  d iges t ibili t y  i n  th e i n tes

t i n e s  as d isc ussed  ear l ie r . The  fate  of  f r ee f ormal d ehyde  within  t h e  

d ig e s tive  trac t does  n o t  appear to  have  b e e n  s t udied . Lower  l e v els o f  

fo rmalin applicati on  to  s i l age h ave  b ee n  reported  to  inc r e ase  l ive

wei gh t gain and w o o l  growth  ( Barry  et al . , 1 973 ; Barry , 1 9 75 ) . Th us 

d e l e t er i o us effec t s  of the reversal of fo rmaldehyde-b inding  in  t h e  

s i l age  s t ack m a y  o nly  b e  apparen t  a t  h igh rates o f  a p plic a t ion . Th e 

l e v e l  of appl icati o n  used  i n  Exp t .  1 ( 40% a t  4 . 761/t o n  f r e sh grass ) d id 

inc r e ase  the f low o f  amino acids into  th e d uode n um ( Tables  3 . 1 1 ) and 

d i d  not affect th e d igestion  of N in  the  i n test ines ( Tab l e  3 . 1 3 ) . T h i s  

suggests that  t h e  main e f f e c t  o f  t h e  f ormalin-t r e atment  o f  s i l a g e  f o r  

t h i s  exp e riment  was in  increas i n g  ami no  ac i d  i n t ake th rough pro t ec t i o n  
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of  the  h erbage  protein from degradation  during ensiling . 

I n  Expt . 2 ,  the f l ow . of  total  N into  the  duodenum was s ignific antly 

increased  by  b o th supplements and  methionine infus io n  ( P  < 0 . 0 1 , Table  

3 . 1 1 ) .  Th e f l ow of  amino acids i n t o  the  duodenum was also  si gnific-

antly increased  b y  both  supplements  relative to  the c on trol , and b y  th e 

protein s upplement relativ e to  th e energy  supplement ( P < 0 . 0 1 ) . 

Meth ionine  infusion had  no s ignificant  effect on the f low  of  amino 

acids into  the d uodenum . H ence  the proportion  of amino ac ids in  t otal 

N at the  duodenum decreased in  response  to meth ionine infusion  

( P  < 0 . 05 ) . Th e reasons f or  th i s  decrease  are  unknown . I t  migh t b e  

s uggested  tha t  increased  intake  c ould  h ave  influenced t h is ratio b y  

affecting  retention  time i n  th e r umen ( Grovum and H ec k e r , 1 973 ) , b u t  

th e with i n  treatment differences i n  t h e  ratio were l ow , despite  a h i gh 

v ariation  in intake ( A ppendix 1 ) . 

The effect  of  intake o n  the  flow of  amino acids  into  the  duodenum 

w as also  s tudied  through the  ratios  o f  duodenal AA  t o  A A  intake , and 

d uodenal AA t o  N intake ( Table  3 . 1 1 ) .  Th e latter ratio  sh owed more 

v ariability than the former, suggesting  that the intake o f  amino ac ids  

h ad a greater  effec t on th e flow of  amino  ac ids into  th e d uodenum , than 

did the  total  N intake . Th e low  range of the  ratio d uodenal AA to  AA  

intake  o v er the  two  experiments , led  to  th e plotting  o f  th e regression  

b etween  amino acid  intake and duodenal amino  acid  flow  ( F i g .  3 . 4 ) .  Th e 

positive  relationship indic ated that increas ed- amino  a c id intake 

increased  the flow of amino  ac ids  into th e duodenum . Howe v e r ,  this  

r elationship  applied only  t o  b etween  t reatment differ e nc e s , and not  to  

w ith in  t re atment differenc es . T he  co rrelation c oefficient  for  th e 
t-d"l.on Sh tp � (/al't;;..f .. , -un 
FS§PSooion , r = O . B, , indicated  th a.t diffeiellces1hn amino  acid  intake  

was t/55()Ctaled writ. VaNa ftin 
aGG9unts9 fgrA67� of th e diffoponsssAin  amino acid f l ow into  th e 



T a b l e  3 . 1 5  The concen t r a t i o n  of amino ac i d 5  in fpods, the r�tio of duodennl am i no ac i d s : �mina o�id in ta ke ,  

and the OM i n t a t<. e  required to produce 1 DOg amino acids e n t e r i ng the duodenL..n oer day. 

S i l ages (ExBts .  1 and 2) 

Untreated Treated �I 
Amino .J. C i d  
c o nc e n t ra t i o n  
in  feed (% of OM ) 7 . 8  1 2. 7  1 1 . 7 I 

• F AAD Rat1o o AA! 0 . 70 0 . 92 1 . 03 I 

OH intake required 
ta � roUuctl 1 00y 
a;""lino acid::;; at 
duodenum ( gDM/d ) 1425 856 830 I 

Data from Harrison �· ( 1 973 ) 

MacRae �· ( 1 972)  

3 " " Coelho da Silva et a l .  ( 1 974 ) 

4 " " l'lacRae and Ulyatt ( 1 97t• )  

� � 1 
!:! 1 � 

!::!21. 

6 . 0  1 5 . 0  

2 . 7  o . 8 8  

667 758 

Dr ied2 � 

1 3. 0  

0 . 9 3  

827 

Dr ied 
3 Cr<J::;::; 

1 8 . 7  

1 .02 

525 

f"'lanawa 4 nyc:qr .:..�.::; 

1 4 . 5  

0 . 9 5  

742 

!!!b.lli 1 C l ovl:r 

2 2 . 1  

0.63  

1 1 e  

Red 1 � 

1 4 . 4  

1 . 05 

661 
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duodenum .  Th � regression  was c alculated  f o r  a l l  treatments i n  Expts . 1 

and 2 ,  s ince no treatment . effects were s ignificantly different  from t h e  

overall  r egression .  However , energy  s upplementation in  Exp t .  2 did 

appear to  increase th e convers ion of NAAN  to  microbial protein , as  

discussed  earlier . Thus , v ariation in  energy  intake/ would also  have  

c ontributed  to the  differences  in flow  of  amino ac ids into  the  duodenum . 

Th e ratios of d uodenal amino ac ids to  amino ac id intake  on  f resh and  

dried  pas ture/ and  hay  d i e ts ( MacRae e t  al . ,  1 9 72 ; Harrison  e t  al . , 

1 9 73 ; MacRae and Ulyat t ,  1 9 74 ; C o elh o da  Silva  e t  al . ,  1 973 , are 

c ompared with th e data from Expts . 1 and 2 ,  in Table  3 . 1 5 . Th e ratio 

v aried  from 0 . 6  on  a diet of  wh ite clover , to 2 . 7  on a diet of  l ow N 

h a y  s upplemented with ure a .  The values  ob taine d for  silage  in these  

ex periments were s imilar t o  those  ob tained o n  Manawa ryegrass ( MacRae 

and Ulyat t ,  1 9 74 ) ;  dried  grass ( MacRae e t  al . ,  1 9 72 C oelho  da Silva  

e t  al . ,  1 973 ) and o n  fresh  red  c lover ( H arrison e t  al . , 1 9 73 ) . 

C alculation  of th e OM intake required to produc e 1 00g  amino acids 

e n tering the duodenum was made using these ratios and th e concentration  

of  amino  ac ids in the  individual feeds  ( Table  3 . 1 5 ) .  Th is c alculation  

was limited  to the  feeds  h aving  similar ratios to silage , and to  th e 

two feeds  with extreme ratios  of  duod enal amino acids to  amino acid 

intake . The calculation  s h owed  that th e OM intake required  to  produce  

1 00g  amino acids entering  th e duodenum per  day , was cons iderably  less  

on  the  f resh f eeds  and  hay  than on silage , especially  untreated  silage . 

H e nc e ,  the  total intake of  OM required to provide  th e animals with the  

s ame amount of protein , would  h ave  to be  h igh er with silage , than the  

o th e r  feeds  compared . Silages  with a high  amino ac id c ontent , or  a 

ratio  of duodenal amino acids to amino acid intake ,  wh ich is greater  

t han one  ( e . g .  due  to  a h igh WSC  content ) ,  would appear  to  maintain the  

amino ac id s tatus o f  th e animal at a b alanc ed l evel . However , silages  
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of  a low amin o  ac id  content , or a low ratio o f  duodenal A A  t o  A A  intake , 

woul d l im i t  t h e  availability  of  amino acid s to  th e animal . I f  th e s e  

s ilages also  c ontain c omponents which a r e  l i kel y t o  d e press  in take , 

e . g .  high ac e tate , butyrate or  ammonia  levels  ( McOonald  and Wh i ttenbury , 

1 9 73 ) , th e amino  acid s tatus of  the  animals would b e  further  decreased , 

and an amino acid imbalance migh t occ ur  ( s ee Ch apter 4 ) .  

( 4 ) Compo sition  of  duodenal ami n o  acids 

Th e composition  o f  duodenal amino  acids was not mar kedly  af fec ted  

b y  f o rmal in-treatment o f  s ilage  i n  Expt .  1 ( Table 3 . 1 2 ) . The propor-

tions  of amino  acids  in d uod enal dige sta f r om Expt .  1 ,  were s imilar to  

thos e of  microbial prot ein and/o r th e feed amino ac i d  c ontent .  Th e 

proport i o n  of  meth ionine  in th e total duodenal amino acids  of s h eep fed  

u n tr eated silage ( 2 . 1 % ) was with in  the  rang e , of 1 . 1 - 2 . 9% , reported  

b y  H arris on  et  al . ( 1 9 73 ) for  f o ur fresh  and  dried f o r age  diets  and  h a y . 

This  sugg ests that the produc tio n  of a meth ionine imbalanc e in  sheep f ed  

silage , i s  d u e  t o  an  i ncreas e i n  t he  p roportion of m e th ionine i n  th e 

total  ami no ac ids required b y  th e animal , rather than to  a decrease  in  

th e propo rtion  of  meth ionine  available  to  the  animal . 

A me thod f or es timating th e relative contributions  of  microbial  

and  dietary  protein to the amino ac ids entering the d uodenum , b as ed on  

th e known amin o  ac i d  profile s  of  feed , mic robial and  endogenous  protein  

was  recen tly  p ropo s ed b y  Ev ans et  al . ( 1 9 7 5 ) . The r elevant  amino acid 

prof iles  were fed into  a computer ,  and used to  find the  relative  propor-

tions  of dietary  and microb ial  protein  wh ich  would  g enerate  th e known 

amino  ac i d  composition  of  duodenal digesta . The poss ib ility  o f  indiv-

idual die tary amino ac ids r eaching  th e duodenum would introduce  error  

into  this computation . Th i s  pro gramme was not availa b l e .  Howe v er , a 

comparis o n  of  duodenal diges ta amino acid c omposition  with th e 
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c omposition  o f  microbial ( 8 ergen  e t  al . ,  1 9 68 ) a n d  f eed  p rotein  ( Table  

3 . 5 )  c an give  s ome qualitative  indic ation  of  the balanc e between  micro

b ial and dietary protein  at th e duodenum . A comparison  of the  d uodenal 

amino  ac id  compos ition  on th e c o ntrol silage ( Expt . 2 )  with  that  of th e 

untreated  silage  ( Ex p t .  1 ,  Table  3 . 1 2 ) ,  sh owed th e main differences to  

b e  increases in  th e concentration  of  th reonine and  tyros ine , and 

decreases  in  th e concentration  o f ·  proline and alanine . Alanine and 

proline  c oncentrations  were h igh er  in th e f eeds than in  mic r o b i al 

protein , wh ile  threonine  and tyrosine c oncentrations were  l ow e r  in 

untreated  s ilage  th an in  mic robial  protein  o r  the co ntrol  s i lage . Th is 

migh t s uggest  a h igher  perc entage  contribution  of microbial p r otein to 

the duode nal ami no  acid content  of  th e control silage . H owev er , th e 

rate  of  microbial  protein s ynth esis  was not  measured  in  Expt . 2 ,  and the 

data for  microb ial protein s ynth esis in  Expt . 1 were  inconcl usive  ( s e e  

Chapter  2 ) .  

P ro tein supplementation in Expt . 2 h ad a significant  e f f e c t  on  the  

c o nc entrations  of  arginine , ph enylalanine , th reonine , alanine , 

aspartate , glycine , glu tamate , proline  and serine  in  duodenal  d ig e s ta 

( P  ( 0 . 0 1 , Table  3 . 1 2 ) .  Most  o f  these  ch anges c an b e  traced to  th e 

composition  of the  c as ein , c ompared to  th e amino acid compos ition  o f  the 

silage  ( Table 3 . 5 ) .  Th e ch anges in arginine  and serine concentration  

correspond to d ifferences b e tween  c as e in and mic rob ial protein  c ompos

ition ( B ergen e t  al . ,  1 9 68 ) . Thus , there  is  f ur th e r  evidence  to 

indicate that a h igh proportion  of  th e formaldeh yde-treated c as ein was 

reaching  th e duodenum . The magnitude  o f  these  diff erences was greater  

than those  rec o rded  b y  MacRae  e t  al . ( 1 9 72 ) who  used  the same  

formaldeh yde-treated c asein  to s upplement  a dried  grass die t .  

Th e s e  differences  i n  amino acid c omposition due  t o  th e f ormaldehyde

treated c asein  migh t suggest  th a t  supplementation of  silage  d i e ts with 
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formaldeh yde-treated proteins  o f  composition  c h osen t o  c omplement 

mic robial protein in meeting  th e amino ac id  requirements  o f  th e animal , 

wo uld  increas e th e efficien c y  of  utilisation  of  th e amino acids 

abs orbed . 

( 5 )  I n testinal  digestion  

I n  Exp t .  1 ,  the  percentage of  nutrient  in take d i gested  in  th e 

intestines was increas e d  by  f ormalin-treatment of s ilage  ( Table  3 . 1 3 ) .  

Th is  would b e  expected  from the  dec reased  diges tion w i th in th e stomachs  

( Table  3 . 9 ) .  The  apparent d igestibil ity of  th e N entering  th e duoden um 

was h igh, and not  advers ely affected  b y  f ormal in-treatment of  the  silage , 

sugges ting th at irreversible  binding of  formaldeh yde  t o  th e h erbage 

protein  was not  an impo rtant factor . 

I n  Expt . 2 ,  th ere were no significant  effects o f  either  supplemen

tation or meth ionine  o n  th e percentage  of  OM , O M ,  energy  or N intake  

digested  in the  intestines . However , th ere  was  a significant  effec t of  

animal variation on th e perc entage of OM ( P < 0 . 0 5 )  and OM (P  < 0 . 0 1 ) 

intake digested  in  th e intes tines . 

The  apparent  digestibility  of  th e N en tering th e duodenum  was n o t  

s i gnificantly  different  b etween  treatments ( Table 3 . 1 3 ) .  While  th i s  

migh t suggest  that the formaldeh yde-b inding t o  cas ein  was completely  

revers ible , th e large  difference  in  the  percentage of  amino ac ids in  t h e  

total N entering  th e d uodenum , b etween  th e c ontrol a nd  p r o t e in  s upple

mented  diets , migh t h a v e  masked  any difference  b etween  treatments , s ince  

amino acids are  more  d i gestible  th an non-amino ac id-N i n  the  intestines  

( MacR ae et  al . ,  1 9 72 ) .  
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( 6 )  Apparent  diges tib il ity i n  the  wh o l e  diqestive tract  

In  Expt . 1 ,  there was a dec rease in apparent d igestibility  of  N in  

respons e  to  f o rmali n-treatment  of silage  ( Table 3 . 1 4 ) . A s imilar 

dec r eas e was reported  by  Barry  and  F e nnes s y  ( 1 973 ) .  Th is decrease  in 

apparent diges tibility of  N ,  appeared to be due to a dec r ease in the N 

digeste d  in  th e s tom2chs . There  was a net addition o f  N t o  th e r umen 

on t r eated  silage c ompared t o  untreated silage ( Tabl e  3 . 9 ) . Diges tion  

of N in  the  i n testines was not  adv ersely  affected b y  formalin-treatment  

( T ab l e  3 . 1 3 ) .  Th us , since  f o rmalin-treatment increased  th e flow of  

ami n o  acids i n to the  duodenum ( Table  3 . 1 1 ) ,  tre atment  of s ilage would 

app e ar to inc r eas e the  abso rption of amino acids , r e l ativ e to untreated  

silage .  Amino acid-N will  b e  util is e d , mo r e  efficiently  th an N P N  

abs o rbed  f rom t h e  r umen, and h ence treatment o f  silage  migh t be  expected  

to i ncrease  N b alanc e . However ,  the  difference between  t reatmen ts was 

very sligh t .  This parameter will  b e  discussed  in more  detail i n  th e 

following ch apter . No treatment effect  on the appare nt digesti b il i t y  

o f  OM , O M  o r  e nergy was rec o rded  in  Expt . 1 .  

I n  E xpt .  2 ,  th e overall d iges tibility of OM was significantly  

( P  < 0 . 0 1 ) inc reas ed  b y  b o t h  energy  a nd  protein suppl ementation ( Table  

3 . 1 4 ) .  Th is i ncrease is  p ro b ably  due  to  th e digestible  nature o f  the  

supplemen ts . Howev er ,  no  s i gnificant  dif f erenc e in energy  dige s tibility  

was  rec orded i n  response  to eith e r  energy  o r  protein s upplementati o n .  

Th is  may b e  d u e  t o  t h e  h igh e r  SE for  energy than O M  diges tibili t y .  

P rotein s uppl ementation  significantly increased  N digestibility  

(P  < 0 . 0 1 ) .  S ince intestinal digestibility  of  N showed n o  significant  

treatment diff erenc e ,  increased  N digestibility  is p resumably  d u e  to  

the  increased loss  of non-amino acid-N from the rumen  wh e n  silage  was  

supplemented with f ormaldeh y d e-treated  cas ein ( Table  3 . 1 0 ) . N b alanc e 
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was also  s ignificantly  inc reas ed  b y  p rotein  supplementation ( P <  0 . 05 ) 

but  N intake  was c o ns iderabl y greater  with th e protein  supplemented 

die t .  Thus , the  inc reased N intake c o ntributed b y  th e f ormaldeh yde

treated  c asein  was  not  utilised  as e f f ic i ently as  the basal  s ilage-N . 

This point  and th e effect of  me thionine i nfusion in  inc reasing  N 

balance  will  b e  discussed i n  detail  i n  th e next chapter . 



C H A PTER  4 

THE  E FFECT  OF  F ORMA L I N-TR EATMENT A ND SUPPLEMENTAT I O N  OF  S I L A G E  

D I ETS  ON  THE  UT I L I S AT I ON O F  N B Y  S H E E P . 



4 . 1  I ntroduc tion  

92  

The hypothesis  th at  met hionine  is the  first  limiting amino ac id  on  

a variety  of  ruminant d i e ts , has b een  proposed  b y  a number  o f  workers 

( e . g .  Nimrick e t  al . ,  1 9 70 ; H utton and  Anniso n , 1 972 ; Ar�s trong  and 

A nnison , 1 973 ; H arrison  et al . ,  1 9 73 ) .  Evidenc e for  inc reases  in  live

weigh t  gain and wool  growth in  response  to supplemental me thionine  

administered postruminall h  h as b een reported  ( R eis , 1 9 67 ; Wrigh t ,  

1 97 1 ; Dove and R o bards , 1 9 74 ) . Produc tion  res ponses s uc h  as these,  

indicate  that  meth ionine  may  limit  effic ient  utilisation  o f  amino  acids . 

I n  addition , Barry  et  al . ( 1 973 ) h ave  reported inc reas ed intakes  o f  

s ilage  in  response  to  i ntraperitoneal i n j ec tion  of  methionine . Such  a 

r e sponse  suggests that f eeding  s ilage to sheep  may place  th e animal in  

a s tate of amino acid imbalance . Since  microbial protein  is o f  

relatively  c o nstant composition  and is similar t o  h e rbage protein , the  

amin o  acid  composition o f  duodenal digesta  remains relatively  c onstant  

i n  s h eep fed different  n atural diets  ( C larke  e t  al . ,  1 9 66 ; Hogan and  

Weston , 1 9 70 ; H arrison et al . ,  1 973 ; Ulyatt  e t  al . ,  1 9 7 5 ) . H e nc e ,  

the  amino ac id s tatus o f  ruminants appears t o  dep end more  o n  th e 

quantity , '  th an th e quali ty o f  amino acids available to  th e animal . T he  

flow  of  amino acids into  the  duodenum of  sheep  fed silage , i s  general l y  

lower  th an pasture-fed animals ( Arms trong , 1 973 ; Thomson  e t  al . ,  1 9 73 ) .  

Silage , therefore , appears to  b e  a sui table  b asal diet  for  a s tudy  o f  

th e metabolism o f  methi onine, relative to  th e availability  o f  o th e r  

amino acids i n  s h eep . Thus , the experiments  to  b e  reported  compared  

t h e  effect  of  ch anging the absolute  and percentage ( of  t o tal  amino 

ac ids ) availability  of  methi onine to  s h eep . The  utilisation of 

me thionine was measured by  v arious physiological parameters  wh ich h av e  

b e en used t o  s tudy  amino ac id  metabolism i n  non-ruminants . 
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I n  Expt . 1 ,  the methionine  available t o  the  s h e e p  was increased  

eith er b y  I/P infus ion o f  �eth i onine, or b y  f eeding f o rmalin-treated  

silage . F ormalin-treated silage  h as been  sh own to increase  intake  and 

N r e tention  over untreated s i lage ( B arry et  al . ,  1 97 3 )  suggesting  that  

it increased  th e flow o f  amino ac ids  into  t h e  duodenum  ( s ee  Chapter  3 ) .  

Th e response  to th ese  treatments  was measured  in terms o f  N b alanc e ,  

free  p lasma amino ac id c onc entrations and the  oxidation  of  methionine  

to  c arbon  dioxide . I n  additio n , L-methionine-C 1 4  U ,  was  used  t o  o b tain 

information  o n  meth ionine  metabolism  in ruminants . Th e s ec o nd 

experiment  was undertaken  to  provide  additional data over  a wider  range 

of  d uodenal amino acid flow r ates . The three  treatments chosen  t o  

provid �  the  v arying l e v e l s  o f  methionine were : a basal untreated  silage  

d ie t ,  and  supplementation o f  this  diet  with either  f o rmaldeh yde-treated  

c as ein  or  a readily av ailable  energy  sourc e .  In  add i t io n ,  each  of  

these  tr eatments was  s upplemented  with a duodenal infusion  o f  

L-meth ionin e .  Only  N b al anc e and free  plasma amino acid c o ncentrations 

were  us ed  t o  s tudy res ponse  t o  these  treatments , due  t o  the c ost  o f  

L-methionine-C 1 4  ( u ) .  

4 . 2  Methods  

Details  of th e s h e ep , t r eatments , c ollec tion and  analysis of  

digesta  s amples hav e  been  given in Chapter  4 .  Th e only  addition al 

methods  used  were related  t o  th e measurement of meth ionine  metab olis m . 

C ollection  of  plasma and expired air samples : · c o l l ec tion  o f  plasma and 

expired  air samples ( Ex p t .  1 )  followed immediately after the  p eriod of 

c ollection  o f  faeces and u rine s amples for balance measurement . 

L-meth i o n ine-C 1 4 ( U )  ( New E n gland N uclear)  was infused  con tinuously  into  

the  r igh t j ugular vein . A s ampling catheter  was inserted  in  t h e  l e f t  

j ugular v e i n .  Th e cath e ters w ere  45cm long  ( 1 mm int ernal diameter , 

Portex )  and 1 Dcm  were inserted  into  th e v ein  on t h e  day  prior t o  
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infusion . T h e  c atheters  were  filled  .with h eparanised  saline  ( 2 50 I U/ml ) 

to prevent  th e f o rmation bf  blood  c l o ts within  th e c ath e t e r . Th e free  

end  o f  the  catheter  was attached  to  w ool  o n  th e bac k  o f  th e s h e ep . 

S amples c o uld th us  b e  taken with out  d is turbing  th e animal . T he  

infusion  solutions contained approximately 80  �C . L-meth ionine-C 1 4  ( U )  
l 

in  200ml sterile  s aline and were  infused  over  1 2h ( s e e  s ection  o n  

me th ionine  me tabolism ) .  A l l  tubing  used in  t h e  infus ion  w a s  flushed  

with alcoho l ,  followed by s t erile  saline  p r ior  to  us e .  P eristaltic 

p umps with tubing  c alibrated to d eliv er 1 50ml/day , were  used  to  

administer  th e infusion . Th e infusion  s o l ution was  plac ed o n  a b alance 
w:#.,;-. 

to  reco rd the inf usion rate J;ifilh'efil>lA e ach sampling perio d . During  an 

infus i o n ,  the sheep was p laced  i n  a metabolism crate with i t s  h ead 

enclosed  in  a Pers pex respiration  h o o d , s ealed by a rubber  c ollar  

( Ul yatt , unpub lish e d ) . Th e sheep  h ad free  ac cess  to water , and  was  able  

to  s tand o r  s i t .  Hourly  rations were  given  to th e an imal through the 

top o f  the  h ood . The  total flow  rate of  expired air was m easured  with 

a gas fl owmeter ( Par kinson C owan ) .  Temperature , vapour p ressure  and 

atmospheric pressure  were me asured  c o ntinuously and used  to  correc t gas 

volumes  to  s tandard temperature  and pressure . C arbon  dioxide  content  

was  determined  on  an aliquo t ,  with a n  I nf rared gas  analyser  ( Grubb  

Parso ns ) .  A second  aliquot  was  bubbled through 1 N  NaOH i n  a Oreschel  

wash bottle , to  absorb  carbon  dioxide  f o r  the measurement  o f  spec ific 

ac tivity  ( SA ) . T he  wash b o t tles  were  changed at time o f  withdrawal o f  

b lood  s amples , i . e . , a t  5 ,  1 5 , 3 0 ,  6 0 , 9 0 ,  1 20 ,  1 50 ,  1 80 ,  2 1 0 ,  240 min 

after th e s tart  o f  the infus ion , and thereafter at h ourly  intervals f o r  

a f urther  8h . B lood samples  ( 1 0ml ) w e r e  withdrawn i n t o  h e parinised  

tubes  and c e n trifuged at  6 , 000 g for  20 min to  s eparate p lasma . Th e 

p lasma s amples  f rom  Expt .  1 were  s to red  at -20
°
C prior  to  protein  

precipitation .  H owever , in  th e f irst  replicate of  Exp t .  2 ,  th is  meth od 



Table 4 . 1  The e f fec t of b l o o d  s ampli ng o n  t h e  pac k e d  c e l l  

volumes o f  th e sh eep (Expt . 1 )  

R e p .  1 Rep . 2 Rep . 3 
S h e ep N o . 

I 647 (441 , R e p .  3 )  29 . 5  28 . 5 1 7 . 5  23 . 0  24 . 0  21 . 5 

I 
I 731 { 1 1 57 ,  R ep .  3 )  2 9 . 5  29 . 5  32. 5 32 . 0  28 . 0  26. 0  

I 786 2 5 . 0  28. 5 25.0  25 . 0  2 5 . 0  22 . 5  
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of  s torage  was found  t o  result  in  the d isappearanc e of  f r e e  c ys teine 

f rom the  plasma . H e nc e ,  later  s amples were  s eparated  into  pro tein-free  

p l asma , a n d  protein precipitate  p r i o r  to  s torage . I n  all c as es , p rotein 

was precipitated b y  addition of  an equal v olume o f  1 0% s ulphosalicylic  

ac id  to  th e plasma . Th e protein  precipitate  was  then  removed  b y  c entri-

fugation  at 0 6 , 000g for  1 5  mi� and th e supernatant s tored  at -20 c .  

Th e total v ol ume o f  b l o od sampled from each sh eep d uring  a 

replicate  in Expt .  1 was approximately 200ml . I n  order  t o  c h eck  whe th e r  

r emoval o f  th is v olume affec ted t h e  animal , pac ked  c ell  v olumes  were  

dete rmined at 0 and 1 2h af t e r  th e s tart  of  infusion  for  e ach s h eep . 

The s e  are  given in Table  4 . 1 .  S ampling h ad little  effect  on  packed c e l l  

v ol ume. 

In Expt .  2 ,  c atheters were inserted  into  a j ugular vein o f  each 

sheep , in  a similar  manner to  th ose  in Exp t .  1 ,  t hree  d ays prior  t o  the  

start  o f  methionine infusio n .  S amples ( 1 0ml ) were  taken  on  each  of  th e 

following  two days , and daily  after  th e s tart o f  meth ionine infusion .  

Plasma amino ac id c oncentration : Th e total free  plasma amino acids i n  

s amples  f �om Exp t .  1 were  d etermined cin  a B eckman 1 20C amino · acid 

anal yser  using a two c olumn proc edur e .  Prior to  E x p t .  2 ,  this 

ins trument  was modified by the addition of  a Locarte automatic loader . 

Th e l o ad e r  nec ess itated th e us e of  one column procedures , and while  

this  modification h ad b een  completed  for  protein  h ydrolysate  analysis , 

th e r esin for physiological fluid  analysis  was not  available  at th e 

s tart  o f  Expt .  2 .  Th us , plasma amino acid analyses  in Expt . 2 were  

c arried  out  on th e physiological ac idic and  neutral  resin  f rom  th e 

original  B eckman amino ac id  analyser . Separate d e te rmination of  th e 

bas ic amino ac ids was not  p o s sible , due  to  incompatability  b etween th e 

Locarte  s ys tem and th e B ec kman b asic amino acid c o lumn . 



S A  of plasma methionine 
( dpm/iJmole ) 

1 2 , 000 

0 0 

s , ooo  

4 , 000 

0 2 

0 

4 

0 

6 

0 0 

I n f usion r ate was : 

7 , 354 , 750 dpm/h 

8 

Time after  start of  infusion  ( h ) 

1 0  

F iqo 4 . 1 Th e change in SA  o f  plasma methionine  with time after start of 

infusion of L-meth ionine-C 1 4  (U ) 

1 2  
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The methio nine  SAs i n  Expt . 1 were  measured on  a Jeol-JLC 6AH  amino 

acid an2lyser , using  the s pecific 5-amino ac id proc edure  of  Jeppson  and  

Karls son  ( 1 9 72 ) . Th is analysis  was  discussed  i n  C h apter 2 .  

P lasma u r ea  corcentrition : Plasma urea  concentration was measu�ed  b y  
m 

reac tion  w ith d iace tyl monoxi�e on  a Technicon  autoanalyse r .  

Scintillation  c o unting: c o2 trapped i n  1 N  NaOH from  the  gas wash 

bottles  was precipitated as Baco3 , b y  addition of exc ess BaC 12 • Th e 

prec ipitate  was c ollected  on  Wh atman N o .  54 1 paper . After  wash ing  w ith 

hot water  and d r ying with ac etone , a w eigh ed sample of  the  B ac o3 

( approximately 1 5Dmg ) was s us pended  in  the gel sc intillation  mix of 

· C luley  ( 1 9 6 2 )  ( 0 . 3% (w/v ) diphenyloxazole  ( PP D )  in  toluene , +0 . 4% 

Aeros il ) ,  and 1 4 c ac tivity c o unted  in a Pac kard liquid  scintillation  

counter . The ef fic iency  o f  c ounting  for  the  set weight  of  B ac o3 was 

c alculated as d etailed by C l u l e y  ( 1 96 2 ) .  

The  radioactivity in  plasma meth ionine  was de termined o n  fractions  

of  the  col umn effluent  from the  Jeol  amino  acid  anal yser . T h e  

frac ti ons were add ed  t o  one  of  t h e  f o llowing scintillation  wixes , and 

counted o n  a B ec kman or Packard liquid  scintillation counter . 

Scintillation  mix 1 :  0 . 5% PPO  + 0 . 02% POPOP in  Tri ton/Toluene ( 1 : 2 ) 

Scintillation  mix 2 :  0 . 4% Omnifluor in  Triton/Toluene ( 1 : 2 )  

A n  e xt ernal s ta ndard of H exadec ane-C 1 4 was used t o  plot  the  degree  o f  

quench ing  f o r  each c ounte r ,  a n d  t h u s  th e e fficienc ies o f  c o unting  were  

c alc ulated . 

C alc�lations  

Meth i o nine  me tabolis m :  SAs of  plasma meth ionine were  plotted  agains t 

time for  e ach sh eep . Th e plot  f or  s h eep 647 ,  replicate  1 is  giv e n  i n  

F i g .  4 . 1  ( the  c omplete  data f o r  all �h eep  i s  give n  in  Appendix 3 ) .  
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1 50 0 0 0 
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0 0 0 0 0 
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1 00 0 0 
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0 
50 0 I nfusion  rate  was : 

0 6 , 206 , 1 1 0  dpm/h 

0 
0 

0 5 1 0  1 5  20 

Time (h ) 

Fig o 4 . 2  Th e change in  SA  o f  C02 with ti�e after  the  start  of 

infusion of L-meth ionine-C 1 4  (U)  

25  
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While  it c an �e s e en  that  some  of the  data in the e arly  p art  of this  

partic ular curve  are missing  ( d us t o  loss  of samples  on  th e amino acid 

analys er ) , it would appear that SA  increas ed exponentially  with time , 

t o  a plateau  at approximatel y 3h . Th e small increase  above  th is . 

plat eau  value  c an b e  attributed  to  the  recycling  o f  labelled  methionine  

w ithi n  the animal . Th e shape  of this  curve  can th e n  be  defined b y  two  

parame ters which describe  meth ionine  metabolism �  The first  is  t h e  

plateau  SA  ( SA00 , dpm/�mo l e ) , and f r om  t h i s  the  m e th io nine t urno v er rate  

c an be  calculated . 

i . e .  Turnover rate = I n f usion  rate  o f  L-meth ionine- C 1 4 
SA  ( dpm  �mole ) 

The  s econd is the  rate  c o ns tant ( k ) . This was calc ulated  as  th e slope  

o f  th e curve  repres ented b y  i n ( S A 00  - S A
t

) versus time ( t )  ( R i ggs , 

1 963 ) . Where  S A
t 

is th e SA  a t  time t .  T he  size  o f  t h e  methionine pool  

was also  c alculated from the relationship : Pool  s i ze = Turnover  rate  / k .  

Oxid ation o f  me thionine : Th e first  sheep  was infused  c ontinuously  f or  

24h  t o  try a nd  determine  th e time taken to  reach a plateau v alue  o f  
1 4

c o2 S A  ( F ig .  4 . 2 ) . A plat e au was  not  r eached  within  24h indic ating 

r ecycling  o f  1 4c within the  animal . However , the rate of increase  

appeared  t o  ch ange a t  1 1  - 1 2h .  Th us , to  ob tain a standard comparison , 

s ub s e quent  inf usions were  limited to  1 2h d uration , and SA 00 calc ulated  

as th e av erage of th e values for the  last  th ree  h o urs of  i nfusion . The  

S A 00  of  c o2 and  the SA oe of  methionine  were  then used  to  c alculate  th e 

perc e ntage of expired c o2 wh ich was derived  from meth i o nin e . 

i . e .  % of c o2 derived  from meth ionine = SA � of e xpired  c o 2 (dpm/mgC) 
SA 00 of p l asma met  ( dpm/mgC ) 

and % meth ionine oxidised  to  C02 = dpm 1 4c expired/min 

dpm 1 4c infused/min 
X 1 00 



Table 4 . 2  T h e  f l o w  of amino QCids i n t o  t h e  duodenum in she8p f e d  formalin-trea t ed s i l age, untreated 

s i l age, and u n t r e a t ed silaoe d i e t s  supplemented with formaldehyde- t r e a ted c a sein , eneroy 

and pos t ru�inal (I/P and duodenal) methionine . 

E xpt . Treatment Methionine Flow of .:.mina Mothionino uvuiloble :g meth ionine 
� acids into th e f o r  absorotion i n  total amino acids 

UutHJl?num � � 
� Mean � 

Untreated 

Rep. 1 4 7 . 6  ) 1 . 2  ) 2 . 4  
R e p .  2 4 6 . 2  ) 4 2 . 2  o . a  ) o . 9  1 .  7 ) 2 .  1 
R e p .  3 3 2 . 8  ) 0 . 8  ) 2 . 4  

Treated 

Re p . 1 57 . 6  ) 1 . 4  ) 2 . 4  
Rep . 2 67 . 8  ) 6 5 . 8  1 . 5 ) 1 . 5 2 . 2  ) 2 . 3  
R a � .  3 7 2 . 0  ) 1 . 7  ) 2 . 4  

Untreated + 

R e p . 1 6 5 . 2  ) 2 . 5  ) 3 . 8  
R e p .  2 5 2 . 9  ) 5 0 . 4  1 . 9 ) 2 . 1  3 . 6  ) 4 . 4  
Rep . 3 3 3 . 0  ) 1 . 9 ) 5 . 8  

2 Control - 4 9 . 6  1 . 1  2 . 2  

+ p r o t e i n  - 1 1 0 . 5  2 . 7  2 . 4  

+ energy - 74 . 1  1 . 7 ;{ . J  

Control + 6 0 . 3  3 . 2  5 . 3  

+ p r o tein + 1 2 5 . 7  s . o  4 . 0  

+ energy + 9 8 . 6  4 . 2  4 . 3  

SE 6 . 0  0 . 1 8  0 . 06 

Tre�tmcnt e iQ n i ficnnce ** ** r JS  
Methionine significance NS ** ** 

* P "- 0 . 05 
** P "- 0 . 01 
NS not significant 
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Availabili ty cif  methionine  for  absorption : The meth ionine available  

for  absorption  from th e intestines  was c al c ulated b y  adding  th e d aily  

amount  of  meth ionine  infused , t o  th e daily flow of meth ionine  into  th e 

duodenum . The I/P meth ionine was assumed to  be  abs o rbed  to  th e s ame 

extent  as the meth i o nine  entering  the duodenum , sinc e no  data  on this  

were  available . 

Statistic al  analysis : Th is was identical  to  the analysis  desc ribed  in  

Chapter 3 .  

4 . 3 Results  

The  main aim  of  Expt . 1 was to c ompar e th e effects of  f ormalin

treatment of  silag e , and intraperitoneal i nfus ion o f  L-meth ionine  o n  

t h e  u tilis ation o f  N b y  s h ee p .  I n  E x p t .  2 the effec ts of  s upplementing  

an untreated  s ilage  diet  with  f o rmald eh yde-treated casein  and e n e rgy  

were  compa r ed with the  effec t  o f  duodenal  infusion o f  L-meth ionine  on  

the  u tilis ation  of  N .  

The e ffec t of the t reatmen ts o n  th e f low of amino  acids i n t o  the  

d uodenum , and o n  th e total meth ionine  available  for  absorptio n , are  

g iven  in T able 4 . 2 .  I n  Expt . 1 ,  th e flow of total  amino �cids i n to th e 

d uodenum was h i ghe r  on  f ormalin-treated th an untreated silage , while  

m eth ionine  infus ion  appeared to  h av e  no effec t .  Th e percentage  o f  

methionine  i n  the  t o tal absorbable  amino acids remained th e s ame  o n  

treated a nd  untreated  silages , b u t  was  inc reased b y  I/P infusion . I n  

Exp t .  2 ,  t h e  f l ow o f  to tal amino  acids  into  th e d uodenum was  s ignific

antly incr ease d  by b oth protein  and e nergy  supplemen tation  relative  to 

unsuppleme n ted silage  ( P Z 0 . 0 1 ) ,  wh il� p rotein also  s i gnificantly  

i ncreased t he  flow  o f  amino acids  into  th e duodenum r elative  to  e nergy  

s uppleme n t ation  ( P � 0 . 0 1 ) .  Methionine  i n(usion directly  increased  



T a b l e  4 .3 The e f fect of forma l i n -trea tment of s ilaqe, and s uppl eme n ta t ion of un t re a ted s i l age d i e t s  

with formaldehyde-treated casein, energy and pos t ruminal (I/P and duo denal) methionine on 

the concentration o f  methionine and total amino acids i n  sheep plasma 

U!lli Treatment Me thion i n e · PlaGm<J llill thionine 
� concentration 

i0ililil 
Mean 

U n t reated 

R e p .  1 7 . 5  ) 
Rep .  2 6 . 7  ) 7 . 9  
Rep . 3 9 . 6  ) 

Treated 

Rep .  1 7 . 2  ) 
Rep . 2 1 0 . 3  ) 9 . 0  
Rep. 3 9 . 4  ) 

Untreated + 

R e p .  1 1 9 . 0 ) 
R e p .  2 1 6 . 4 ) 2 0 . 3  
R e p .  3 2 5 . 5 ) 

2 Control - 1 4 . 2  

+ protein - 1 6 . 9  

+ cmeruy - 1 4 . �  

Control + 3 1 . 4  

+ protein + 3 3 . 4  

+ energy + 3 5 . 7  

S E  1 . 8  

Treatment sign i f icance NS 
Me t h i o n i ne s i y n i f icance -
R e p l i c a t e  sign i f icance * 

T o t a l
1

ol�sma amino 
acid concentration 

(pmo l e/1 )  

Moan 

3084 ) 

2240 ) 2684 
2728 ) 

3626 ) 
2761 ) 3 1 51 
3066 ) 

1 8 68 ) 
2075 ) 2000 
2056 ) 

2036
1 

1 98 7  

2046 

1 673 

1 366 

1 6 1 7  

6 6  

NS 
** 

NS 

% met in 
total pl asma 
amino acids 

� 

0 . 2  
0 . 3  ) 0 . 3  
0 . 4  

0 . 2  
0 . 4  ) 0 . 3  
0 . 4  

1 . 1  
o . 8  ) 1 . 0 
1 . 3 

0 . 7  

0 . 9  

0 . 7  

2 . 0  

2 . 5  

2 . 3  

0 . 1 3  

liS 
** 

* 

1 11 rotal11 p l asma amino ac i d s  in ( x p t .  2 only rt!pr�st!ntb I' rea acidic a1n.J n�ulral amino a c i d s .  



Table 4 . 4  T h e  e f f e c t  o f  formalin-treatment o f  s i l a9e and the sueelementat ion of untreated silaoe diets with 

formuldeh:tde-treated co5ein1 ener9� ond Eos l ruminal ! ILP and duodenal ) me th ionine an th e �ercentarte 
concontrntions of irldlviduGl umino ac ids in the 

Untreated 

� � � � 
ornithine 8 . 2  4 . 6  5.0 9.9 

l y s i n e · 6 . 7  5 . 8  7 . 6  1 1 . 7 

h i stidine 2 . 7  5 . 5  3 . 3  4 . 4  

arginine 5 . B  6 . 1  6 . 3  1 3 . 1  

taurine 0 . 3  0 . 7  o . 8  0 . 2  

threonine 3 . 8  2 . 5  2 . 8  2 . 2  

serine 1 0 . 1  4 . 9  5 . 1  4 . 6  

prol ine 2 . 1  3 . 1  5 . 1  2 . 8  

glu tamic acid 9 . 6  1 6. 0  1 1 . 7  7 . 0  

c i trulline 5 . 3  4 . 8  3 . 9  3 . 6  

glycine 23 . 6  2 8 . 6  28 . 7  24 . 8  

alanine 7 . 6  7 . 4  7 . 5  6 . 1  r 

v a l ine 6 . 5  5 . 0  6 . 5  4 . 8  

cysteine T r .  T r .  Tr . Tr. 

cystath ionine Tr . T r .  T r .  Tr. 

methionine 0 . 2  0.3 0 .4  0 . 2  

�leucine 3 . 1  2 . 1  3 . 0  2 . 0  

leucine 3 . 9  3 . 0  4 . 4  3 . 4  

tyrosine 1 . 6  1 . 5  1 . 6 1 . 2  

ph enylalanine 1 . 0 1 . 2  1 . 4 0 . 9  

total Elasma 

E x � t .  1 

Treated 

� 
8 . 5  

6 . 9  

2 . 4  

6 . 1  

0 . 2  

4 . 7  

5 . 8  

4 . 0  

6 . 9  

5 . 9  

28 . 2  

6 . 3  

7 . 4 

T r .  

T r .  

0 . 4  

3 .0  

4 .3  

1 . 8  

1 . 3  

au1ino IJC ids. 

Untreated + met 

.B.!!h1. � � 
6 . 8  4 . 3  4 . 8  

7 . 6  5.0  6 .5  

2 . 6  3 . 7  5.0  

7 . 1  9 . 7  G . O  

0 . 1  3 . 0  2. 4 

4 . 1  2 . 2  1 .4 

6 . 8  3 . 5  4 . 3  

4 . 1  6 . 0  2 . 6  

7 . 9  1 6 . 1  9 . 6  

4 . 2  6 . 5  5 . 9  

27 . 2  20 . 5  3 2 . 7  

7 . 6  s . o  6 . 5  

6 . 5  s . o  4 . 9  

Tr . T r .  T r .  

T r .  0.4  0 .2  

0 . 4  1 . 1  0 . 8  

2 . 6  2 . 4  2 . 3  

4 . 6  3 . 9  2 . 7  

2 . 2  1 . 6 1 .4 

1 . 6  2 . 1  1 . 8 

� 
6 . 3  

8 . 2  

4 . 5  

9 . 9  

2 . 1  

1 . 9 

4 . 0  

4 . 2  

1 3 . 1  

6 . 0  

1 6. 8  

8 . 7  

5 . 7  

Tr . 

0.6  

1 . 3  

3 . 5  

3 . 6  

2 . 0  

2 . 0  



To�l� 4 . 4  cont inued 

E x p t .  2 

Control + p r o tein + energy Significance 

- I!' S t  � � � - met + met g_ Treatment ( T ) Methionine (M ) Reelicc:te I nterac tion (T��) 
taurine 0 , 6  s . o  0 , 6  3 . 7  0 , 6  4 , 9  0 , 4 9  NS ** N5 1:s 

threonine 3 . 0  1 . 9 5 , 6  3 . 1  4 , 3  2 . 2  0 , 2 1  ** ** N5 : .s 

serine 8 , 1  5 . 0  6 , 4  5 , 7  7 , 1  4 . 2  0 , 35 N5 ** - * 

p r o l ine 4 , 8  3 . 7  7 . 9  8 , 7  4 . 1  4 , 2  0 , 35 ** N5 N5 r;5 

glutanic acid 4 , 5  8 . 3  4 . 3  5 , 2  4 , 8  6 . 1  1 , 26 N5 NS N5 : :5 

c i trulline 5 , 0  7 , 8  5 . 6  7 , 4  5 . 1  7 , 0  0 , 39 NS ** N5 1.5 

£:lycine 4 5 , 8  37 . 9  3 5 . 8  2 5 , 6  4 1 . 8  3 6 . 4  1 .  51 ** ** N5 1:5 

alanine 1 1 . 0  1 1 . 3 8 , 8  1 2 , 1  1 1 , 4 1 3 , 9  0 . 51 NS * * 1:s 

valir.e 6 . 2  5 . 5  1 0 . 9  9 , 6  8 , 7  6 , 5  0 , 29 ** ** N 5  1:s 

C } s teine 1 . 3 1 , 6  1 . 2 2 . 0  1 . 0  1 , 8  0 , 1 0  N5 ** ** * 

c y s t a t h ionine Tr. o . 8  T r ,  0 . 6  Tr, 0 . 6  0 , 04 NS iHC· * �;s 

;reth ionine 0 , 7  2 , 0  0 , 9  2 , 9  0 . 7  2 . 3  0 . 1 3  N5 ** * r:s 

�leucine 2 . 3  2 , 6  3 , 1  3 . 0  3 , 0  3 , 0  0 , 06 ** NS ** N5 

l euc ine 3 , 9  2 , 9  5 . 2  4 , 6  4 , 0  3 . 1  0 , 08 ** ** ** 1.5 

tyros ine 2 . 2  3 . 3  3 . 6  4 . 9  2 . 8  3 , 6  0 . 22 ** ** N S  ;�s 

phenylalanine 1 . 8  2 . 6  2 , 1  3 , 4  1 , 7  2 . 6  0 . 1 7  NS ** NS 1·15 
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available me th ionine , b u t  did n o t  significantly  i ncrease  t h e  total  flow 

of  amino acids . Th e perc entage of me thionine  in total absorbable  amino 

acids was therefore  increased  b y  meth ionine  infus ion ,  but  it  was 

unaf f ected  b y  s upplemen tation with protein  or ener g y .  

Th e d a t a  o n  f r e e  plasma meth ionine a n d  total amino acid c oncen-

trations are presented  i n  Table 4 . 3 .  Plasma meth ionine  c o ncentration  

w as increased by  I/P infusio n ,  b u t  unaffec ted  by f ormali n-treatment  of  

s ilage  in  Exp t .  1 .  The  c o ncentration of  t otal amino  acids  in the  

p lasma was  l ower  in  res ponse  to  methionine  i nfusion  c ompared to  t h e  

c oncentration in  sh e e p  f e d  treated silage , b ut th e c oncentration  o n  

· untreated s ilage  was b e tween t h e  values  f or  t h e  o th er two treatme n t s . 

Th e free  plasma amino  acid c o ncentrations from Expt . 2 ,  in  Table 

4 . 3 ,  are th e av erage of s amples taken two d a ys prior t o ,  and the  1 5 th 

a nd 1 6th d ays after , the s tart of  methionine  infusion . Plasma 

meth ionine concentration  was significantly  i ncreased  by duodenal 

meth ionine infusion ( P  < 0 . 0 1 ) ,  but unaffec t ed by protein  or energy  

s upplemen tation .  ''T o tal!' plasma amino acid c o ncentration in Expt . 2 

refers  only  to acidic and neutral amino ac ids . Th is was s i gnific antly  

decreased b y  methionine infusion  ( P  < 0 . 0 1 ) ,  and unaffec ted b y  e it h er 

o f  th e supplements . Th e percentage of  methionine in  th e " total" plasma 

amino ac ids  was significantly  increased  by d uodenal methionine  i n f usion  

( P < 0 . 01 ) .  

Table  4 . 4 gives th e effect  of  f o rmalin-treatment and s upplementation 

of  silage  o n  th e percentage  contributions  o f  individual amino acids  to  

the  t o tal amino ac ids  in  the  plasma . The  only  marked consistent  

differences in response  to  intraperitoneal methionine  i n  Expt . 1 were  

i ncreases i n  th e percentages of me thionin e ,  taurin e , c ys tathioni n e ,  

c itrulline , and ph e n ylalanine and a decrease i n  t h e  percentage  o f  
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Table  4 . 5 The effect  o f  duration  of  meth ionine infusion on the 

perc entage o f  individual amino ac ids  i n  the t o tal plasma 

amino ac ids - Expt . 2 (Rep. 1 ) . 

Day 0 1 2 3 4 5 

Control  

met  0 . 8  2 . 2  2 . 5 3 . 3  3 . 2  4 . 6  

ser  7 . 4  6 . 1  5 . 8  5 . 4 4 o 0 3 . 7  

ile + leu 7 . 0  5 . 8  5 . 5  7 . 6  7 . 7  7 . 4  

v al 7 . 6 5 . 5  5 . 2  6 . 3  7 . 1 7 . 1 

t yr + phe 4 . 0  3 . 3  4 . 2  5 . 8  5 . 6 6 . 9  

Control  + protein 

met  0 . 8 1 . 9 2 . 3  2 . 8  3 . 0  3 . 4  

s er 6 . 4  4 . 9  5 . 8  5 . 8  5 . 3  5 . 4  

ile  + leu 9 . 0  8 . 4  9 . 4  1 0 . 8  9 . 6  1 0 . 0  

val 1 1 . 6 1 0 . 6  1 0 . 4  1 0 . 6  1 1 . 6 1 0 . 5  

t yr + phe 6 . 0  6 . 9  7 . 2  8 . 2  8 . 8  8 . 9  

Control + energy 

m e t  0 . 8  2 . 1  2 . 9  3 . 7  3 . 5  NO 

s er 7 . 6 6 . 4  5 . 7  5 . 1 5 . 0  NO 

ile + leu 7 . 0  5 . 1  3 . 6  5 . 0  5 . 1  NO 

v al 9 . 2  6 . 1  6 . 3  5 . 9  8 . 5  NO 

tyr + phe 4 . 4  4 . 5  3 . 6  4 . 8  5 . 9  NO 

/ 

6 

4 . 8  

5 . 5  

6 . 4  

6 . 8  

5 . 1  

3 . 3  

5 . 1 

1 0 . 2  

1 1 .  3 

9 . 2  

5 . 3  

5 . 6 

6 . 1 

7 . 1 

7 . 6 



T a b l e  4 . 6  The effect of formalin-treatment of silage and I/P methioni�e infusion to sheep fed untreated sil aoe. on metabolie� gf 
methionine (Expt . 1). 

Expt. 1 I Calculated 

---

Meth�Qnine � Methionine �2 � Methionine Tot-:!1 Pl asma T o t a :  :-o· .� s c l e  
T r e a t ment Turnovl!r Oxidised to 

From Pool 5 i z e  f'le: tr ionine F.e:. t� io:--d 1•:: 
R.::� t e  £9.z Methionine (flmole )  (flnole ) ( ·· .. a1.) ( mmole7h ) � Meaf'1 � Mean f'lean r•.ean 

Untre ated 

1\l'p , 1 0 . 4 3  ) 1 G . D  ) o . u7o 

1 \�!). 2 0 . �4 
) 

o . �1 1 4 . 7  ) 1 5. 3  0. 050 ) 0. 066 477 ) 562 I 1 9 . 9  576 ) ) ) 
Rep. 3 0 . 55 ) 1 5 . 3  ) 0 . 078 ) 646 

---

� 
t �cp. 1 0 . 53 ) 1 3 . 3  ) 0 . 073 ) 531 

Rep. 2 0 . 6 7  ) 0 . 64 1 7 . 5  ) 1 5 . 6  0 . 1 08 ) 0 . 1 00 245 I 605 I 1 8 . 7  558 ) ) ) l 
Rep. 3 D. 7;2 ) 1 6 . 0  l 0. 1 1 9  ) 939 

Lln t reat ed + me t 

R e p .  1 0.68 ) 1 8 . 3  ) 0 . 1 01 

Rep. 2 0 . 86 ) 0 . 78 1 8 . 8  ) 1 9 . 0  0 . 1 32 ) 0 . 1 30 1 089 ) 1 026 I 2 3 . 5  599 ) ) ) 
Rep . 3 0 . 79 ) 1 9 . 9  ) 0 . 1 56 l 953 
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s erine . I n  E�pt . 2 , 1 5  days of  duodenal methionine infusion  s i gnif

ic antly  increased th e percentages of  taurine , citrulline , c y s t athionine , 

c ysteine , methionine , tyrosine and phenylalanine ( P  ( 0 . 0 1 )  and 

significantly  decreased th e percentages  of  threonine , serine , glycine , 

v aline and leucine  ( P < 0 . 0 1 ) .  The  perc entage of alanine was s i gnif

icantly incr eased ( P  < 0 . 05 ) .  There  was a significant effect  o f  

replicates  o n  th e perc entages o f  serin e ,  c ys teine , l e uc ine and iso

leucine  ( P  < 0 . 0 1 ) and alanine , and meth ionine  ( P < o . o s ) .  The r e  was 

also a s i gnificant  interaction b e tween  the effects of  suppleme ntation  

and  methionine on  th e perc entage of  s erine  and  cysteine  ( P  < o . o s ) . 

The  c o ncentration  of individual amino ac ids in th e plasma after  

one  day o f  me thionine  infusion was  al s o  meas ured , and  is given  in  

Appendix 4 . One interesting  feature  of  these  concentrations  is  th e 

d isappearance of  taurine  from th e plasma after 24h o f  me th ionine  

infusio n .  

The effects  o f  duration o f  inf us ion  of  methionine  on  t h e  perc ent

ages o f  i ndividual amino acids i n  th e p l asma was measured during  the  

f irst replicate o f  Exp t .  2 ( Table  4 . s ) t o  as sess the  validity  o f  only  

six days preliminary  period for  ad j us tment  to meth ionine  infus i o n .  

O n l y  t h e  perc entages  of  methionine , s er i ne and th e b r anched  c hain  and 

aromatic amino ac ids are  giv e n ,  as th e y  were considered  to be r e present

a tive of  all the amino acids . 

A n  infusion  of  L-meth ionine-C 1 4 ( U )  was used to estimate p arameters 

of  methionine metabolism in Expt . 1 .  The results are given i n  Table 

4 . 6 .  The  rate  o f  t urnover o f  meth ionine , th e percentage oxidised  to  

C 0 2 , the perc e ntage o f  c o 2 derived from methionine and the  me thionine 

pool  size  were all increased by  I/P infus ion  of meth ionine  relative  to 



Table. 4, 7 The effect 
"of formal i� treatment of s i l age , and supplementation o f  untreated s ilage diets with formaldehyde-

treated casein1 ene r�� and eos t ruminal (l(P and ducdenzl} meth ionine on ur inar� N1 dail� N retention and 

el o�m<:J UrUU C01 1C W 1 l r '-l l 1on. 

E xpt, T r eatment Meth i o n i ne N intake (nt::da�) U r i na r� N (ot::da�l N retention Plasma urea conc n .  
!!.e.&. IilZii:l1 l m�Nz1 OOml) 

� � � � 

Untreated 

Rep. 1 13 ,9  ) 7 .2  ) 3 . 1  ) 1 5  
Rep. 2 1 5 , 3  ) 1 4 , 5  12 .3  ) 9,3 -1 .4 ) 1 . 1  1 2 ) 1 4  
Rep, 3 1� .4  ) 8 , 4  \ 1 . 6  ) 1 4  

� 
Rep, 1 1 0 . 8  ) 5 , 9  ) 3 . 3  ) 1 2  ) 
Rep. 2 1 2 , 6  ) 1 2 , 7  5 , 7  ) 5 , 9  1 . 6  ) 2 , 5  1 2  ) 1 3  
Rep. 3 1 4 , 6  l 6 . 1  l 2 . 6  ) 14 ") 

Untreated + 

Rep. 1 1 4 , 8  ) 7 ,3  ) 3 . 2  ) 9 
Rep. 2 1 4 , 8  ) 1 4 . 0  8 , 4  ) 6 . 8  1 . 9 ) 2.  7 1 2  l 10  
n u p .  3 13 ,2  ) 4 , 8  \ 3 . 2 l 10  

- ---
2 Control - 1 0 . 4  8 , 7  -0 . 6 1 3  

+ protein - 2 1 , 8  1 2 .3 3 , 5  1 6  
+ energy - 1 4 . 1  1 0 . 2  1 . 5  1 2  

Control + 1 4 . 7  7 , 5 2 . 3  1 4  

+ protein + 2 2 . 6  1 1 , 8 5 , 3  1 7  

+ energy + 1 5 . 9  7 . 1  4 , 0  1 3  

SE 0 . 64 0.36  0 , 67 0,94 

Treatment oignificanca ** ** . .  * NS 
f"'qt.l d u t d ! la n l rJI I l f  lu aiiLQ N�, . .  . .  N!.i 
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untreated  silage alone . Th e values  ob tained  on  formalin-treated  silage  

were  intermediate b etween  · untreated  silage  al one , and intraperitoneal 

methionine  infusio n .  I ndividual sheep SA  data and th e v alues for th e 

turnover  constants are given  i n  Appendix 3 .  C alculation  o f  t h e  s i z e  o f  

t h e  meth ionine  pool  from th ese  dat a ,  could  only  b e  made f o r  

seven  of  th e sheep . Th is was d u e  t o  loss  o f  some plasma s amples 

collected  during  the early part  o f  th e infusion .  Th e pool s i z es  

ob t ained , w ere  c ompared with the  c alc ulated  values f or  to tal plasma and 

muscle methionine . These  were c alculated  by assuming b l o od  v ol ume to 

b e  5% o f  b ody weigh t and total muscle  weight to be 4 5% of  empty  body  

weight  ( H arper , 1 9 69) . Plasma methionine  concentrations were  measured , 

and the  meth i onine  content  o f  muscle  was taken  as 0 . 58% ( USDA , 1 968 ) .  

To tal plasma meth ionine was cons iderably  lower than the  v alues ob tained 

from  the  d ata , while total muscle  methionine  was one  th o us and times 

h igh e r .  Th e approximate pool sizes f or plasma 2nd mus c l e  methionine  

were  c alculated  assuming blood  v o l ume to be  5% of  body  weigh t ,  and  total  

muscle  weigh t  to be 45% of empty  body  weigh t ( H arper , 1 9 69 ) .  Pl���a 

��thignin� �gn�gntratione . �oro �aaourad, and tho �othionino oontont of 

"'uoolo \:t!OO tolwn . oo 0 a 5@% ( USD/\, 196@) . 

Urinary-N , daily N retention  and plasma urea c oncentration  o n  

f ormalin-treated silage and untreated silage supplemented  with protein , 

energy  and methionine are given  in  Tab l e  4 . 7  • .  Urinary-N appeared t o  b e  

decreased  b y  f ormalin-treatment of  silage i n  Exp t .  1 ,  b ut N retention  

and  plasma urea did  not  show any  consistent  difference  b e tween  treat

ments . I n  Expt . 2 ,  supplementation of  untreated silage  with protein  

s ignific antly  increased both  urinary-N ( P  Z 0 . 01 ) and  N retention  

( P Z  0 . 0 5 )  b u t  had  n o  signific an t  effect  on  plasma urea  concentratio n . 
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Ener g y  supplementation  h ad no s i gnific ant effec t o n  urinary- N ,  N 

reten t ion or plasma urea  c o nc e n tration .  Duodenal infusion  of  methionine  

s ignif icantly d ecreased  ur inary  N ( P  ( 0 . 0 1 ) and  s ignificantly  

inc r eased  N retention  ( P  < 0 . 0 1 ) , b ut had no sign i fic ant effec t _  o r  

plasma  u r e a  concentration . 

F igs . 4 . 3  - 4 . 7  give  t h e  response  in N balanc e ,  plasma me th ionine  

a nd percentage of  methionine  oxidised  to C O  , to  increas ing levels  o f  
2 

meth i o nine/kg " 7 5  entering  t h e  duod enum . All  th e p arame ters  meas ured  

i nc r e ased  in respons e to  increasing  methionine  av ailab i l i ty . H owev e r , 

math e matic al anal y s is of  the  c urves  did  not  d e t ec t  any points  of  

i n f l ec tion . N b alance  ( F i g s .  4 . 3  and  4 . 4 )  inc reased  from  negative  to  

p os i tive  v alues  in respons e to  i nc reasing d uodenal meth ionine  i n  b o th 

experimen t s .  Th e data  w e r e  c onsidered  too  variab l e  for  acc urate  

predic tion of the  methionine  r e q uired to  produc e  zero  N b alanc e ,  b u t  

this  appeared  t o  f al l  with i n  a range o f  50 - 1 0 0mg duod enal methionine/ 

kg " 7 5 , in  Exp t .  1, and  1 00 - 2 00mg duodenal methio nine/k g " 75 in Exp t .  

2 .  Th e d eclining  i n takes  d uring  Reps . 1 and 3 i n  Exp t .  2 resulted  i n  

m arkedly  d ifferent intakes  during  periods  of  b alance  and flow  meas ure-

ments . Thus , N balance v a l ues f o r  F i g .  4 . 4 were  r ecalculated  on  the  

basis  of  ac tual N i n take  d uring  flow meas ureme nts . 

4 . 4  Discus sion 

A . I ntroduction  

E x p t . 1 was undertaken  to c ompare th e effects of  f ormal in-treatment  

o f  s i l age , and I/P s upplementation  of untreated  s i l age , on  t h e  d igestion  

and  u t ilis ation of N in sh e e p .  These  treatments h ad b e e n  sh own to  

increase  the  v oluntary  intake  o f  a basal s i l age  d ie t ,  and  th e main aim 

of th e expe rime nt  was  to  inves tigate possible  f ac to r s  c ontrolling  this  

i nc r e as e .  Sinc e th e main e ff e c ts of  formalin-treatment  and meth ionine  



1 03 

infusion  were · t o  inc reas e t h e  methio nine and total ami n o  ac ids 

available  to th e sheep , alternative  methods  o f  furth e r  i nc r easing  amino 

acid avail ab i l i ty were  s tudied  i n  Expt . 2 .  Th u s ,  formaldehyde-treated  

c as e i n  and an  i ntra-ruminal infusion  of  readily  av ailable  e n e r g y{ were  

used to  s upplement a b as al s il a g e  d i e t .  The effec ts  o f  th e various 

treatments  on the  digestion  of  s ilage have  al ready b e e n  discussed  

.( Chapter  3 )j and th us th e following  d iscussion  wil l  c e n tre  on the  

u tilisati o n  of meth ionine , relative  to  th e presenc e o f  o th e r  amino 

acid s .  

B .  Meth io nine and to tal am ino  acids  b efore  and after  a b s o rpt ion  

In  E x p t .  1 ,  th e to tal f l ow of amino  acids  int o  th e duodenum was  

incr eased  b y  f o rmalin-treatme n t  of s i l age  and  th e a b s o r p tion  o f  

meth ionine  alo ne , w a s  increased by  I/P infusion  of  meth ion i n e  to  sh e e p  

f ed untreated s ilage ( Table  4 .  2) . However , t he  total f l ow of  amino  

acids  o n l y  ranged  from 32 . 8  - 72 . 0  g/day , and t he  meth i onine av aila b le 

f or absorpt ion ranged from D . B  - 2 . 5  g/day . I n  E x p t .  2 ,  t h e  daily  f low  

o f  amino ac ids into  the d uode num on  untr eated silage  was  increased  b y  

both f ormaldeh y de-treated c as e i n  and  intraruminal i n f u s ion  o f  energy  

( Tab l e  4 . 2 ) .  E ach treatment was  also  s upplemented  with  a d uodenal 

infus ion  of  meth ionine . Th e range  of flow of  total amino acids  and o f  

the  meth i o n ine available  for  absorption  w e r e  both g r e a t e r  than  f o r  

Exp t .  1 .  i . e . 33 . 1  - 1 67 . D g amino  acids/day , and D . B  - 6 . Dg 

meth ionine/day . 

The quantity  of  ami no  a c i d s  absorbed from th e i n t e s tines  was n o t  

meas ured , b u t  i t  was ass umed th at t h e  . amount abs o r b e d  w o u l d  increase  

w ith inc r e as i n g  flow  rates  o f  amino  acids  into  th e d u o denum .  Arms t r o n g  

( 1 97 3 )  d i d  report  a signific ant  dec rease  in  the  apparent  d iges t i b i l i t y  

o f  m e th i o n ine i n  th e small i n te s ti n e ·  w h e n  intake w a s  i nc r e ased  from  
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900 - 1 400  g/day . H owever , th e decrease  in  d iges t i b ility  o n  g r o und and 

pell e ted grass was only  7 . 5% ,  and thus  th e ab solute  amount  a b s o rb e d  

would still  h a v e  inc reas ed . F o rmalde h y d e-b ind ing to  s ilage  ( Ex p t .  1 )  

and c as e i n  ( Ex p t . 2 �  appear e d  to b e  largely  reversed  prior  t o  d i g e s t i on 

in th e in testin e s , s ince total intes t inal N diges t i o n  was n o t  adversely  

affec ted b y  th e f o rmaldehyde-treatme n t  ( C h apter 3 ,  Table  3 . 1 3 ) .  

During absorption  o f  amino acids from  th e d uodenum , s ome changes  in 

conc e ntration occur , due to the  utilisation  of  amino  acids b y  the gut 

tissue  ( H ume e t  al . ,  1 9 7 2 ;  Wolff  et  al . ,  1 973 ) .  I n  additio n , me ta-

bolism  of amin o  ac i d s  by the liv e r , and uptake  of amino aci d s  b y  th e 

indiv idual tis s ues for  protein  s ynthes is , result  in  different  amino 

acid conc e ntrations  in plasma taken f rom  po rtal , j u g ular  o r  c ar o t id 

b lood  vess els ( Reil l y  and F o rd , 1 9 7 1 ; Wol f f  et  a l . , 1 973 ) .  J u g ular  

blood  samples  were  taken  in the  pres e n t  work, and s o  metab o l i s m  of  amino 

ac ids  in the tissues  prior t o  meas uremen t  in  jugular  plasma will af f e c t  

the  c onc e n trations  relative  to t h e  amo u n t  absorb e d . 

Util isation  of  amino  ac ids  b y  th e tiss ues  can  b e  broadly  d ivided  

into  two  c ategor ies . 

( 1 )  The f i rst  is  pr o tein  synthesis , which  requires  a partic ular  c omplem-

ent o f  amino  acids , corresponding  to t h e  compos ition  of the  p r o tein  

formed . Th e r a t e  of  protein  s yn th e s i s  will  b e  limited  b y  th e av ail-

abil i t y  of the amino acid wh ich is  p r es ent  in the lowest  c o n c entration  

r elative  to  th e conc entrati o n  required . Th us , an inadequate  s upply  of  

one  amino  acid  will  limit  th e utilis ation  o f  others . Rate  o �  tissue  

prot e in s ynth e s i s  h a s  also  b e e n  fo und  t o  v ary in r e s ponse  to  to tal 

amino  ac i d  av ailability  (Mun r o , 1 9 69 ; C lemens , 1 97 2 ) ,  and the  ac tions  

of  g rowth hormone , i ns ulin  and  thyroxine  ( Munr o ,  1 9 64 ; Cahill  e t  a l . , 

1 964 ) .  
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( 2 )  The  s ec ond category  c ov e r s  the  requirements  for  individual  amino 

acids for spec ific f unc t ions . Meth ionine is  r equired  as a donor of  

meth yl  groups and also  for  c onversion  to c ys teine  ( F inkelstein  and  

Mudd , 1 96 7 ) .  

Th e f ac t o rs c o ntrolling  the  dis trib ution  of s pec ific  amino ac i d s  

b etween th ese f unc tions h a v e  not  y e t  b e e n  c l early  defined . However , 

s ome 6f th e d i e tary fac t ors involved  in th e re gulation  of  meth i o nine  

metabolism  h av e  been  s tu d ie d .  I nc r eased av ailabili t y  o f  c y s t ( e ) ine  h a s  

b e e n  f o u n d  to d ecr eas e c onv e rs i on o f  meth ionine  to  c y s teine  ( Shannon  

et  al . ,  1 9 72 ) ;  low  amin o  acid  intake increased  r e generation  of  

meth i onine from  homoc ys teine  ( F inkelstein  and Mud d ,  1 9 67 ) ;  and low 

meth i onine intake d ec r e ased  th e use  of methionine as a meth y l  group  

d o n or  ( F i n kels t ein and Mudd , 1 9 67 ) .  Th es e s tudies  were  conduc t e d  on  

in  v i tro l iver  preparat i o ns f r om monogas tric  animal s .  The impo r tanc e 

of  c ys t ( e ) ine i n  wool  growth ( Ross , 1 96 1 ) w o ul d  b e  expected  to p r o d u c e 

mar k e d  differenc es i n S-amino acid  metab o l ism  in sh eep, c ompared to  

mon o g astr ic s .  Howev er , the  results quoted  d o  emph asise  that  a n umb e r  

o f  factors  infl uenc e methionine metab olism, and th at o u r  und ers tanding  

o f  these  fac to rs is  still  incomplet e .  

I n  E x pt . 1 ,  plasma meth ionine  concentration  appeared  t o  b e  

inc r e ased  b y  I/P me thionine infus i o n ,  b u t  not  by  fo rmalin-treatment o f  

s ilage  ( Table 4 . 3 ) .  To tal p l asma ami no aci d s  were  l ower o n  untreated  

silage  plus  meth ionine , than  treated  silage , while  th ere  was  c o ns i d e r

able  vari abil i t y  in  th e values  for  untreated  silage  alone.  Th e s e  

r e s u l ts s ugges t that t h e  quantity  o f  me th i o nine  available  t o  th e tis s ues  

on u n treated  s ilage was  limiting  tissue  protein  s ynthes i s .  Meth i o n i n e  

infus ion  p o s s i b l y  s t imulated  protein  s ynth e s is b y  removing  amino ac i d s  

from  th e p lasm a .  
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I n  Expt .  ·2 , neither  th e c o nc entr ation  of meth io nine , nor  " to tal " 

amino aci d s  in the plasma was affected  by  s uppleme n t ation  with energy  

o r  p r o tei n . However ,  plasma me th ionine  was increas e d  ( P .(  0 . 0 1 ) and  

" total"  p l asma amino  acid  concentration  was  decreas e d  ( P  <. 0 . 0 1 ) b y  

d uodenal m ethionine infus io n ,  o n  all  treatments . Th e d ec r e as e i n  

'' total " p l asma amin o  ac id  conc entrations o n  all t r eatments s ugges ts 

that maximum tissue  protein  s ynthesis  was s till limited  by  meth i o nine  

avai labil i t y  at 2 . 7g meth ione/day ( +  pro t e in , Tabl e  4 . 2 ) .  Th e c o ncen

trati o n  o f  "total" amino ac ids  in the  plasma was n o t  s ignificantly  

affec ted  by  tr eatmen t  despite  a two-fold increase i n  the  flow  o f  amino 

acids into the duodenum . Th i s  s u g g e s ts th at  th e a d d i tional amino 

acids wer e either  b ei n g  e Ffic i e n t l y  util i s ed or  r a p i d l y  deaminate d .  

The above  res ults  s ugges t that the av ailabil i t y  o f  meth ionine  was 

l ower  th a n  th at required  for  maximum tis s u e  protein s ynthesis , even at  

the  h igh e r  flow  rates  of  ami n o  ac ids  into  th e duo d e n u m .  Barry  e t  al . 

( 1 973 ) fo u n d  no b e ne f ic ial e f f ec t  of  I/P methionine  s upplementation  o f  

f ormalin-tr eated s i l age on  int a k e  or  live-weight gai n ,  b ut wool  grow th 

was incr e as ed . Th e h igh me th i o nine  r equi rement f o r  wool  growth b y  

shee p , may  inc r ease their  s u s c eptibility t o  meth i o n i n e  imb al anc e ,  at 

low l evels  of amino ac id  av a i l ab il i t y . I/P i n j ec t i o n  of  meth ionine  t o  

sheep  f e d  untreated silage  p r od uc e d  a greater  inc reas e i n  wool  growth 

than f ormalin-treatment of  s ilage , but  f ormalin-treatment p r o d uc e d  a 

greater  i n c rease in  intake  th an methionine  infus i o n  ( B arry  et  al . ,  

1 973 ) . Th is s u gges ts th at  f e eding  untreated  silage  to  sheep  may  

produ c e  a n  imb alance situat i o n  wh ich can  b e  par t i a l l y  allev iated  by  

meth ionine  infusion . Amino  acid  b alanc e  can als o be  improved  by  

inc r e as e d  av ailab i l i ty o f  total amino  ac id s .  Th us , an imb alanc e 

s ituation  is  more  l i kely  to occ ur  at low flow r a t e s  of  total  amino ac i d s  

i n t o  th e d uodenum . Th is m i g h t  indicate that th e e x tra-protein r equire-
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ment for  meth ionine  is proportional l y  h igh er, than at h i gh e r  flow  rates  

o f  t o tal a�ino  ac i d s  into th e duodenum ( Grau and  Ka�e i ,  1 9 5 0 ) , or  

alte rnatively  that  h igher  availability  o f  total amino ac ids  reduces  

the e ffec t of  a low methionine proportio n .  H owever , i n  E xp t .  Z ,  .i ntake 

s ti l l  decr eas ed  slightly , at h igh e r  flow  rates of �uodenal amino ac ids . 

This may s uggest  that  th e ex tra-p r o tein  requireme nts  f o r  methionine  

were  high e r  for  th e sheep  in  Exp t .  2 th an in  Exp t .  1 ,  wh e r e  no intake  

response  was recor d e d .  Th is will  be  discussed  later , in  relation  t o  N 

b alanc e .  

The plasma  methionine  c onc entrations  on  the b as al s il age d i e t  were 

hi gh e r  in Exp t .  2 t h an E x p t .  1 .  S in c e  th e decrea s ed intake  in E xpt . 2 

( Chapter  3 )  s ug ges ts  th at  meth ionine  was more  lim i ting  in Expt . 2 th an 

Exp t .  1 ,  t h is d i f f er ence may ref lec t e ither  a greater  adaptation  to l ow 

meth ionine  in Expt . 1 ,  or  a d ec reas e in  me thionine loss  with  s t o rage  o f  

plas m a  s amples . Th is  l a t t e r  possib ility  arises  f r om th e t ime d elay  

between  c o llec tion and anal y s i s  o f  s amples  in Exp t .  1 ( 1  y e ar ) c ompared  

t o  E x p t .  2 ( 1  month ) . Th e " total"  amino  acid  conc entration  in plasma  

also  differed  b e tween  th e two exper iments , but  th i s  was due  to  the  

omis s ion of  th e basic  amino ac i d s  i n  Exp t .  2 .  

C .  The  e f f e c t  o f  t reatments  o n  individual amino acid propo r tions in  

the  pl asma 

The e f f ec t  of treatmen t s  on th e concentratio n of indiv idual  ami n o  

ac i d s  i n  th e pl asma was a l s o  meas ured  ( Tab le  4 . 4 ) . S i n c e  p l a s m a  amino  

acid  c onc e n trations  are  r ead ily  aff ec ted  b y  n umerous  n utritional  and  

phys i ological f actors  ( Swendseid  e t  al . , 1 967 ; S ynderman et  al . ,  1 9 68 ; 

Oltj e n  et  al . ,  1 9 69 ; Amos e t  al . ,  1 9 72 ) ,  few con c lus i ons  c an b e  d r awn  

from changes  in  ind ividual plasma  amino  acid conc e n tration s . H owev e r ,  
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o b se rv ations  on th e e f f ec t  o f  increased  m e th ionine av ailability  o n  th e 

c oncentration  o f  o th e r  plasma amino acids  may giv e some  indication  o f  

s pec if ic ac tions of  methionine .  

Th e diff erenc e s  in perc entage c o nc en t rations  of s e r ine , alan i n e , 

cys tathionine , methionine , l euc ine  and isol e ucine  b e tween  replic at e s  in 

Exp t .  2 were  s i gnific ant . Taur ine  concentration was too  low  to  be  

meas ured in  th e plasma samples  f rom replicate 1 ,  Exp t .  2 ,  but its  c o n

c entration  c o uld b e  meas ured  af t e r  four  t o  seven  days  o f  meth io n i n e  

infusion . Taurine  w as p r e s e n t  i n  the  p l a s m a  of  th e s h e e p  p rior  to  

methionine  infus ion  in  replicates  2 and 4 .  Th ese  results  s ugges t t h a t  

th ere - was a c arryover  effect  from  th e prec e d ing meth ionine  infusion  

p eriods . Th is effec t appeared  to  b e  s imilar  on all  tre atments , and  

thus it would  have  h ad no effec t on  th e treatment compar i s o n  as  analysed  

by  the  Analysis  of  V arianc e . 

Th e percentages  of  c y s t eine , cys tath i o nine and taurine  were  s i gnif

icantly increased  by  meth i o n ine infusion  ( P <  0 . 0 1 ) .  Th is s u g g e s t s  

t h a t  conside rable  c o nversion  of meth i o ni n e  to cys teine  did  take p l ac e .  

C y s tathionine  i s  an intermediar y  i n  th e conversion  o f  meth ionine  t o  

c ys teine , and taurine  i s  a product  o f  th e m etabolism o f  c y s teine  

( Ch apter 1 ,  F ig .  1 . 2 ) .  Th e plasma amino ac id concentrations  af t e r  one  

day  of meth ionine  infusion  were  also  meas u r ed in Exp t .  2 ( A ppendix  5 ) . 

Th ese  were  interesting  in respect  of  th e c h ange in  taurine  concentration .  

In  replicates  2 and  4 ,  taurine  was  present  prior  to methionine  i n f u si o n , 

b ut h ad dis appeared from th e s ample  taken  24h after t h e  s tart  o f  

infus i o n .  I t  reappeared  after  f our  d a y s  o f  infus ion . 

Th e r e  was als o  a s ignificant  interac t i on between  s up p l ements  and 

methionine inf usion on th e p ercentage o f  c ysteine and s erine  in  th e plasma 
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( P  < 0 . 05 ) . Th e decr ease  in  s erine  percentage  in response  t o  methionine  

i nf u sion , was l es s  o n  the protein  s up p lemented  die t ,  th a n  on  the  oth e r  

two treatments . Since  serine i s  requir ed f o r  the c o n v e r s ion o f  meth i o ni n e  

to  c y s teine , t h i s  might s uggest  a d ec reased  percentage  c onversio n o f  

methionine t o  c ys te ine  at  high er  flows  o f  duod enal amin o  ac i d s . Howe v e r , 

the  p lasma cysteine percentage  gave a greater  response  to  methio nine  

infus i on o n  th e pro tein s upplemented than  the c on tr o l  diet . Reis  et a l .  

( 1 9 73 ) als o  reported  d e c reased  plasma serine  c onc e n t r ations , and 

incre ased taurine  and  c ys t ath ionine  c onc entration s , in response  to 

postruminal methionine  infus i o n .  Similar ch anges to th o s e  r ec o r d e d  f o r  

the  o ther  amino  acids  h av e  a l s o  b e e n  reported  ( Synd e rman et al . , 1 9 68 ;  

· Tao  e t  al . ,  1 9 74 ) .  

S u p p l ement ati o n  with protein  and energy  ( Exp t .  2 )  h ad a significant  

effect  on th e percentage  o f  th reonine , glyc ine , v aline , is£l euc ine , 

l eucine  and tyrosine  ( P  ( 0 . 0 1 ) . Th ese  changes  g eneral l y  reflec t th e 

differenc e s  in duod e nal amino acid proportions  b e tween  treatments . 

H owev e r ,  the inc reas es in valine , isoleucine  and leucine  are  not  related  

to  duodenal  amino ac id flow .  S inc e th e main requirement  for  th ese  amino 

ac ids is for th e sy nthesis  of  tissue protein , th e s e  inc r eas es  may  

indicate a change  i n  th e r ate of  tis s u e  p r otein  s ynthesis  r elative  to  

amino aci d  availab ility , as  d u od enal amino acid  flow rates inc r e ase . 

The  c h anges  in th e p ropor tions o f  p l asma amino ac ids  with t ime 

a f ter  the s tar t of meth i onine  infusion  were  also meas ured  ( Table  4 . 5 ) 

in  E x p t .  2 ,  R ep . 1 .  Th e greatest  changes  appeared  to o c c ur during  th e 

f irs t two days of infus io n ,  and  the perc en tages were  r elatively  constant  

after  four  days  of  infu s i o n .  This  s ug�e s ts theref o r e , that th e period  

o f  s i x  days  ad justment  to  meth ionine  infus ion  was  of  s uf f ic i ent length . 
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D .  Metab o l ism of meth ionine 

Meth i onine metabolism  was s tudied th r ough the use  of l abel l ed 

meth i o nine . C o ntinuous infus ion  of  L-methionine-C 1 4  ( U )  over  a period  

o f  1 2h, enabled  es timation  of meth ionine  turnover  rate , the  perc entage  

of  methionine oxidised to  c o 2 , th e pe rcentage of  c o2 d erived  from 

meth i onin e and  the  size  o f  th e pool  w i th wh ich infused  meth ionine  was  

in equilib rium ( T�ble  4 . 6 ) . The I/P meth ionine infus i o n  suppl i e d  an 

average of 1 . 2g  meth ionine/d ay ( i . e .  0 . 33mmole/h ) more  than the 

untreated silage  alone . This  infusion  increased the methionine  turn

over  rate b y  an  ave rage o f  0 . 27 mmole/h . Th e treated s ilage  provid e d  

a n  additio nal 0 . 6g/day ( i . e .  0 . 1 7mmol e/h ) which inc reas ed  meth i o nine 

turnover by an average o f  0 . 1 3mmo l e/h . These  f igures s uppo r t  th e 

h ypothesis  th a t  meth ionine absorp tion  increased  with b o th increased  

f low of  amino acids into  th e duod enum , and  infusion  of  meth ionine into  

the  perito neal cavi ty . 

Estimation of the s ize  o f  th e me th ionine  pool , f r o m  plasma 

meth ionine  SAs , could only be mad e for seven · of the  sheep . However , 

the size  o f  pool  appeared to incr ease from 562 - 1 026�mole , in response  

to  I /P me thionine  infus i o n .  I n  o rder t o  g a i n  some unders tanding  of  t h e  

s o urc e of  meth i onine  contribu ting t o  this  pool , es tima tes  o f  th e total  

p lasma and  mus c l e  methionine  were  mad e ,  using  data o n  b ody w ei gh t and  

pl�sm a  me thionine c o ncentrat i o n .  T h e  average value  f o r  total p l asma 

meth ionine  was 2 1 �moles . Th is  s ugges ts that the turno v e r  rates meas ured  

( Tab l e  4 .  6)  did not  refer  s o l ely  to  turnover  of meth i o nine in th e 

plas m a ,  b u t  th at  an additional  p o ol o f  meth i onine was also  involved . 

The meth i o nine pool s i z e  obtained  from  the d ata was o n l y  0 . 1 % o f  total  

m usc l e  methionine ( av . 5 7 8mmole ) . However , muscle appears  to c o ns i s t  

o f  b o th m e tabolical l y  active and inac tive amino acid p o ols ( Munr o ,  
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1 964 ) .  H e nce�  the meth ionine  pool  to  wh ich the turnover  rate  appl i e s , 

may b e  c ompos e d  of plasma meth i o ni n e , liver  meth io ni n e  and/or f r ee 

mus c l e  me thioni ne . 

The perc e ntage of meth ionine  which  was oxidised  to c o2 was also  

meas ured , and  was increas ed  b y  I/P infus i o n  of meth ionine . Th is may 

ind ic ate e ith e r  th at  meth ionine  was b eing  s upplied  in  exces s of  require-

ment , or  that  util isation  of  meth ionine  f o r  non-protein  func tions  was  

incr e as ed uJith inc r eased  methionine  av ail ability . During  th e c onve rs i o n  

of  methio nine t o  c y s teine , t he  c ar b o x y l  m o i e t y  is  co nverted  into  

� -ketob utyric ac i d , which may  th e n  b e  oxidised  and  1 4c o2 expired . 

Aguilar  e t  al . ( 1 9 74 ) reported ch anges  in the  metabolism  of  meth ionine 

by  r ats w i th increas ing  perc entage  o f  meth i onine i n  th e d i e t . They  

obs e r v ed that  incor poration  of  the  methyl  group of  methionine  into 

pro t eins  i nc r e ased as methio nine increas ed , while  incorporation  of th e 

c ar b o xyl g roup remained unch ange d .  Thus , oxidatio n  of  the c ar b o xyl 

gro u p  inc r eas e d  mo r e  rapidly  than o x i dati o n  of  the meth yl g r o up wh ich  

was incorporated  i n t o  other  amino  ac i d s  and  henc e  into  p r o t eins . 

Th e perce ntage of c o2 d e r i v e d  f r om methionine  also  i nc r e as e d  w i th 

I/P infus ion .  The  average  for  all  tr e atments was  0 . 1 % at a turnov e r  

rate of D . 0 1 g/h . C o rresponding  v a l u e s  for  gluc o s e  ( B e r gman et  al . ,  

1 963 ) w e r e  a turnover  rate of  4 g/h giving  a percentage  of c o 2 derived  

from  gluc o s e  o f  1 0% .  Thus , oxidation  of  methionine  makes a c omparatively  

mino r  con trib u t ion to  total  oxidation  in  the  s h e ep . 

E .  Overall  N metabo lism 

Th e changes  in  the rate of t i s s u e  protein  s yn th es i s  wh ich h av e  

alr eady  b een  d isc u s s ed, will  a l s o  aff ec t d a i l y  N r e te n tion  b y  th e s h ee p . 

I n  E x p t .  1 ,  f ormal in-treatment o f  s i l age  r e s ulted  in  net  addition  of  N 



1 1 2 

to  t h e  rumen , .c ompared  to  n e t  ab sorption  o n  untreated s ilage  ( Ch ap t e r  3 ,  

Tabl e  3 . 9 ) . Thus , the b alance  of ami no  acids  abs orb e d , to ammonia  

abs or b ed woul d h av e  been  h i gh er  on  th e treated  than untreated  s i l ag e .  

H e nc e ,  urinary-N appeared  to dec r ease  in  s h e ep fed untreated  compared  

to treated si lage . However , N retention  and  plasma urea  c oncentrat i o n  

d i d  not  show a n y  cons is te n t  treatment d i f f e r ence  ( Table  4 . 7 ) . 

I n  Exp t .  2 ,  urinary-N was s i gnificantl y i ncreased b y  suppl ementation  

w ith f ormaldeh yde-treated  casein  over  untreated  silage  alone . Th is  was  

poss ibly  due to  inc reased digestion  of  N in  th e s tomach region  in  

r e s ponse to th e protein  supplement ( C h apter  3 ,  Tabl e  3 . 9 ) . I n  add i t ion , 

th e utilisation  of abs orbed  amino acid-N i s  l imited b y  i ts balance  o f  

ami no  ac ids , r elative  to  t h e  proport ions  r e q ui red f o r  tis s ue p r o t e i n  

s ynthesis . Th e effect  of methionine  inf u s i on i n  increas i n g  tis s ue 

pr otein  s ynth esis  h as alread y been  dis c u s s e d .  Th us the  decrease  in  

urinary-N in response  to methionine  infusion, c an be  attributed  to  

inc r eased efficiency  o f  utilisation  of  amino  aci d s  for  t is s ue p r o t e i n  

s ynthesis . Urinar y-N on t h e  protein  suppleme nted d i e t  w a s  only  s l i gh tly  

d e c r eased by  d uodenal methionine infusion , b ut N intake h ad inc r e a s e d  

o n  a l l .  treatme nts . N bal ance was s ignifican tly increased  b y  b o th 

p r ot ein s uppleme n tati o n  ( P  � 0 . 0 5 )  and b y  methionine infusion  ( P �  0 . 0 1 ) .  

This  result g ives further  ev idenc e that t i s s u e  protein  s ynthes is was  

increas ed  b y  b o th inc reased  total amino ac i d ,  and  meth ionine , avail

ability . 

Energy  s upplementation  had no  s i gnificant  effect  o n  N b alanc e o r  

urinary-N , d e s p i t e  an  increased  f l o w  o f  amin o  ac ids i n t o  th e d u o d e n um . 

Th is may reflect  d ec r eas e d  absorption o f  ammonia from th e r ume n ,  d u e  to 

m o r e  efficient  utilis ation  of NPN  in th e r umen  ( Chapter  3 ) .  
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T h e r e  wer e  no s ignific a n t  d i f f er enc e s  in plas ma  urea  c onc e n trati on . 

This res u l t  suggests  th at  pl asma urea  conc entrati o n  is  not  a s u f f ic

ient l y  s e nsitive  p arame ter  f o r  assessing the  N s tatus  of  r uminants . 

This was r einforced  b y  daily  meas urement  of  plasma urea  concentration  

after  th e s tart of  meth ionine  infus io n .  The  effect  of  duration  of  

meth i onine  inf usion  on  th e p e rcentage  conc entrati o n  of  amin o  ac i d s  in  

the  p l as m a  has already  b e e n  d iscussed  ( Tab le  4 . 5 ) and  thes e showed  a 

g rad u al c h ange with t ime a f t e r  the  s tart  of  inf us i o n . However , plasma 

urea conce ntrations did  not  s h ow any c o n s is tent  t re n d s . 

F .  Requ i rements for meth ionine  

One  o f  the aims of  t h e s e  expe riments was to e s t imate meth io nine  

requi reme n t  for  th e sheep . T h e  p arameters to  be  used  f o r  this e s tim� 

ati o n  wer e :  

( a ) N bal a nc e ,  

( b ) p l asma meth ionin e , 

( c ) oxidation  of  methionine  t o  c o 2 • 

Thes e parameters h av e  b e e n  u s e d  to es timate amino acid  r equireme nts i n  

non- r uminants ( Zimmerma� a n d  Sco t t ,  1 9 65 ; Neale and  Water l o w ,  1 974 ) 

b y  p l o tting - inc reas i n g  amino ac i d  intake versus r e s p o ns e .  Thes e 

" res p o ns e  c urves"  g eneral l y  t ake th e form  o f  two i ntersecting  l ines , 

with the  p o int of  inters e c t i o n  b eing  desi gnated as th e opt imum r eq u ir e

ment . A b o v e  this  p o i nt , an inc r eas ed  res ponse  in t erms of  N bal anc e 

requi r es a greater i nc r em e n t  in meth ionine  i ntake, th an the s ame s i z e  of  

inc r e ase b elow the  point  o f  intersection . However ,  th e res ults  r e p o r t e d  

h ere  f or r uminants, emphas i s e  t h e  l imits  o f  s uch m e t h o d s  for  es timating  

meth i onine  requirement  by  h i ghligh t ing two  f ac to r s  i n  p artic ular , 

which should  be  defined  f o r  any  estimatio n of  requirement .  
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( 1 )  Physiologic al s tate : A c omparison  o f  the dail y  N retention  between  

Expt . 1 and  2 ,  showed  a marked  d i f f erenc e in  the  q uanti ty of  N retained  

a t  low  l e v els o f  methionine availab ility . Th is may b e  seen  from F i g s . 

4 . 3  and  4 . 4 .  I n  Exp t .  1 ,  duodenal  f l ow r ates of 4 7  and 6 0  mg  

meth i onine /kg " 75/d a y ,  gave  N balanc es o f  -1 . 2  and  +1 . 6g/d a y  re�p�c t-

ively .  I n  Exp t .  2 ,  the declining  i n take o f  the  c o ntrol  s il age  in  rep s .  

1 and 3 ,  resulted  i n  markedly  different  i n takes d uring  c o l l ection  of  

f aeces  and urine  s amples for  balanc e measurements , compared  to intakes  

duri n g  c ollec tion o f  duodenal dige s t a  samples for  flow meas urements . 

H oweve r ,  i ntakes in  � ep .  5 were  s imilar d uring both  period s , and  a f low 

r ate of  9 7mg/kg • 75/day gave a value of  -1 . 2 g N retained/day . S uch  

d i f ferenc es  be tween experiments may indic ate that  th e s h e e p  in E xp t .  2 

required more  meth ionine to reach  a positive  N bal ance , than  th e sheep  

i n  Expt .  1 .  Th is  p o ssibility  could  explain the o bserved  i n take 

respo nse  in Exp t .  2 ,  wh ile  no  s uc h  response  was apparent i n  Exp t .  1 .  

A h igher r equirement for meth ionine  would  hav e  been  mor e  l i kely  to 

resul t in  an imbalance s ituati o n .  

No  d e finite  evidence f o r  a h igher  methionine requirement  i n  E xpt . 

2 is available , but  two f ac tors wh ich  could  h ave c ontribute d ,  will  b e  

c ons i d ered .  T he  first  is th e s easo n  o f  the  year d uring  wh ich  the  

exper iments  were  c onducted , in  relation  t o  wool growth . E x p t .  1 was  
h w  

c onducted from May  t o  Sep temb er , a period  of relatively �  wool  

growth , and  Exp t .  2 from Sep tember to  January , a period  of  relativ e l y  

A .  
-�A

wool  growth ( R yder and S tephens o n ,  1 9 68 ) . Since  wool  g rowth h as a 

h igh requirement f o r  cys t ( e ) ine  ( Ross , 1 9 6 1 ) ,  th e require�ent  f o r  

methionine  f o r  c onv ersion t o  c ys teine  ( at a c onstant c ysteine  avail-

abil i t y )  would b e  e x pected to  inc reas e .  

A second f actor  which c o uld  h a v e  influenced requireme n t  b e tween  

experiments, was a d i fference i n  th e prev i o us nutritional h is to r y  of  the  
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animals . The " sheep in Expt .  2 were  s ub j ec ted  to cons iderable  n u t r i

tional d e p rivation  s ix weeks prior  to th e s tart o f  th e experime n t .  

This was c aus ed  by  t h e  sheep  refus i n g  t o  e a t  a n  altern ativ e b at c h  o f  

silage . S ix sheep  were  offered  th is  part ic ular s ilage , and all intakes  

d ec reased rapidly  for  two weeks . Howeve r , th is s ame s ilage  was again  

offered  t o  th r e e  of  th e s e  sheep  after s i x  months of  good  nutrition . 

Two o f  the  s heep  maintained  an intake of  g r eater than 6 0 0 g  DM/d a y  o v e r  

a period o f  s e v eral wee ks . Th e intake o f  the  third sh eep , and  o f  an  

additional  sheep  d e c r�as e d , b u t  in th e f i r s t  c as e  was res tored  b y  

duodenal methionine  inf us ion , and i n  th e s econd b y  daily  supplementation  

with  formaldeh y de-tr eated  casein , given  into  the  rumen . Th es e r es ul t s , 

together  w i th the  s i gnificant  differ �nces b etween animals in v o l untary  

in take in Exp t .  2 ,  s ugges t that the  p r e v i o u s  nutr itional h is t o r y  of  

individual animals , with res pec t to p r o t e i n  s tatus , will  h av e  a marked  

effec t on the response  of  th e sh eep to  low  meth ionine  av ai l ab i l i t y .  

( 2 )  Avail ability o f  oth er  amino acids : During  th e discus s i o n  o f  

results  in  th is chapte r ,  reference  h as frequently b e e n  made to th e e f F ec t  

o f  the  av ailab ility  of other  amino ac ids  o n  methionine  requi remen t .  

The  b alanc e . in the utilisation  o f  meth ionine for tissue  prot ein 

synth esis , o r  extra-pr o t e in functions  h as b een shown t o  change  w i th 

inc r e asing intake o f  amino acids and me thi o nine f o r  monogas tric s ( Grau 

and Kamei , 1 9 5 ; F inkels tein  and Mud d ,  1 9 67 ; Shannon  e t  al . ,  1 97 2 ; 

A guilar e t  al . ,  1 974 ) .  While  few  data  o n  meth ionine metabolis m  i n  

r uminants are avai l able , a s imilar s i tuation  appears to  exis t .  H e nce  

a point  o f  intersec tion  i n  a response  curv e ,  may simply indicate  a 

change  in the function  f o r  which meth io n i n e  is b eing  util i s e d .  I n  this  

res p ect , d ifferent requirements have  been  p redicted  from  differ e n t  

parameters i n  th e s ame experiment ( Tao  e t  al . ,  1 974 ) . 
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The ' 'response c urves"  ( F igs . 4 . 3  - 4 . 7 ) , f o r  N b alanc e ,  plasma 

meth ionine  and perc e n t a g e  oxidation  of  meth ionine  to  c o2 , w i th 

inc r e asin g levels of duode nal me th ionine  p e r  unit  of metab o l ic body  

weigh t ,  s h o w  that  th ese p arameters did  resp ond to increased  meth ionine  

availabil i t y .  Howev er , no  c learcut  points  of  intersection  were  

detec t ed . I n  p articular , response  in the percentage  of  meth ionine  

oxid ised t o  c o2 ap peared  t o  be  l inear . A s imilar result  f o r  rats  was  

r e p o rted by  Aguilar et  al . ( 1 9 72 ) .  Aguilar  e t  al . ( 1 9 74 ) s u gges ted  

that  s ome feature o f  th e metab olism of methionine  affected  oxidati o n , 

and th us p rev e nted the p r e s ence  of  a c learly  defined  point  o f  in ter-

sec ti o n .  

T h e  l evel and type  o f  production  response  sh o uld  a l s o  b e  considered  

as  a c rite rion with  wh ich  to  d e f i ne re quirement . Th ese  points  are  

emph asis e d  by  the wide  range  o f  meth ionine requirements reported  in  th e 

literatur e ,  from 1 0 5 - 1 25 mg methionine  entering  the �uodenum  p e r  u n i t  

of  metab o l ic l ive-we igh t per  d ay ( Wakeling  ���. ,  1 9 70 ) , to  2 0 7  mg  

s up p l emen t al methionine per  unit  of  metab o l ic liv e-weigh t per  day ( R e i s  

et  al . ,  1 9 73 ) .  Th us , t h e  me thionine  requirement  of  sheep  appears  t o  b e  

affec t ed b y  a v arie t y  of  f ac tors  which should  be  defined  f o r  any  

es timate o f  requirement . 
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The amino acid s tatus of  s heep  f e d  s ilage app ecrs to  b e  an  

important factor in regulating  volun tary intake . Thus , E x p t .  1 was 

u ndertaken  to c ompare the e ffec ts o f  formalin-treatment of  s i l ag e ,  and 

I/P methionine infus ion , on th e diges tion  and utilisation  o f  s ilage by  

shee p . In  Expt . 2 ,  two alternative  meth ods  of inc r eas ing  d uodenal amin o  

acid f l ow were s t udied . I n  additio n ,  each of th e tr eatments w a s  supple

mented  with  duodenal methionine , to c ompare  the u t ilisation  o f  

meth i o nine  a t  varying  l evels  of  duodenal amino ac i d  flow . 

The  main d iffere nc es in c h emical c omposition b e tween s i lage  and 

h erbage , are  th e low water s oluble  carbohydrate  c ontent , and h igh  

· proportion  of N P N  i n  th e total  N fractio n .  Th ese d i fferences  will  

c ombine  to  limi t th e flow  of amino acids  into  the d u odenum , s i nc e 

readi l y  av ailab l e  e ne rgy  is required  for  effic ient utilisation  o f  NPN  

by  r umen micro-organisms ( B elasco , 1 9 5 6 ;  B loomfield  �. , 1 9 58 ; 

Henderickx  and Martin ,  1 9 63 ) . Th e three tr eatments ; f o rmali n-treatment  

o f  silage ( Ex p t .  1 ) ,  formald ehyde-treated  casein  and energy  sup p l ements 

( Exp t .  2 ) , all increased the flow  of  amino  acids into the d uodenum , to  

a max imum of  1 67 g/day . A comparison  of  t h e  data  from  b o th exper iments 

i ndicated that amino acid intake acc ounted  for 67% o f  th e variation  in 

d uodenal amino ac id f l ow .  H e nc e , th e degree of  amino acid d egradation  

d uring ens i J in g ,  ap pears to be  a k ey  f ac tor in determining  its  

effic ienc y of utilis ation . F o rmalin-treatment of s i lage prevented  th e 

d egradatio n  of protein  and amino ac ids  i n  the silage  s tack ( B arry  and 

F ennessy , 1 972 ) .  

A comparison  o f  th e OM i ntake r eq�ired  to s up p l y 1 00 g amino  acids/ 

day , entering  th e duodenum , o n  silage , c ompared to  o ther  d i e ts , 

indic ated th e need  f o r  a relative l y  h i gh intake of  s il age  to  maintain  

this flow . In  Expt . 2 ,  intake of  th e c o n trol  silage  decreas ed  with 
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time . Th is  decreas e  was prevented  b y  b o th t h e  formaldeh yde-treated  

casein  and  energ y  s uppl ements . The  formaldehyde-treated  c asein  was 

l argely  protec ted  f rom degradation  in th e rume� ,  b ut appeared t o  b e  

diges ted i n  th e inte s tines . Supplementation with energy  also  increased  

the  f low o f  amino ac ids into  the  duodenum , b y  increasing  t h e  c onversion  

of  N P N  to  protein w i th i n  the  rumen . Henc e ,  th e amino ac id s tatus o f  

t h e  s h eep was increased  b y  these  t w o  treatme n t s ,  and intake was main

tained . T hus , the utilisation  o f  s ilages with  a l ow amino acid  c o n t ent  

may b e  improved  b y  s uppl ementation with '' p r o tected-protein" or a s o urce  

of  r e adily available  ener g y .  

The d ecrease  i n  intake  in  E xp t .  2 was r ev erse d  b y  duodenal  s u p p l e

mentation �ith meth i onine s s u ggesting  th at  s il age-fed sheep  may b e  in  

an amino acid  imbalanc e with respect  to meth i onine . N balanc e was  

significan tly increased  by  duodenal meth ionine  and  total  plasma amino  

acid c onc e ntration was  decreased . Th us , the availab il i ty of  methi o nine 

appeared to  limit  t issue  protein s y n thesis . However , N bal ance at th e 

s ame l evel  of meth io nine availab ility  was h i gher in  Expt . 1 ,  c ompare d  

t o  Expt .  2 .  Th is s uggests  that a h igher prop ortio n  o f  th e available  

methi onine was  us ed for  t issue protein  s ynth e sis in  Ex p t .  1 . S ince 

intake  was main tained on all  treatments in  E xpt .  1 ,  b u t  decreas e d  o n  

the  c ontro l  s i lage i n  Exp t .  2 ,  th e s usc e ptib i lity of  s h ee p  t o  methionine  

imbalance appears t o  depend on  the  rate  of  tissue protein s ynth esis  in  

th e a nimal . I ntake was also  partiall y  maintained b y  t h e  two s upple

ments in E xpt . 2 ,  a nd  hence  meth ionine  i mbalance  appears to  be  more  

severe  at  l ower  levels  o f  duodenal amino ac i d s .  

Henc e ,  t h e  particular  problem of  s ilage , i n  h a v i n g  low  ami n o  ac id , 

and readil y av ailabl e  energy c o ntents , appears to limit  th e flow  o f  

amino  ac ids . i n to  th e duo d enum . Low availabil ity of  amino ac ids t o  t h e  
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tiss ues , may then result  in a state  o f  meth ionine imbalanc e ,  w h ich in  

�urn may  l imit  intake . The susc e ptib ility  o f  sheep  t o  methionine 

imbalance , depends  on  the  p r ote in  status o f  individual animals . 
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APPEND I X  1 

Silage OM intakes  - Expt . 2 .  

A .  Mean daily in take during seven  day balance  period (gDM/day) . 

S heep  numbers 

T re atment  No  methionine  + meth ionine  

82 1  1 1 57 1 303 821  1 1 57 1 303 

C ontrol  443  3 66 637  409  597  675  

+ protein 648 608  696  688  663 7 0 1  

+ energy  6 1 1 629  652  594  667  68 1  

B .  Mean daily intake  dur ing three day collect ion o f  duodenal d igests 

s amples  (qDM/day) . 

Sheep  n umb ers 

Tr eatment No methionine + methionine  

8 2 1  1 1 57 1 303  §11 1 1 51. 1 3 03 

C ontrol 3 3 5  2 93 6 1 0 5 1 5 559  688  

+ protein 6 1 0 641  70 1  660  654  70 1  

+ energy  4 6 1  587  679  572  678  69 1  



APPE N D I X  2 

Analys es of Varianc e - Expt .  2 

Sourc e : R eplic ates 
Treatment 
Methionine 

Treatment x Met I nt eraction 
,C,nimals  

Mean S quare  

Signif ic ance 

Silage 

MS 
Si g .  

0 �1  

N I ntake 

MS  
S i g .  

fl. A I ntake  

MS  
S i g .  

� 
I n take 

701 6 . 99 
NS 

3 . 28 
NS 

8 5 . 2 
NS 

Error  

MS 

S i g .  ** 
* 

N S  

Trtmt . 

45453 . 50 
** 

1 55 . 74 
** 

56 1 2 . 4 
** 

Total rumen V F A  c o nc entration  

MS  93 . 4 6 205 . 02 
S i g .  ** ** 

Molar propo rtion o f  acetate 

MS  2 . 55 29 . 3 0  
S i g .  NS NS  

Molar propor tion o f  propionate  

MS  5 . 3 5 0 . 22 
Si  g .  NS NS  

Molar proportion o f  but:t:rate 

MS 0 . 66 9 . 9 1 
S i g .  NS NS  

NH -N 
-3 

conc entration in r umen  

MS  7.8 . 69 1 . 9 3  
S i  g .  ** NS  

p <. 
P <  
Not  

Me t . 

3 5823 . 22  
* 

2 2 . 22  
* 

55 5 . 6 
*"* 

Rep . 
Trtmt . 
Met .  
T x M 
Ans . 
E r r .  

0 . 0 1 
0 . 0 5  
significant  

T X �1 

9 1 88 . 4 7  
NS 

2 . 84 
NS 

1 02 . 7  
NS 

A ns . 

2 2 . 5 5  
* 

453 . 7 
** 

1 3 3 

Err .  

2662 . 8 1 

3 . 03 

38 . 0 

23 8 . 64 3 . 3 7 
** 

1 1 . 42 
NS 

1 8 . 46 

7 . 66 7 . 66 
NS  

1 . 0 5  4 . 20 
NS  

8 2 . 34 1 . 69 
** 
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R ep. Trtmt . M e t .  T x M A ns . Err . 

� OM dige s ted  in  st omach 

MS 3 2 . 06 0 . 72 3 7 . 56 68 . 06 1 4 2 . 7 2  54 . 3 9  
S i g .  NS  NS  N S  NS NS 

� en e rgJ:: d ige s t ed i n  st omach 

MS 1 9 . 90 0 . 8 7  1 20 .  1 2  1 1 8 . 4 0 2 6 1 . 3 1  4 5 . 4 9  
S i g .  N S  NS  N S  N S  NS  

� N d ioes  t ed i n  s tomach 

MS 309 . 93 9 1 5 . 54 54 . 08 387 . 92 1 494 . 29 1 75 . 60 
S i g .  NS  * N S  NS * 

Non-arnino ac i d-N entering th e d uo denum  

MS 0 . 3  9 . 1  9 . 3  1 . 8 3 . 6  0 . 72 
Sig . NS  ** ** NS NS  

Non-c:rn ino  a cid-N in take 

MS 0 . 23 0 . 70 1 .  30 0 . 37 1 . 2 3  0 . 1 3  
S i g .  N S  * ** NS ** 

Ratio  of  d uodenal N A A-N to  NA A-N i n t a ke 

MS 0 . 02 0 . 82 0 . 23 0 . 2 5 0 . 23 0 . 07 
Si  g .  N S  ** NS  NS NS 

A m i n o  ac i d s  e n t e r i n o  th e duo denum 

MS 53 1 . 8 5 5978 . 77 1 2 65 . 05 73 . 83 570 . 37 2 1 2 . 78 
Sig . N S  ** NS  NS NS 

Rati o o f  d uodenal  A A  to A A  i n take  

MS 0 . 52 0 . 20 0 . 002  o . o8 0 . 23 0 . 0 1 3  
S i  g .  N S  ** NS  * ** 

Ratio  of  d uodenal  A A  to N intake  

MS  0 . 62 3 . 38 o . oo 0 . 88 5 . 1 8  0 . 67 
S i  g .  N S  NS  NS  NS * 

N e n t ering the  duodenum 

MS 1 1 . 29 9 7 . 1 5  70 . 4 1 3 . 97 4 . 3 1  5 . 0 7 
S i g .  N S  ** ** NS NS 

A A  a s  � to tal N enter ing the d uo denum 

MS 6 . 67 664 . 73 9 1 . 58 4 . 00 1 6 1 . 34 1 0 . 55 
S i  g .  N S  ** * NS ** 
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R e o .  Trtmt .  Me t .  T X �1 A n s . Er r .  

Duod enal anino  ac ids  (expressed as a £if of  the  t o tal ) 

3.£9. 
MS u .  062 0 . 3 1 8  0 . 0 1 4  0 . 040  0 .  DOt� 0 . 024 
S i g .  N S  ** NS  NS  NS 

H is 

MS 0 . 1 74 0 . 05 1  0 . 1 6 1 0 . 09 1  0 . 02 7  0 . 1 1 2 
Si  g .  N S  N S  N S  NS NS 

I l e 

MS 0 . 346  0 . 1 5 1 0 . 245  0 . 045  0 . 0 1 6 0 . 04 3  
S ig .  * NS  NS  NS NS 

Leu  

MS 0 . 1 09 0 . 3 6 1  o . ooo  0 . 1 1 7  0 . 073  0 . 2 6 7  
S i g . N S  N S  N S  NS NS 

� 
MS  0 . 1 96 0 . 1 1 1  0 . 094 0 . 0 1 1  0 . 3 89 0 . 044  
S i g .  N S  N S  N S  N S  * 

Met  

MS 0 . 0 8 2  0 . 027  0 . 0 1 4  0 . 00 1  0 . 004 0 . 0 1 1 
S i  g .  * NS  NS  NS  NS  

Phe  

MS 0 . 1 42 0 . 64 1  0 . 0 1 4  0 . 027 0 . 394  0 . 0 5 3  
Sig .  N S  ** NS  NS * 

Th r 

MS  0 . 2 02 1 .  684 0 . 347  0 . 007  0 . 1 44 0 . 1 4 8 
S i g .  N S  ** NS  NS  NS  

V al 

MS 0 . 8 1 3  0 . 0 1 7  0 . 005  0 . 01 2  0 . 09 1  0 . 04 4  
Si  g .  ** NS NS  NS  NS  

Ala  

MS  o .  6 5 1  7 . 1 04 0 . 00 5  0 .  24 5 0 . 5 1 7  0 . 09 6  
Sig .  * ** NS  NS * 

� 
MS 0 . 3 5 1  8 . 376  0 . 1 80 0 . 027  0 . 3 3 6  0 . 2 6 1  
S i g .  N S  ** NS  NS NS 

Glu  

MS  0 . 3 1 7  50 . 6 1 6  0 . 027  0 . 1 3 6 0 . 5 1 7 0 . 2 2 8  
S i  g .  N S  ** NS  NS NS 
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� Tr tmt . M e t . T x M Ans . Err . 

lli 
MS  0 . 046  7 .; 835  0 . 094 0 . 0 1 1 1 . 732  0 . 1 99 
S i  g .  N S  ** NS NS * 

Pro  

MS  0 . 5 98 1 2 . 494 1 . 1 25  0 . 0 1 2  1 . 94 1  0 . 1 69 
S i g .  N S  ** * NS ** 

Ser  

MS  0 . 202 0 . 096  0 . 1 42 0 . 069 0 . 03 7  0 . 0 0 8  
S i  g .  ** ** "** * NS 

TFo s ine 

�lS 0 . 602 0 . 204 0 . 1 09 0 . 26 1  0 . 1 2 1 0 . 1 3 7 
Si  g .  NS  N S  NS  NS  NS 

� Dr'l intake  d i9es t e d  in  inte s tines  

MS  4 5 . 59  23 . 53 8 5 . 83 2 1 6 . 25 4 64 . 8 5 6 . 8 
S i g . N S  N S  N S  NS * 

� m� intc;ke  d igested  in inte s tine s 

MS 36 . 7 5 64 . 1 5  8 3 . 20 79 . 75 7 83 . 65 1 9 . 8 5 
Si  g .  NS  N S  N S  N S  "** 

� e n e rg:t intake  dioested  in  inte s tines  

MS  22 . 9 3 55 . 89 284 . 78 73 . 62 2 69 . 39 60 . 6 1 
Si  g .  �J S N S  N S  NS NS 

� N intake  d io ested  in intes tine s 

MS  1 1 7 . 4 2  463 . 75  7 0 . 4 7 1 63 . 3 1 544 . 22  340 . 70 
S i g .  N S  N S  N S  NS NS 

� duodenal  N d ige s t ed i n  intestines  

MS  1 5 . 40 78 . 50 5 8 . 64 54 . 69 8 9 . 4 5  28 . 7 7 
S i  g .  N S  N S  NS NS NS 

Aeea rent d ige s t i b i l i  t:t o f  OM 

MS 0 . 620 24 . 7 1 2 9 . 680 2 . 565  2 . 007  5 . 3 6 2  
Sig . NS  N S  N S  NS NS 

Aeea rent  d ige s ti b i l it:t of  O M  

MS  3 . 407 23 . 9 24 3. 309 0 . 2 1 1 0 . 09 1  2 . 037  
Sig .  N S  ** N S  NS NS 

Aeea rent d ige s tibilit:t of  e nergt 

�15 2 . 0 8 1 4 . 39 1 0 . 89 2 . 44 o .  77 3 . 92 
Sig . NS  N S  N S  NS NS 
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� Trtmt . M et . T x M A n s . E r r . 

Aeearent  d i9e s t i b i l i t� of  N 

1"15 0 . 3 6 7  1 2 6 . 3 4 1 6 . 63 3 . 5 7 1 . 24 9 . 3 6 

Si  g .  N S  ** NS NS NS 

N b a l anc e 

MS 7 . 4 6  1 8 . 9 3 2 5 . 9 2 0 . 4 6  0 . 6 8 2 . 6 7 

S ig . NS  * ** NS NS 

Met  avai l ab l e  for  absoretion 

MS 0 . 5 3  4 . 0 1  2 2 . 9 8  0 . 0 6  0 . 4 0 0 . 1 9 

Sig . N S  ** ** NS NS 

� Me t in  t otal  duo denal A A  

MS 0 . 5 9 9  0 . 64 3 2 1 . 56 1 . 55 0 . 1 4  0 . 1 4  

Si g .  N S  NS ** ** NS 

Plas ma m e t  c onc ent r ation 

MS 1 4 7 . 8 3 1 0 . 4 5  1 5 2 1 . 68 1 0 . 3 8  9 1 . 9 3 20 . 4 0  

Sig . * NS ** NS NS 

Total  o l a s m a  amino ac id  conc entration  

MS  5 2 7 5 1 . 5 3  3 9 1 0 3 . 6 9 1 1 44 94 7 . 3 6  1 5 9 9 6 . 7 7  8 9 4 7 8 . 8 0  2 5 9 68 . 5 1  

S i  g .  N S  N S  ** NS NS 

� me t in total elasma  amino ac ids  

MS  0 . 8 6 2 0 . 1 24 9 . 9 7 6  0 . 04 1  0 . 64 4  0 . 1 0 9 

Si g .  * NS ** NS * 

� individ ual a11ino acids in total  elasma  am ino  acids  

Taur ine 

MS 3 . 6 8 3 . 0 0 2 0 . 8 9  5 . 6 2  3 . 2 9 1 . 4 5  

S i  g .  N S  NS ** NS NS 

Th r 

MS 0 . 7 3 5 . 4 8 1 6 . 4 4  0 . 7 6  0 . 1 7  0 . 2 5 

S i  g .  N S  ** ** NS NS 

Ser  

MS 4 . 7 5 1 . 1 8  2 1 . 7 8 2 . 7 7 2 . 8 9 0 . 3 8 

S i g .  ** NS ** * * 

Pro  

�1 5 0 . 6 6 3 2 . 4 9 0 . 1 6  1 .  64 0 . 3 7  0 . 7 5 

Si g .  N S  ** NS NS  NS 

Glu  

MS  7 . 7 2 4 . 04 1 7 . 8 0 3 . 4 7 1 1 . 4 9 9 . 4 9 

S i  g .  N S  NS  NS NS NS 
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R ep. Trtm t .  Met . T x M Ans . E r r .  ---

Citrulline 

MS  1 . 3 4  0 . 3 7 2 1 . 34 0 . 44 6 . 2 5 0 . 9 2 
S i  g .  N S  NS ** NS  * 

G lv  

M S  2 5 . 2 0  2 0 1 . 7 1  2 7 3 . 00 9 . 00 4 9 . 3 5 1 3 . 60 
S i  g .  NS  ** ** NS  NS  

Ala  

MS  1 3 . 1 7  7 . 22 1 8 . 6 1 3 . 4 7 5 . 4 7 1 .  56  
Si g .  * NS * NS  NS  

V al 

MS  0 . 4 8  2 9 . 2 7 8 . 8 2 0 . 8 5 2 . 29 0 . 50 
S i g .  NS ** ** NS  N S  

� 
MS  1 . 3 7  0 . 0 6 0 . 84 0 . 64 0 . 1 2  0 . 0 6 
S i g .  ** NS ** * NS  

C;ts tath ionine  

MS  0 . 09 0 . 0 2 0 . 9 7 o .  01  0 . 04 0 . 0 1 
S i  g .  N S  NS ** NS  NS  

I l e  

MS 0 . 50 0 . 63 0 . 0 3 0 . 04 0 . 3 0 0 . 03 
Sig .  ** ** NS  NS  ** 

Leu  

MS  0 . 4 0 3 . 9 1 3 . 2 9 o . o s 1 • 0 1  0 . 04 
S i g .  ** ** ** NS  ** 

l.:iE. 
MS  0 . 50 3 . 62 5 . 2 3 0 . 1 2  0 . 76 0 . 29 
S i  g .  N S  ** ** NS  NS  

Phe  

M S  0 . 1 3  0 . 6 6 4 . 8 1 0 . 1 0  0 . 0 7 0 . 1 7  
S i  g .  NS  NS ** NS NS 

Urinar;t-N 

MS 1 .  74 2 8 . 3 6 1 1 . 6 8 2 . 79 3 . 4 7 0 . 78 
S ig .  N S  ** ** NS  NS  

P lasma urea c onc en t ration 

MS 4 . 84 2 3 . 22 2 . 8 3 0 . 2 8 7 . 00 5 . 29 
S i  g.  NS NS  NS  NS  NS  
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APPEND I X  3 

S A  o f  plasma me thionine  - Expt . 1 

A .  Untr e a ted 

R ep. 1 R ep. 2 Rep.  

Time �h ) : 0 0 0 0 

o . o s  4 p 093  1 , Cl 1 7 441 

0 . 2 5  9 , 799 

0 , 5 0  4 , 1 68 3 p 0 8 7  

1 1 5 , 668 7 , 373  5 ,  4 5 1  

1 .  5 1 4 , 455  6 , 0 8 0  

2 1 4 , 230 8 , 90 3  

2 . 5  1 7 '  433 I 9 , 51 6  

3 1 6 , 79 2  9 , 8 77  

3 . 5 1 4 , 0 1 3  7 , 852  6 , 2 2 7  

4 1 4 , 651  1 1 , 466  6 , 5 9 8  

5 

6 1 0 , 0 77  6 , 7 5 2  

7 7 '  543 7 , 6 1 3  9 , 1 9 7 

8 9 , 967  8 , 7 5 5  

9 1 1 , 1 3 2 9 , 3 7 3  

1 0  1 1  ' 93 8  1 2 , 3 3 5  

1 1  1 6 , 3 1 0  8 , 7 1 8  

1 2  1 6  t 545 7 , 2 8 1  

Pl3teau  v al u e  ( dpm/1-1mol e ) 1 5 p 9 57 1 1 , 1 64 8 , 66 5  

I n f���� r�ta ( dpm/h ) 

J�;p=��� cons t ant  ( h 
- 1 ) 

6 , 89 9 , 040 6 , 0 68 , 040  4 , 755 , 240 

1 . 1 4 

The turnover const ant  for  R e p .  1 was n o t  c alculated , 
owing to the l ow c orrelation  c oefficient  ( 0 . 54 ) . 

0 . 8 5  

3 



B.  Treate d  

Time {h ) � 0 

o . o a 

0 . 25 

0 . 5  

1 

1 . 5 

2 

2 . 5  

3 

3 . 5  

4 

5 

6 

7 

8 

9 

1 0  

1 1  

1 2  

1 4  

1 8  

1 9  

2 0  

2 2  

2 4  

Plat e au v a l ue ( dpm/!Jmole ) 

I nfus ion r ate ( d pm/h )  
ko.fe -1 f.t:to;:�QUQo;: c o nstant (h ) 

Re  e. 1 

0 

6 , 1 47 

7 , 348 

9 , 3 30 

1 3 , 443 

1 0 , 255  

1 6 , 4 79 

1 6 , 520  

1 8 , 0 08 

1 1 , 6 1 3  

1 0 , 283 

1 1 , 764 

1 4 , 3 0 3  

1 0 , 884  

1 1 , 9 58 

1 8 , 900 

1 2 , 7 56 

1 4 , 206  

1 9 , 3 27 

1 1 , 7 69 

6 , 2 0 6 , 1 1 0  

0 . 84 

1 40 

Ree. 2 R e  e. 3 

0 0 

848 ·j 6 •j . 
4 , 204 1 , 2 1 9  

5 , 890  2 , 1 1 2  

6 , 6 1 7 3 , 759 

7 , 665  

9 , 2 8 6  

1 1 , 0 71  6 , 797 

4 , 240 

6 , 08 1  

7 , 9 2 8  

6 , 676 

7 , 92 1  

7 , 679  9 , 223  

6 , 4 59 

6 , 9 8 7  

6 , 59 1  

7 , 789 

8 , 562  

7 , 845  7 , 09 2  

5 , 230 , 500 5 , 1 27 , 390  

2 . 74 0 . 77 



C.: o  

Time 

Untreated + met 

{h ) : 0 
n n n  u . u o 

0 . 2 5  

0 . 5  

1 

1 . 5 

2 

2 . 5  

3 

3 . 5  

4 

5 

6 

7 

8 

9 

1 0  

1 1  

1 2  

Plateau value ( dpm/1-Jmole ) 

Re e. 1 

0 

4 , 540 

9 , 1 59 

1 1 , 1 05 

1 0 , 31 7  

1 0 , 280  

1 1  ' 72 5  

1 0 , 4 5 1  

1 1  ' 4  7 1  

1 1 , 80 0  

1 1 , 99 9  

9 , 5 1 4  

9 , 1 79 

1 0 , 79 3  

1 4 1 

Ree. 2 Re e. 3 

0 0 

332  7 7 7  
1 ,  537  

4 , 1 4 1 

4 , 523 

5 , 1 87 3 , 88 6  

5 , 260 4 , 594 

6 , 653 4 '  1 40 

3 , 1 42 

4 , 422  

1 0 , 294 

6 ,  664 5 , 378  

5 ,  784' 

7 , �82  6 , 80 1  

6 , 058 6 , 1 25 

9 , 1 88 4 , 996 

5 , 5 2 1  

6 , 021  3 , 79 7  

6 ,  527 5 , 43 6  

Infusion  rate ( dpm/h ) 7 , 354 , 750  5 , 6 1 4 , 620 4 , 309 , 440  
RG;:te ��PASY9� c ons tant ( h-1 ) 0 . 79  

The turnover cons tant for  Rep.  1 was not calculated , 

owing to the limited number  of d ata available . 

0 . 8 2  



A P P E ND I X  4 

1 4 2 

P l asma amino  acid  concentrations  ( as a % of total plasma amino acids ) 

after  1 d a y  of  methionine infus ion  - Expt . 2 

C o ntro l + Protein  + Enerqy 

Taurine  Tr .  Tr . Tr . 

Thr 2 . 8  4 . 4  2 . 5  

Ser  6 . 3 6 . 4  6 . 1 

P ro  3 . 3  5 o 4  3 . 4  

G l u  4 . 9  5 . 4  4 . 4  

Citrulline  5 . 3  5 . 6  5 . 3  

G l y  49 . 4  36 . 7  5 1 . 7  

A l a  1 0 . 1  9 . 6  9 . 6  

V al 5 . 3  8 . 9  5 . 5 

C ystath ionine 0 . 5  Tr � Tr . 

fl1e t  1 . 8 2 . 1  1 .  7 

I l e  2 . 4  3 . 4  2 . 6 

L eu 3 . 2  5 . 0  2 . 7  

Tyr  2 . 8  4 . 5  2 . 7 

P h e  2 . 0  2 . 6  1 . 7  

Total ( fJmole/1 ) 1 449 1 424 1 9 5 7  
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