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ABSTRACT

To r e la te  body w eigh t and  feed  in tak e  to  the  d ig e s tib ili ty  of d ry  

m a tte r  and  g ro s s  e n e rg y  two ex p o n en tia l and  one l in e a r  r e g r e s s io n  

m o d e l w e re  em ployed,, P r e l im in a r y  s tu d ie s  w ith  th e s e  m o d els  w e re  

c a r r i e d  out on a  70 p e r  cen t c o n c e n tra te  r a t io n  fo r  la te r  a n a ly se s  on a  

77 p e r  c e n t znilo, 8 6  p e r  c e n t b a r le y 8 and a l l  a lfa lfa  r a t io n s e 

D ig e s tib ili t ie s  fo r  m ilo  and a lfa lfa  show ed a  d ec lin e  w ith  in c re a s e d  

in ta k e  le v e ls e B a r le y  r e s u l t s  in d ic a te  in c r e a s e d  d ig e s t ib i l i t ie s  a t 

h ig h e r  le v e ls  of in tak e  w hich  i s  a t tr ib u te d  to  a bu ildup  in  m ic ro b ia l  

t i s s u e  to  be r e g a rd e d  as  a  type  of f e c a l  m e ta b o lic  e n e rg y . O rth o g o n a l 

p o ly n o m in a ls  a r e  a  p o s s ib le  a l te rn a tiv e  to  th e  m o d els  em p lo y ed , bu t 

the  d iff ic u ltie s  in  d e riv in g  a  s e t  of o r th o g o n a l c o e ffic ien ts  p re c lu d e d  

th e i r  u se  in  th e se  s tu d ie s . Due to  th e  m ag n itu d e  of th e  r e g re s s io n  

c o e ffic ie n ts  on th e  m o d e ls  s tu d ied  in  th e  f in a l a n a ly s e s , l im ita tio n s  as  

to  th e  w eigh t ra n g e s  of c a tt le  u se d  in  d ig e s tio n  t r i a l s  a r e  in d ic a te d , A 

h igh  d e g re e  of c o r re la t io n  ( r^  ^  =93) b e tw een  d ry  m a t te r  and g ro s s  

en e rg y  d ig e s tib il i t ie s  w e re  found.



INTRODUCTION

Due to in c re a s e d  c o s ts  in  the  c o m m e rc ia l  feed lo t, feed lo t 

o p e ra to rs  a r e  in te re s te d  in  im p ro v in g  the  e ffic ien cy  of c a tt le  on 

feed . The u n d ig es ted  en e rg y  in  the fe c e s  of s te e r s  r e p r e s e n ts  the 

m a jo r  e n e rg y  lo s s  of the feed  th a t the s te e r  c o n su m e s . Thus one of 

the  a p p ro a c h e s  to im p ro v e d  e ffic ien cy  is  to b e t te r  the d ig e s tib ili ty  

of the  ra t io n s  u se d  in  the  feed lo t. H o w ev er, the fa c to rs  re sp o n s ib le  

fo r the low d ig e s tib il i ty  of ra tio n s  in  ru m in a n ts  a re  no t fu lly  u n d e r­

stood .

D ig estio n  t r i a l s  h a v e , h is to r ic a l ly ,  b een  conducted  to d e te rm in e  

the  u se fu ln e ss  of the feed stu ff  to the a n im a l. In te re s tin g  o b se rv a tio n s  

re s u lt in g  f ro m  th e se  t r i a l s  a r e 1 th a t a s  w eigh t in c re a s e s  feed  in take  

in c r e a s e s ,  and as  in tak e  in c r e a s e s  d ig e s tib ility  of the ra t io n  d e c lin e s . 

T h e se  o b se rv a tio n s  have  given r i s e  to the follow ing q u es tio n s  c o n c e rn ­

ing  the v a lid ity  of s ta n d a rd  d ig estio n  t r i a l  tech n iq u es : (i) If  d ig e s ti­

b ili ty  d e c re a s e s  w ith  an in c r e a s e d  in tak e  does the  fe ed s tu ff  u n d er study  

have a  s in g le  m ean  d ig e s tio n  c o e ff ic ie n t?  (ii) Is  th e re  a  fam ily  of 

d ig estio n  co e ffic ien ts  th a t p e r ta in  to the  d ig e s tib ili ty  of the ra t io n , i. e . , 

one f o r  each  w eigh t ra n g e  th ro u g h  w hich  the  c a ttle  p a s s  in  th e  

fa tten in g  p ro c e s s  ?



T h is  s tudy  w as ex ec u ted  to s e c u re  a n sw e rs  to th e se  q u es tio n s  and 

to  d e te rm in e  the  re la t io n s h ip s  be tw een  d ry  m a t te r  d ig e s tib il i ty , g ro ss  

e n e rg y  d ig e s tib il i ty , feed  in ta k e , a c tu a l w eigh t, and m e tab o lic  body 

s iz e .  In  ad d itio n  the  in v e s tig a tio n  p e r ta in e d  to m ilo , b a r le y ,  a co m b in a­

tio n  of m ilo  and b a r le y , and an  a lfa lfa  ra tio n . A lso  so u g h t w e re  the  

fo llow ing o b je c tiv e s :

1. D e te rm in a tio n  of the  e ffe c t of feed  in tak e  (a d ju s te d  fo r  w eight) on th e  

d ig e s tib ili ty  of d ry  m a tte r  o r  g ro s s  en e rg y ,

2. M e a su re m e n t of th e  v a lid ity  of a s in g le  d ig es tio n  co e ffic ien t fo r  

each  r a t io n ,  o r  i ts  re p la c e m e n t by a  fam ily  of d ig es tio n  c o e ff ic ie n ts , 

one fo r  each  w eigh t ra n g e , o r  an in tak e  le v e l.

3. E v a lu a tio n  of the  d e c re a s e  o r  in c r e a s e  in  d ig e s tib ili ty  w ith an 

in c r e a s e  in  feed  in ta k e . Is  the in c re a s e  o r  d e c re a s e  s tr ic t ly  

l in e a r ,  o r  a r e  th e re  d ev ia tio n s  th a t m ay  n e c e s s i ta te  ch an g es  in  th e  

m eth o d  o f conducting  d ig estio n  t r i a l s  ?

4 . A s s e s s m e n t of the  re la t io n s h ip  be tw een  d ry  m a t te r  d ig e s tib ili ty  

and  g ro s s  en e rg y  d ig e s tib ili ty  and if  e x is ta n t the  m ag n itu d e  of the 

re la t io n s h ip  as  in d ic a te d  by  the  r e g re s s io n  a n a ly s is .



LITER A TU R E REVIEW

R e s e a rc h  conducted  in  th e  a r e a  of d ig e s tio n  co e ffic ien ts  as  

r e la te d  to  w eigh t and  feed  in tak e , h as  fo r  the  m o st p a r t  b e e n  lim ite d  

to the follow ing p a ir s  of v a r ia b le s :  in tak e  and w eig h t, d ig e s tib ili ty  and 

in ta k e , and d ig e s tib ili ty  and w eigh t,

B la x te r ,  G rah am , and W ainm an $3) p ro p o se d  th a t re g u la tio n  of 

feed  in tak e  is  p u re ly  one of d ig e s tiv e  t r a c t  d is te n tio n , w hich is  a  

function  of d ig e s tib ili ty  of the  feed  and i ts  r a te  of p a s s a g e , and the 

am ount of food re s id u e s  p re s e n t  in  th e i r  d ig e s tiv e  t r a c t s .  T h ese  

s tu d ie s  w e re  p e r fo rm e d  w ith  sheep  on roughage  r a t io n s ,

G rah am  (13) in  a  l a te r  p a p e r ,  w o rk in g  w ith  sh ee p , s ta te d  th a t 

w hen the  le v e l of feed ing  is  d e c re a s e d  the  m e ta b o liz a b ility  of the g ro ss  

en e rg y  changes only s lig h tly . He a lso  in d ica ted  th a t d is te n s ib il i ty  of 

the  ru m e n  is  u n lik e ly  to  e x e r t  any in flu en ce  on ap p e tite  fo r  c o n c e n tra te d  

r a t io n s .

In  a  s tudy  of s te e r s  on ro u ghage  ra tio n s  and re la tio n s  be tw een  

d ig e s tib ili ty  and lig n in  co n ten t w ith a l ig n in - ra t io  tech n iq u e , F o rb e s  

and G a r r ig u s  (11) found th a t d ry  m a tte r  d ig e s tib ili ty  and  to ta l d ig e s tib le  

n u tr ie n t  co n ten t of the  fo ra g e s  s tu d ied  v a r ie d  in v e rs e ly  w ith  the  lig n in  

co n ten t of the fo ra g e .



B la x te r  |4 )  p ro p o se d  th a t in  o rd e r  to eq u a te  fo r  d if fe re n c e s  in  body 

s iz e ,  feed  in tak e  m u s t be r e la te d  to body w eigh t o r a  function  of body 

w eigh t. W ith th is  re la tio n s h ip  he found th a t in tak e  in c re a se d  as  w eigh t 

in c re a s e d .

G a r r e t t ,  M ey er, and L o fg reen  (12) in d ica te  th a t th e  u se  of 

d ig e s tib le  en e rg y  (g ro s s  en e rg y  d ig estib ility ) fo r  p r a c t ic a l  p u rp o se s  is  

the  e a s ie s t  and m o s t a c c u ra te  m ethod  of a s s e s s in g  the  e n e rg y  value  

of a fe ed s tu ff .

L loyd , P e c k a m , and  C ram p  ton  (20) s ta te  th a t w ith  sh eep  on a ll 

roughage  r a t io n s ,  l i t t le  in c r e a s e  in  p re c is io n  in  d ig e s tio n  coeffic ien ts 

r e s u l te d  even w hen the  p re l im in a ry  feed ing  (ad ap ta tio n ) p e r io d  w as 

ex tended  to 6 0  d a y s , and th a t fo r p r a c t ic a l  p u rp o se s  w ith  sh eep  1 0  days 

w ould e lim in a te  p re v io u s  tr e a tm e n t  e ffe c ts ,

B la x te r  (1) found th a t in  sh eep  on roughage  ra tio n s  so m e ra tio n s  

show a s ta t i s t ic a l ly  s ig n if ic a n t d ec lin e  in  d ig e s tib ili ty  w ith in c re a s in g  

le v e ls  of in ta k e . Below the po in t of en e rg y  e q u ilib riu m  (m a in ten an ce ) 

c u rv a tu re  is  g re a te s t ;  above en e rg y  e q u ilib r iu m  the  r e la t io n  is  a lm o s t 

l in e a r .

W ork w ith  m o n o g a s tr ic  s p e c ie s  in d ic a te s  th a t food consum ption  is  

d e te rm in e d  by the en e rg y  con ten t of the ra t io n . B olton  (5 , 6 ) show ed 

th a t w ith  p o u ltry  th e  in tak e  of d ig e s tib le  food n u tr ie n ts  by p u lle ts  and 

by lay in g  h en s  is  the sam e  w h e th e r h igh  o r  low en e rg y  d ie ts  a r e  fed , 

w hich in d ic a te s  th a t b i r d 's  in tak e  w as l im ite d  by en e rg y  co n ten t of the



ra t io n . M ayer (21) d e m o n s tra te d  th a t r a t s  w ill in c r e a s e  th e i r  food in tak e  

w hen the  c o n c e n tra tio n  of th e  d ie t is  re d u c e d  in  o rd e r  to  m a in ta in  c o n s ­

ta n t en e rg y  in ta k e . K ennedy (17) show ed the  c lo se  re la t io n s h ip  b e tw een  

en e rg y  re q u ire m e n t and v o lu n ta ry  in tak e  of the n o rm a l la c ta tin g  r a t .  

C ra se m e n  (10) w ork ing  w ith  ra b b its  and p igs s ta te d  th a t the  s a tie ty  of 

n u tr ie n ts  and  en e rg y  co n ten t of the  n u tr ie n ts  is  m o re  im p o rta n t a s  a  

fa c to ry  in  feed  in tak e  th an  b a l la s t .

C ram p to n  ( 8 ) in d ic a te s  th a t v o lu n ta ry  in tak e  is  the  s in g le  m o s t 

a c c u ra te  e s t im a to r  of fo ra g e  q u a lity , and  av a ilab le  en e rg y  is  the  lim itin g  

fa c to r  in  the n u tr it iv e  v a lu e  of fo ra g e .

C ram p to n , L i s t e r ,  and L loyd (9) in  an e ffo rt to d e te rm in e  the  u s e ­

fu ln e ss  of v o lu n ta ry  in tak e  in ev a lu a tin g  fo ra g e s  fed  sh eep  five fo ra g e s  

ad  l ib itu m . They found th a t v o lu n ta ry  fo ra g e  in tak e  w as a  m o re  p r e c is e  

c r i te r io n  of fo ra g e  feed in g  v a lue  th an  e i th e r  to ta l  d ig e s tib le  n u tr ie n ts  o r  

c ru d e  f ib e r  co n ten t of the  fo ra g e .

W alk er (28) w ork ing  w ith  w e th e rs  and study ing  the  d ig e s tib ility  of 

oat hay found th a t d ig e s tib ili ty  d e c re a s e d  to w ard  the  end of the s tudy .

S aba, e t a l (24) s tu d ie d  s te e r s  on h igh  g ra in  ra t io n s :  77 p e r  cen t 

m ilo  w ith  11 and 14 p e r  cen t p ro te in  le v e ls ,  85 p e r  cen t b a r le y  w ith  1 1  

p e r  cen t p ro te in , and 76 p e r  cen t b a r le y  p lus 9 p e r  cen t soybean  m e a l 

to  p ro v id e  14 p e r  cen t p ro te in  to the ra tio n . R e su lts  of th is  study  

show ed the  d ig e s tib ili ty  of d ry  m a t te r ,  c ru d e  p ro te in , n itro g e n  f re e



e x tr a c t ,  s ta r c h ,  and  g ro s s  en e rg y  w e re  s ig n if ic an tly  h ig h e r  in  the b a r le y  

ra t io n s  th an  in  the  m ilo  ra tio n s  s tu d ied ,

B la x te r  (2) w ork ing  w ith  ro u ghage  ra tio n s  in  sheep  s ta te s  th a t 

e n e rg y  re te n tio n  w as r e la te d  to  food in tak e  a t bo th  s u b ” m ain ten an ce  and 

s u p e r-m a in te n a n c e  le v e ls  of in tak e  and  th a t the  re s u l ta n t  c u rv e s .w e re  

ex p o n en tia l, w hich he a ttr ib u te d  to: (i) the  d ec lin e  in  d ig e s tib ili ty  w ith  

in c re a s e d  in ta k e , and (ii) the  fa c t th a t food is  u sed  m o re  e ffic ien tly  

in  s p a r in g  the  o x id a tio n  of body fa t than  i t  is  in  p ro m o tin g  i ts  sy n th e s is .  

As the p r e s e n t  s tudy  w as in  i ts  f in a l s ta g e s , an  e x c e lle n t rev iew  

p e r ta in in g  to  d e p re s s io n  of d ig e s tib ility  a t m u ltip le s  of m a in ten an ce  

b e ca m e  a v a ila b le . The rev iew  of B row n (7) in d ic a te d  d e p re s s io n  of 

d ig e s tib ili ty  of d ry  m a tte r  o c c u r re d  a t in c re a s in g  m u ltip le s  of m a in te n ­

an ce , S tu d ies  c ite d  w e re  re la te d  to roughage  q u a lity , in  a ll roughage 

ra tio n s  and  g ra in -ro u g h a g e  r a t io n s .  No r e fe r e n c e s  w e re  m ade to low 

c ru d e  f ib e r  ra tio n s  su ch  as th o se  u se d  in  the  p re s e n t  study .



SUMMARY OF LITER A TU R E REVIEW

C o n sid e ra b le  w ork  h a s  b een  done w ith  v a ry in g  p a i r s  of th e  v a r i ­

a b le s  em ployed  in  th is  study: d ry  m a tte r  d ig e s tib ili ty  and in ta k e , 

e n e rg y  in tak e  and en e rg y  re te n tio n , in tak e  and w eig h t, and  w eigh t and 

d ig e s tib ili ty . H ow ever, no w ork  a p p e a rs  to  have b een  conducted  w ith  

h igh  c o n c e n tra te , low c ru d e  f ib e r  r a t io n s ,  p a r t ic u la r ly  m ilo  and b a r le y . 

A lthough so m e  w o rk  w ith  th e  above p a ir s  h as  b een  p u rsu e d  w ith  ro u g h ag e  

ra tio n s  and  so m e m ixed  r a t io n s ,  none is  ex ac tly  ap p licab le  to th is  s tu d y . 

G e n e ra l in d ic a tio n s  a r e  th a t d ig e s tib ili ty  of d ry  m a tte r  and  g ro s s  en e rg y  

^ d ig estib le  en erg y ) can  be ex p ec ted  to d ec lin e  as  h ig h e r  le v e ls  of in tak e  

o r  w eigh t a r e  a tta in e d .
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EX PER IM EN T A L PRO CED U RE AND RESULTS

The d a ta  u til iz e d  in  th is  s tudy  w e re  m ade a v a ilab le  fo r  the  a n a ly ­

se s  f ro m  fo u r s e p a ra te  d ig es tio n  s tu d ie s  ru n  a t the  U n iv e rs ity  of A riz o n a  

w ith in  the p a s t  two y e a r s .  The d a ta  in c lu d e  s tu d ie s  on f a t -m in e r a l  

ad d itio n  f2 7 )s m ilo  (16), b a r le y  (22), an d  a lfa lfa  (19) r a t io n s .  A ll 

ra t io n s  a r e  f ro m  U n iv e rs ity  of A riz o n a  M a s te r  of S c ien ce  T h e se s ,

The fo u r d ig e s tio n  t r i a l s  have b een  ex am in ed  to  d e te rm in e  if  

th e re  is  a re la t io n s h ip  b e tw een  d ry  m a t te r  d ig e s tib ili ty , g ro ss  e n e rg y  

d ig e s tib il i ty , feed  in ta k e , a c tu a l w eig h t, and m e tab o lic  body s iz e .

In it ia l  ex am in a tio n s  w e re  p e r fo rm e d  on n in e te en  high  c o n c e n tra te  m ilo  

and b a r le y  ra tio n s  and th re e  h igh  ro u ghage  r a t io n s .  The in i t ia l  s tu d ie s  

w e re  c a r r i e d  out on a  g ra in  sp e c ie s  b a s is  of th e  ra t io n ,  how ever due to  

la rg e  n u m b ers  of m is s in g  o b se rv a tio n s  in  the c o lle c tio n  of ra tio n s  

s tu d ied  a f a t -m in e r a l  s tudy  w as u se d  a s  a  p re l im in a ry  s tudy  in  f ittin g  

a  m o d el fo r  the  f in a l ex am in a tio n  of m ilo , b a r le y ,  and  a lfa lfa  r a t io n s .  

E x p e r im e n ta l ra t io n s  a r e  l i s te d  in  T ab le  1. The f a t -m in e r a l  

s tudy  w as a 2  x  2  f a c to r ia l  desig n  invo lv ing  ta llo w , no ta llo w , added 

m in e ra l ,  and no added  m in e ra l  (27), T h is  s tudy  p ro v id e d  35 s te e r s  fo r  

the  a n a ly s e s . The b a r le y  t r i a l  w as a  s im p le  r e v e r s a l  d es ig n  involv ing  

d ry  ro lle d  and s te a m  p ro c e s s e d  b a r le y ,  and  c o n tr ib u te d  24 s te e r s  to the  

f in a l a n a ly se s  (22), The m ilo  s tudy  (16) w as a 4 x  4 la tin  sq u a re



T able 1, E x p e rim e n ta l R ations

FA T M INERAL STUDY* • BARLEY* ' MILO* A LFA LFA
No Tallow  

No M in era l M in era l
Tallow  

No M in era l M in era l D R S P D R
R olled

SP
Cut 
S P

Soaked
Cut

B a rle y
3 3a 0 0 a 33 ,00 32 ,00 3 1 .0 0 85 .60 85 .60

Milo
3 3 , 0 0 ^ 33 ,00 31 .00 31 .00 - - 77. 10 78. 70 78 .70 81 .89

C S M eal
6 , 0 0 6 , 0 0 6 . 0 6 , 0 0

A lfalfa
1 0 , 0 0 ° 1 0 , 0 0 1 0 . 0 0 1 0 . 0 0 _ _ _ _ IOC

C S H ulls OoO

1 0 , 0 0 1 0 . 0 0 1 0 . 0 0 7 .0 0 7 .0 0 15.00 13,95 13.95 1 1 . 8 6

M o lasses
6 ,8 0 6 , 0 0 ,6 .70 6 . 0 0 5 .0 0 5 .0 0 5 .0 0 4 .6 5 4 .6 5 3 .9 5

U rea
, 50 ,5 0 . 6 0 . 6 0 .6 0 . 6 0 1 . 1 0 1 . 0 2 1 . 0 2 ,8 7 •=»

S alt and TM 
,5 0 ,5 0 .5 0 .5 0

.5 0

.0 5
.5 0
.0 5

.5 0

.0 5
. .46 
,0 5

.46
.0 5

.4 0
,.',.,.0.4,. ;. -

Di Gal
1 , 0 0 1 . 0 0 - ** -** -

T r i  C al
_ .7 5 .7 5 .7 5 .7 0 .7 0 .5 9  ,

L im esto n e
, 2 0 . 2 0 - .5 0 .5 0 .5 0 .4 6 .4 6 .4 0 -

Tallow
4 .0 4 ,0 _ _ _

Cr." F ib re
14/68 13, 69 14. 89 14. 17 8 .4 0 7 .7 5 9 . 6 6 8 .1 9 9» 13 8 .7 5 38

* 10 gm s V it A- 1 0 -P  ad d ed /cw t. feed  a  = B a rle y  in  F a t M in era l Study was S team
b = Milo in  F a t  M in era l Study w as D ry R olled  R olled
c = A lfa lfa  in F a t  M in era l Studv w as eround " d = A cid d e te rg en t c rude  f ib re  d e te rm in aH n n ’
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r e p lic a te d  th ree  t im e s .  The ra tio n s em ployed in  the m ilo  study w ere  

dry r o lle d , s te a m  p r o c e s s e d  r o lle d , s tea m  p r o c e s s e d  cu t, and soaked  

cut m ilo  r a t io n s , and p rov id ed  48 s t e e r s  to  the a n a ly s e s . The a lfa lfa  

data is  one h a lf of a roughage study in vo lv in g  24 s t e e r s ,  of w hich  the 

f ir s t  p h ase  is  in clu d ed  in  the p r e se n t a n a ly s is . The a lfa lfa  ration  w as  

1 0 0  per cen t long h ay , and w as in clu d ed  to p rovid e a b a s is  for  c o m p a r i­

son  w ith the oth er ra tio n s .

Throughout th is  rep o rt the v a r ia b le s  stu d ied  w ill  be id en tified  as  

X j = dry m atter  d ig e s t ib il ity , X 2  = g r o ss  en erg y  d ig e s t ib il ity , X 3  = 

feed  in ta k e , X^ = actu a l w e ig h t, and X^ = m eta b o lic  body s iz e .

The p ro ced u re  em p loyed  in conducting the d ig e stio n  tr ia ls  on 

s te e r s  is  defin ed  by Saba (23). D ig estio n  c o e ff ic ie n ts  for  dry m atter  

(X j) and g r o s s  en erg y  (X^) r e p r e se n t  apparent d ig e s t ib ility  of the two 

ration  fr a c tio n s .

F eed  intake (X^) is  90 p er  cen t of ad lib itu m  intake fo r  the p r e c e d ­

ing adaptation p e r io d , and r e p r e se n ts  an a v era g e  of ac tu a l d a ily  feed  

intake during the c o lle c t io n  p e r io d , in k ilo g r a m s . The 90 per cent 

le v e l  o f intake w as u sed  to e s ta b lish  s te a d y -s ta te  flow  of f e c e s  during  

the c o lle c t io n  p er io d  (3 ).

W eights u t iliz ed  w e re  ca lcu la ted  fro m  data obtained  at the o n se t  

of the adaptation p er io d  and the co n c lu s io n  of the c o lle c t io n  p er iod  for  

each  p h ase  of the e x p e r im e n ts . The w eigh ts r e p r e se n t ch an ges in  w eigh t  

o ccu rr in g  w ith in  ea ch  p ortion  of the d ig e stio n  t r ia l .  The actual
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w eigh t (X 4 ) i s ,  th e r e fo r e , the w eigh t o f the s te e r  as the c o lle c t io n  

p eriod  b eg a n , a r r iv e d  at by the a v e ra g e  d a ily  gain o v er  the adjustm ent 

p er io d  and c o lle c t io n  p er io d , m u ltip lied  by the num ber o f days b etw een  

the m o st rec e n t w eigh  date and the o n se t of the c o lle c t io n  p er io d , l e s s  f iv e  

per cen t sh r in k . The m eta b o lic  body s iz e  (X^) and the a ctu a l w eight (X 4 ) 

a re  both r ep re sen ted  in  k ilo g r a m s , w ith m eta b o lic  body s iz e  d er iv ed  by 

the fo llow in g  fo rm u la , acco rd in g  to K le ib er  (18):

(W eightk g e ) 3 ^ 4  D ]

E x p er im en ta l p r o c ed u r e , in  the m a in , c o n s is te d  o f a s e r ie s  of 

r e g r e s s io n  a n a ly se s  and w as c a r r ie d  out in  two p arts  by m ethods  

outlined  in  S te e l and T o rr ie  (26). P a r t I c o n s is te d  of d eterm in in g  a 

r e g r e s s io n  m od el for the data. P a r t II w as a te s t  of P a r t I and a c o m p a r i­

son  of the r e s u lt s  of the m ilo , b a r le y , and a lfa lfa  s tu d ie s .

P a r t I D eterm in a tio n  of R e g r e ss io n  M odels

In itia l s tu d ies  w e re  c a r r ie d  out on tw enty-tw o ra tio n s com bined  on 

the b a s is  of the gra in  s p e c ie s  content of the ra tion  and trea tm en t of the 

grain  em p lo y ed . The a n a ly s is  em ployed w as a m u lt ip le - s te p -w is e  

r e g r e s s io n . The four d ifferen t ty p es  o f ra tion s in clu ded  w e re  dry  

r o lle d  m ilo , dry r o lle d  b a r le y , s te a m  r o lle d  m ilo , and a m ix tu re  of 

s te a m  r o lle d  b a r ley  and dry r o lle d  m ilo . B la x te r ’s w ork  (1) su g g ested  

that c u r v ilin e a r  r e g r e s s io n s  m ight b e s t  f it  the data in  th is  stud y. The 

r e g r e s s io n  w as c a r r ie d  out u sin g  the fo llow in g  form u lae:
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X 1

It O' 0 + b jX g + 1>2 X 3 + b 3 X 3 + b 4 X 4 1--
1

X 2 = b 0 + b 1 X 3 + b 2 X 3 + b3X 3 + b4X 4 [ 3 ]

X ! e b o + b l X 3 + b 2X 3 + b 3 X 3 + b4X 5 [4]

X 2 = b 0
+ bjX ^ + b 2X 3 + b 3X 3 + b4X 5 [5]

E quation [2] r e p r e se n ts  dry m a tter  d ig e s t ib ility  (X j) r e g r e s s e d  on a 

cubic equation  of fe ed  intake (X^) w ith an added ad ju stm en t for  actu al 

w eight (X 4 ). E quation [3 ] i s  a r e g r e s s io n  of g r o ss  en erg y  d ig e s t ib i l i ty  

(X^) on a cub ic  equation  of feed  intake (X^) adjusted  fo r  a c tu a l w eight  

(X 4 ). E quations [4 ] and [5] r e se m b le  equations [2] and [3] , r e s p e c t iv e ly ,  

ex cep t that the w eigh t ad justm en t is  for m eta b o lic  body s iz e  (X^).

A lthough the data em p loyed  in  the in it ia l study did c o v er  a w ide  

range of w e ig h ts , both s e x e s ,  v a ry in g  com b in ation s of g ra in s  and 

ro u g h a g es , and v a ry in g  com b in ation s of gra in  tr e a tm e n ts , it  w as fe lt  

that the fa t -m in e r a l study w ould prove a m o re  va luab le  to o l in te r m s  of 

defin ing a m o d el w ith  w hich  to handle the s tu d ies  in P a r t II. The fa t-  

m in er a l study w as s e le c te d  for  it s  s i z e ,  h om ogen eity  of w eigh ts w ith in  

p e r io d s , and lack  of s ig n ifica n t trea tm en t e ffe c ts  for  the v a r ia b le s  under  

o b serv a tio n . A nother im p ortan t advantage that the fa t -m in e r a l study  

p o s s e s s e d  w as that it  con ta in ed  both m ilo  and b a r le y , and could  be 

ex p ected  to produ ce r e s u lt s ,  by v ir tu e  of the com bin ation  of the two  

g r a in s , that shou ld  be so m ew h ere  in  the v ic in ity  of the two independent 

g r a in -a n a ly se s  in  P a r t II. The fa t -m in e r a l study con ta in ed  36 s t e e r s ,  

but one w as rem oved  fro m  the tr ia l due to an a b s c e s s e d  liv e r  (27). In
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ev a lu a tio n  of th e  t r e a tm e n t  e ffec ts  in  th e  f a t -m in e r a l  s tu d y , i t  w as found 

th a t th e r e  w e re  no s ig n if ic a n t d iffe re n c e s  be tw een  t re a tm e n ts  fo r  e i th e r  

d ry  m a tte r  d ig e s tib ili ty  o r  g ro s s  e n e rg y  d ig e s tib il i ty , b u t th a t s ig n if ic a n t 

in c r e a s e s  d id  o c c u r  b e tw een  t r i a l  one and  t r i a l s  two and th re e  f27)0

The in i t i a l  m u ltip le  r e g re s s io n  a n a ly s is ,e q u a tio n s  [2] - [5], r e s u l ts  

a r e  p re s e n te d  in  T a b le s  2 and  3 fo r the  fa t m in e ra l  s tu d y . T h ese  

r e s u l ts  in d ic a te  th a t w eigh t w as the  m a jo r  s o u rc e  of v a r ia tio n  in  

r e g re s s io n  eq u a tio n s  em ployed . S ince the  r e g re s s io n  p ro g ra m  u ti l iz e d  

w as a  m u lt ip le -s te p -w is e  r e g re s s io n ,  v a r ia b le s  w e re  b ro u g h t in to  the  

r e g re s s io n  a n a ly s is  in  th e  o rd e r  of th e i r  im p o rta n c e . In  a l l  fo u r 

r e g re s s io n s  the w eigh t t e r m s  fe ith e r  a c tu a l w eigh t o r  m e tab o lic  body 

s iz e )  and the  l in e a r  t e r m  of feed  in tak e  a p p e a re d  to acco u n t fo r the  

m ax im u m  v a r ia t io n  in  d ig e s tib ili ty . W hen th e  e n t i re  eq u a tio n s  w e re  

e n te re d  in  th e  a n a ly s is  of v a r ia n c e  ta b le  fo r  r e g re s s io n ,  the  s ig n if ic an ce  

of the  l in e a r  e ffec t of feed  in tak e  w as re d u c e d  c o n s id e ra b ly . T h is  re d u c ­

tio n  in  th e  l in e a r  s o u rc e  of feed  in tak e  can  be acco u n ted  fo r  by the  

ex ceed in g ly  h igh  d e g re e  of c o r re la t io n  b e tw een  feed  in ta k e , feed  in tak e  

r a i s e d  to the  q u a d ra tic  p o w er, and  feed  in tak e  r a i s e d  to  the  cubic p o w er.

The w eigh t te r m s  (e ith e r  a c tu a l w eigh t o r  m e ta b o lic  body s iz e )  

and the  l in e a r  t e r m  of feed  in tak e  w ere  bo th  s ig n if ic a n t w hen r e g r e s s e d  

a g a in s t th e  d ig e s tio n  c o e ffic ien ts  fo r  d ry  m a t te r  and  g ro s s  e n e rg y . T he 

re s u l t in g  eq u a tio n s  in d ic a te d  th a t th e  c u rv e s  w ould be d e c re a s in g  a t a  

d e c re a s in g  r a te  o r  concave up w ard .
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T ab le  20 S te p -w ise  E n try  of V a r ia b le s  -  E qu a tio n s [2 ] and  [3] , 
F a t-M in e ra l  S tudy 0

V a ria b le E q u a tio n  [2] E q u a tio n  [3]

b ....s eb F b . _ s ab..... F

A ct, W t, . 3414 , 0 9 6 2 1 2 . 6 0 ** ,4 0 0 9 . 1008 15. 82**

In ta k e  
A c t, Wt»

- 1 , 0 1 2 2

,4 3 2 6
,3 3 6 9
,0 9 1 4

9 ,0 3 * *  
2 2 , 39

- .9 4 7 7
.4 8 3 3

.3 5 4 2  7. 16 

. 0973 2 4 .6 7 * *

In tak e  
(In take)^  
A c t, W t,

6588 
- ,  2581 

,4 3 2 3

2 ,3586
1 ,7045

.0 9 2 9

, 08 
. 0 2  

2 1 . 6 6 **

- .7 5 8 1
1386

.4 8 3 0

2 .4 9 3 8  .0 9  
1 .8044  . 0 1 iv 

,0 9 9 0  2 3 .8 1 * *

In tak e  
(In take)^  
(In take) 
A c t, W t.

11, 796? 
-2 0 ,0 8 6 ?  

10 ,0146 
,4 5 7 5

10,7800 
16 ,8364  

8 .4 6 0 2  
.0 9 4 7

1 . 2 0  

1 .42  
1 .4 0  

23. 33**

15.6216 
-2 6 ,1 7 6 0  

13 .1314  
.5 1 3 3

11,2728  1 ,9 2  
17,5820 2 . 2 2  

8 ,8221  2 , 2 2  

.0 9 9 2  2 6 , 80**

* P  <  ,0 5 P  <  „ 01
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T able  3. S te p -w ise  E n try  of V a ria b le s  - E qua tions [4] and [5] . 
F a t-M in e ra l  S tudy.

V a ria b le b
E q u a tio n  [4] 

s eb F
E q u a tio n  [5] 

b s eb F

M B S 1. 9911 .5 5 9 2 1 2 . 6 8 ** 2 .3280 .5 8 7 2 15 .72**

In take
M B S

-1 .0 1 8 4  
2 .5 2 9 2

.3 3 6 3  

. 5313
9 .1 7 * *  

2 2 . 6 6 **
- .9 5 2 3
2 .8141

. 3546 

. 5670
7 .2 1 * *  

2 4 .63**

In take
(In take)^
M B S

- .5 9 8 8  
- .3 0 6 6  
2 .5276

2 . 3513 
1 .6997  \

.5396

. 0 6  

. 03 
21 .9 5 * *

—.6 8 6 4  
1945 

2 .8118

2 .4932  
1. 8045 
. 5766

,0 8  
, 0 1  

23 .7 8 * *

In tak e  
(In take)^  
(In take) ̂  
M B S

11.9144 
-2 0 .2 2 4 2  

10.0580 
2 .6750

10.7508 
16.7888 
8 .4351  

.5 5 0 0

1. 23 
1 .45  
1 .42  

2 3 .66**

15.7092 
-2 6 .2 5 3 6  

13.1406 
2 .9885

11.2782 
17.5887 

8 .8243  
. 5776

1 .94  
2 . 23 
2 . 2 2  

26 .77**

* P  <  .0 5 ** P  <  .0 1
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S te p -w ise  en try  of v a r ia b le s  in  equations [2] and [3] a re  p r esen ted  

in  T ab le 2. Equation [2] is  the r e g r e s s io n  of dry m a tter  d ig e s t ib ility  

of feed  in take w ith an added ad ju stm en t for a ctu a l w e ig h t. Equation [3] 

i s  a r e g r e s s io n  of g r o ss  en erg y  d ig e s t ib ility  on feed  in take w ith an 

added ad ju stm en t for ac tu a l w eigh t. S te p -w ise  en try  of v a r ia b le s  in  

equations [4] and [5] a re  p r e se n ted  in  T able 3. E quation [4] i s  a 

r e g r e s s io n  of dry m a tter  d ig e s t ib ility  o f feed  intake w ith  an added a d ju st­

m ent fo r  m eta b o lic  body s iz e .  E quation [5] i s  a s te p -w is e  r e g r e s s io n  of 

g r o ss  en erg y  d ig e s t ib ility  on feed  intake w ith an added adjustm ent for  

m eta b o lic  body s iz e .  In a l l  four r e g r e s s io n s  the feed  in take v a r ia b le  

i s  in  the l in e a r , q u ad ratic , and cubic p o w e r s .

To m ore  c lo s e ly  ex a m in e  the re la t io n sh ip s  a n a ly se s  of c o v a r ia n ce ,-  

by tr e a tm e n ts , w ere  p er fo rm ed  on the fa t -m in e r a l stu d y . The co v a r ia n ce  

a n a ly se s  com puted fo r  the fa t -m in e r a l study w ere  by the fo llow in g  p a ir s  

of v a r ia b le s :  dry m a tter  d ig e s t ib ility  (X j) and actu a l w eigh t (X^), g r o ss  

en erg y  d ig e s t ib ility  (X^) and actu a l w eigh t (X ^), feed  in take (X^) and 

a ctu a l w eight (X ^), dry m atter  d ig e s t ib ility  (X j) and m eta b o lic  body  

s iz e  (X g), g r o s s  en erg y  d ig e s t ib ility  (Xg) and m eta b o lic  body s iz e  (X^), 

fe e d  intake (X^) and m eta b o lic  body s iz e  (X ^), dry m atter  d ig e s t ib ility  

(X j) and feed  intake (X ^), and g r o ss  en erg y  d ig e s t ib ility  (X^) and feed  

in take (X^). T h ese  co v a r ia n ce  a n a ly se s  w e re  m ade w ith  r e s p e c t  to  

trea tm en t to d eterm in e  if  trea tm en t e ffe c ts  a lte r ed  the com m on  r e g r e s ­

s io n  of any of the e igh t p a ir s  of v a r ia b le s .
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R e su lts  o f the a n a ly se s  of co v a r ia n ce  a re  su m m a r iz e d  in T able 4 . 

L ack of s ig n ifica n t d ev ia tio n s fro m  com m on r e g r e s s io n  su g g e ste d  that 

a com m on r e g r e s s io n  for the en tire  tr ia l  cou ld  be em p lo y ed  in fo llo w ­

ing s te p s  of fittin g  a m o d el. In one in sta n ce  s ig n ifica n t d ifferen ces  did  

o ccu r  b etw een  trea tm en t r e g r e s s io n  for g r o s s  en erg y  d ig e s t ib i l i ty ' 

r e g r e s s e d  on a ctu a l w eigh t.

In add ition , p a r tia l c o r r e la tio n s  p erta in in g  to each  o f the a n a ly se s  

in  eq u ation s [2] -  [9 w e re  then in v e s tig a te d . The p a r tia l co rre la tio n s  

w e re  com puted  as (25): (ca lcu la tio n s  in  appendix)

r y i  * ( r y2> <r i2>

ry l * 2  =

w h ere

y = d ig e s tio n  c o e ff ic ie n t  (dry m a tter  or g r o ss  en ergy)
1 1 * feed  intake
2  = w eigh t (actu a l or m eta b o lic  body s iz e )
r y l»  2  = c o r r e la t io n  (p a rtia l) b etw een  d ig e s t ib ility  and in take

ad ju sted  for  w eigh t

A dju stm ent for  the c o r r e la t io n  b etw een  d ig e s t ib ility  and feed  in take  

c o r r e c te d  for  w eigh t (e ith er  actu a l or m eta b o lic  body s iz e )  w as  

em p lo y ed . An in c r e a s e  by a m u ltip le  o f 2 . 2 in  the d e g r ee  o f c o r r e la t io n  

com p arin g  c o r r e la tio n  of dry m a tter  d ig e s t ib ility  and in take ad ju sted  for  

w eigh t o v er  the s im p le  c o r r e la t io n  b etw een  dry m atter  d ig e s t ib ility  and 

feed  in take o c cu rr e d . S im ila r ly , th ere  w as an in c r e a s e  by a m u ltip le



Table 4 e A n alysis of Covariance R esu lts Srnnm arized0 Fat =• M ineral Study0

V a ria b le s R e g re s s io n  C o effic ien tsa C o rre la tio n

Y
X V bn b f f i bi v b c r c ■

2

:i;i r c

D M Dig A ct0 Wto . 046* ,0 4 3 * , 0 2 2 .0 3 3 .0 3 6 * * . 5151** : .2 6 5 2

G E Dig Act<, Wtc, ,0 5 2 * , 054* .0 3 7  *
*

.0 3 4 , 043** .5 8 4 0  . . 1 .3 4 1 1

In tak e Acta Wte o 006 ,0 1 8 .0 0 3 .0 0 8 , 008**
!§S

. 3327 , 1 1 0 6

D M p ig M B S , 2 6 2 * ,2 4 9 * .1 3 0 «193 . 208** .5165** , 2667

"5G E  B g M B S ,2 9 9 * : ,6 1 2 * .2 1 8 . 193* . 250** .5 8 6 9 * " .3 4 4 4

In tak e M B S ,0 3 5  , i , 1 0 2 .0 1 8 .0 5 0 .0 4 8 .3 3 4 4 * ,1 1 1 7

D M Dig In tak e 269 - , 2 2 6
,  * -1 .6 0 3 .7 7 4 - .4 1 4 - .2 1 7 6 ,0 4 7 3

G E Dig In ta k e - ,1 6 9  •: - ,0 8 7 -1 .0 9 5 .4 9 7 - .2 4 4 1 9 2 6 , 0370

* P < . 0 5
** P  < . 0 1

a° S u b sc rip ts  r e f e r  to  tre a tm e n ts  in  th e  f a t -m in e ra l  study 
I No T a llo w 0 No M in e ra l 

II No T allow  a M in e ra l
EEI T a llo w 0 No M in era l ^
IV T a llo w 0 M in e ra l a>

C C om m on R e g re s s io n
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of 2 . 6  in  the d e g re e  of c o r re la t io n  c o m p arin g  the c o r re la t io n  of g ro ss  

en e rg y  d ig e s tib ili ty  and in tak e  ad ju s ted  fo r  w eights o v e r g ro s s  en e rg y  

d ig e s tib ili ty  and in ta k e . P a r t ia l  c o r re la t io n s  w ere  com puted  fro m  the 

a n a ly se s  of c o v a r ia n c e  d a ta .

E x am in a tio n  of the p a r t ia l  c o r re la t io n s  betw een  d ig e s tib il i t ie s  

and in tak e  a d ju s ted  fo r w eigh t su g g ested  a c o v a rian ce  a d ju s tm en t of 

in tak e  fo r w eight to a d ju s t the in tak e  v a lu es  to  a m ean  w eight b a s is .

The c o v a r ia n c e  a d ju s tm en t of in tak e  fo r  w eight shou ld , th e o re t ic a l ly ,  

e lim in a te  the e ffec t of w eigh t upon in tak e . As a r e s u l t  of the in c re a s e s  

in  c o r re la t io n s  betw een  d ig e s tib ility  and in tak e  ad ju s te d  fo r w eight 

the c o v a r ia n c e  a d ju s tm en t of in tak e  fo r  w eight w as em ployed .

In d iv id u al feed  in take  v a lu es  we r e  then  ad ju s ted  to a t r i a l  m ean  w eight 

b a s is  by the follow ing fo rm u la e :

x 6  = x 3i -  b3-4 (X4i * x 4*> C?]

x 7 = X 3i " b 3 .5 (x 5 i - % 5 . )  C s]

w here

X 3  = feed  in tak e
X4  = a c tu a l w eight
Xg = m etab o lic  body s iz e
b ^ .^  = r e g re s s io n  of in tak e  (X 3 ) on ac tu a l w eight (X4 )
b^g.  = r e g re s s io n  of in tak e  (X3 ) on m etab o lic  body s iz e  (X 5 )

The r e g re s s io n  c o e ffic ie n ts  u sed  in the c o v a rian ce  a d ju s tm e n t of in tak e

to a m ean  w eight b a s is  w ere  fro m  the  c o rre sp o n d in g  c o v a r ia n c e  a n a ly s is .
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S in ce  co n s id e ra b le  w ork  s e e m s  to  in d ica te  that c u r v ilin e a r  r e g r e s ­

s io n  b e s t r e la te s  d ig e s t ib ility  and le v e ls  of in take (1) a seco n d  c u r v ilin e a r  

r e g r e s s io n  w as attem p ted  u sin g  the two new v a r ia b le s :

= feed  in take adjusted  for  ac tu a l w e ig h t, and

= feed  intake adjusted  fo r  m eta b o lic  body s iz e .

T h is seco n d  c u r v ilin e a r  r e g r e s s io n  w as conducted  u sin g  the fo llow in g  

form u lae:

X i  = b 0 + b 1X 6 + b 2x 2  + b 3X 6 [ 9]

X 2 = b 0 + b l X 6 + b 2X6 + b 3X 6 [10]

X i = bQ + b 1X ? + b 2x |  + b 3X7 [ l l ]

X 2 = b0 + b 1X 7 + bgX^ + b 3X^ [12]

E quation [ 9 ] i s  a r e g r e s s io n  of dry m a tter  d ig e s t ib ility  (X j)  on a cub ic

equation  of feed  in take ad ju sted  fo r  actu al w eigh t (X ^). E quation [10] is

a r e g r e s s io n  of g r o ss  en erg y  d ig e s t ib ility  (Xg) on a cu b ic  equation of 

feed  in take ad justed  fo r  actu al w eigh t (X^). E quations [ l l ]  and [12] 

r e s e m b le  equations [9] and [10] r e s p e c t iv e ly , ex cep t that fe ed  in take is  

ad justed  fo r  m eta b o lic  body s iz e  (X^).

The r e s u lt s  of the seco n d  c u r v ilin e a r  r e g r e s s io n  a re  p r esen ted  in  

T able 5 . In th is  seco n d  exp on en tia l r e g r e s s io n , s im ila r  p ro b lem s to  

th o se  occu rrin g  in  the f ir s t  c u r v ilin e a r  r e g r e s s io n  w e re  en co u n tered . 

P r in c ip a l am ong the p ro b lem s in  the seco n d  s e t  of r e g r e s s io n  

fo r m u la e , [9] -  [12] , w ere  low  le v e ls  of c o r r e la t io n s . A gain  the



Table 50 C urvilinear R egression  with Intake Adjusted for Weight,, Fat->Mineral Study,,

E qua- _  V a ria b le s  __  R e g re s s io n  Coeff ic ie n ts  ± s eb
iion  
N oe

tio n  Y X b Q b 1  b 2  b 3  “ 'r 2

[ 9 ]  D M  Dig In tak e  a d je
. : A ct0 W t. 5 3 .7 3  4-3 .27  10, 18 + 15.68 -1 .6 2  + 2 .2 8  .0 8  + .1 1  .1666

[10] G E Dig In tak e  ad j.
, A c t. W t. 5 3 .7 3  + 3 .6 6  9 .6 0  t  17 .52  -1 .5 4  + 2 .55  .0 7  + .1 2  .1145

[11] D M  D i g l n t a k e  a d j.
M B S  5 8 .4 3  + 3 .2 7  8 .  10 + 15.58 -1 .3 2  + 2 .2 7  .0 6  + .1 1  .1674

[12] G E Dig In tak e  ad j.
m b s  6 0 .8 4  + 3 .6 6  6 .4 2  + 17 .44  -1 .0 8  + 2 .5 4  .0 5  + .1 2  .1137
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d ifficu lty  of h igh c o r r e la t io n s  b etw een  the l in e a r , q u a d ra tic , and cubic  

p ow ers of in take red u ced  the c o r r e la tio n  b etw een  d ig e s t ib i l i t ie s  and the 

p o w ers  of in tak e.

P lo ts  and ca lcu la tio n s  of poin ts in  the so lv ed  equations [9 ] -  [120 

in d ica ted  that the seco n d  s e t  o f eq uation s p rovid ed  a v ir tu a lly  lin ea r  

r e la t io n  b etw een  d ig e s t ib i l it ie s  and in tak es adjusted  fo r  actu a l w eight 

and m eta b o lic  body s iz e .

G a rre tt , M ey er , and L ofgreen  (12) found that e ith e r  lin ea r  

r e g r e s s io n  or exp on en tia l r e g r e s s io n  cou ld  be em p lo y ed  in  s tu d ies  of 

th is  type w ith  ap p ro x im a te ly  the sa m e  accu racy*

Due to the in s ig n ific a n t addition  o f c u r v ilin e a r  te r m s  to the m o d el, 

lin ea r  r e g r e s s io n  w as u sed  s o le ly  for a n a ly se s  of the m ilo , b a r le y , and 

a lfa lfa  s tu d ie s . In the lin e a r  r e g r e s s io n , feed  in take adjusted  for  a ctu a l 

w eigh t (X^) and feed  in take ad ju sted  for  m eta b o lic  body s iz e  (X 7 ) w ere  

again  em p lo y ed . The lin ea r  r e g r e s s io n s  w ere  c a r r ie d  out under the 

fo llow in g  form u lae:

x l = b 0 + b l X 6  [13]

X 2  = b 0  + b xX 6  [14]

X j = bQ + b jX 7  [15]

X 2  = bg + b^X^ [16]

E quation [13] i s  a lin ea r  r e g r e s s io n  of dry m a tter  d ig e s t ib ility  (X |)  on

fe e d  in take ad ju sted  fo r  actu a l w eigh t (X^). Equation [14] i s  a r e g r e s s io n
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of g r o ss  en ergy  d ig e s t ib ility  (X^) on feed  intake adjusted  for  actual 

w eight (X^). E quations [15] and [16] are  sim ilar to [13] and [14] 

r e s p e c t iv e ly ,  ex cep t that in  equation s [15] and [ l 6 ] fe ed  in take is  

ad justed  for  m eta b o lic  body s iz e  (X^) in s te a d  of a c tu a l w eigh t (X^).

R e su lts  of lin e a r  r e g r e s s io n , equations [13] -  [16] , for  the fa t-  

m in er a l study a re  p r e se n ted  in  T able 6 , and illu s tr a te d  in  F ig u r e s  1A 

and IB , In a ll  four c a s e s  a h igh ly  s ig n ifica n t d ec lin e  in  d ig e s t ib ility  

o ccu rs  w ith in c r e a s in g  le v e ls  of intake adjusted  for e ith e r  w eight te r m , 

actu a l w eigh t or m eta b o lic  body s iz e .

P a r t II E va lu ation  of R e g r e ss io n  M odels and C om p arison  o f R ations

A ll o b serv a tio n s  fro m  both the m ilo  tr ia l  and the b a r le y  tr ia l  w e re  

in c lu d ed  to m ake the a n a ly se s  a b etw een  gra in s study ra th er  than a 

b etw een  trea tm en t stu d y . In d ica tion s a re  that p rev io u s trea tm en t  

e ffe c ts  a re  e lim in a ted  i f  the an im a l is  g iven  ten  to fif teen  days for the 

rum en population  to rea d ju st to  a new ration  (3 , 20).

The r e su lts  of the lin ea r  r e g r e s s io n s ,  form u lae  f l3 ]  -  [ lb ]  , for  the  

m ilo , b a r le y , and a lfa lfa  study a re  p r e se n ted  in  T able 7 , and il lu s tr a te d  

in  F ig u r e s  2A and 2B .

In g e n e r a l, r e s u lt s  of the m ilo  and a lfa lfa  a n a ly se s  a re  in  a g reem en t  

w ith  B la x ter  (1) and F o r b e s  and G a rrigu s (11) in  that as intake in c r e a s e s  

(in  th is  c a se  ad ju sted  for  e ith er  a ctu a l w eigh t or m eta b o lic  body s iz e )  

d ig e s t ib ility  of both dry m a tter  and g r o s s  en erg y  d e c lin e .
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T ab le  6 « R e g re s s io n  C o effic ien ts  and  C o effic ien ts  of D eterm ination^  
E q u a tio n s  [ l3] -  [ l 6] L in e a r  R e g re s s io n  -  F a t~ M in e ra l Study 0

E qu a tio n Y X R e g re s s io n  + D e te rm in a ­
tio n

Wr-4 
1--1 D M Dig. In t. ad j. A ct. W t. - .9 7 5  + .3 0 5 . 1530

Vr-H
 

1--1 G E Dig. In t. ad j. A c t, W t. —. 873 + . 245 . 1043

[15] D M Dig, In t. ad j. MBS - .9 9 3  + ,3 1 2 . 1582

[16] G E D ig. In t. ad j. MBS - .8 9 1  + .2 5 0  ** . 1084

* P  <  . 05

** P  <  „01
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F igu re 1A. E ffect of F eed  Intake Adjusted for Actual W eight on
D ig estib ilitie s  (F at-M in era l Study)

80

= - .9 7 5
70

50

80

873
70

50

F e e d  Intake adjusted  for A ctu al W eight 
k g /d a y

• = (x, y)
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F igu re IB . . E ffect of F eed  Intake Adjusted for M etabolic Body S ize
on D ig estib ilitie s  (F at-M in era l Study)

80

- .9 9 3

70

80

891
70

50

F e e d  Intake A djusted  for  M etabolic  B ody S ize  
_ _ k g /d a y

• = (x , y)
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T able 7. L in ear  R e g r e ss io n  o f D ig e s t ib ility  on Intake A dju sted  for
W e ig h t. M ilo , 
E quations [l3J

B a r le y , and A lfa lfa  R a tio n s. 
-  [16] .

V a ria b les  
Y X

In tercep t
b 0

R e g r e ss io n  C o effic ien t + s e
b l  t  sb

r 2

X 1  x 6
M ilo
B a r le y
A lfa lfa

80. 80 
6 4 .7 4  
64. 20

-2 .0 3 5  f  .8 1 2 3  * 
1 .646 t  .3 7 7 4  ** 

- .6 5 5  + .7 5 0 3  ns

. 1 2 0 1  

.4 6 3 8  

.0 7 0 8

X 2  X 6  
M ilo  
B a r ley  
A lfa lfa

7 7 .8 2  
62. 36
6 3 .8 3

-1 .8 2 5  + .8 2 0 1  * 
1 .905  + .4 4 4 3  ** 

- .6 9 7  + .7 8 3 2  ns

.0 9 7 2

.4 5 5 0

.0 7 3 4

X , X 7  

M ilo  
B a r ley  
A lfa lfa

8 0 .8 8
6 4 .7 7
6 4 .2 2

-2 .0 4 7  + .8 1 1 9  * 
1 .642  + .3 7 7 0  **

- .6 5 8  + .7 5 1 9  ns

. 1214 

.4630  

.0 7 1 2

x 2  x 7

M ilo
B a r ley
A lfa lfa

7 7 .9 0
6 2 .4 1
6 3 .8 7

-1 .8 3 7  + .8 1 9 8  *
1 .898  f  .4 4 4 3  ** 

- .7 0 5  + .7 8 4 9  ns

.0984

.4 5 3 4

.0746

P  <  .0 5 P <  .0 1

X j = D ry m atter  d ig e s t ib ility  = Intake ad ju sted  fo r  actu a l w eigh t

|X 2  = G r o ss  en erg y  d ig e s t ib il ity  X^ = Intake ad justed  for  M B S
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F igu re 2A, E ffect of F eed  Intake Adjusted for A ctual W eight on
D ig estib ilitie s  (M ilo, B arley  and A lfalfa Studies)

B a r ley  b = 1 .6 4 680

70 M ilo b = -2 .0 3 5

A lfa lfa
- .6 5 5

50

B a r ley  b = 1 .9 0 580

70
M ilo b = - 1 .8 2 5

A lfa lfa
- .6 9 7

50

F e e d  Intake A dju sted  for  A ctu a l W eight 
_ _ k g /d a y

• = (x, y)
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F igu re 2B. E ffect of F eed  Intake Adjusted for M etabolic Body S ize on
D ig estib ilitie s  (M ilo, B arley  and A lfalfa Studies)

B a r ley  b = 1 .6 4 280

70 M ilo b = - 2 .  047

A lfa lfa 658

B a r ley  b = 1 .8 9 880

70 M ilo b = - 1 .8 3 7

A lfa lfa - .7 0 5

50

F e e d  Intake A djusted  for  M etabolic  Body S ize
k g /d a y

•  = (x, y)
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In  th e  f i r s t  r e g r e s s io n ,  d ry  m a tte r  d ig e s tib ili ty  on feed  in tak e  

a d ju s te d  fo r  a c tu a l w e ig h t, bo th  th e  m ilo  and  a lfa lfa  ra t io n s  show ed a  

dec lin e  Q S ig n ifican ce  o c c u r re d  only in  th e  m ilo  ra t io n ,  in d ica tin g  fo r  

e v e ry  k ilo g ra m  of in c r e a s e d  in tak e  th e r e  w ill o ccu r a  p ro p o rtio n a l 

(Za 04 p e rc e n ta g e  p o in ts) d ec lin e  in  d ry  m a tte r  d ig e s tib il i ty . W hile 

r e s u l ts  of the  a lfa lfa  s tudy  w e re  n o n s ig n if ic a n t, i t  is  f e l t  th a t a  s ig n if ic a n t 

d ec lin e  m ig h t have o c c u r re d  had  th e r e  b ee n  m o re  in fo rm a tio n  av a ilab le  

on th e  a lfa lfa  ra t io n .

In  the seco n d  r e g r e s s io n ,  g ro s s  en e rg y  d ig e s tib ili ty  r e g r e s s e d  on 

feed  in ta k e  a d ju s te d  fo r  a c tu a l w eig h t, s im i la r  to  r e s u l t s  o c c u r re d .

W ith an  in c r e a s e  in  feed  in ta k e , a  s ig n if ic a n t d ec lin e  in  m ilo  d ig e s tib ili ty  

(1 . 8  p e rc e n ta g e  p o in ts  p e r  k ilo g ra m  of in tak e ) o c c u r re d . The a lfa lfa  

r e g r e s s io n  u n d e r th is  m o d el w as n o n s ig n ifican t.

D ry m a t te r  d ig e s tib il i ty  r e g r e s s e d  on feed  in tak e  a d ju s te d  fo r  

m e tab o lic  s iz e ,  eq u a tio n  [15] , a  s ig n if ic a n t d ec lin e  in  d ig e s tib ili ty  of

2. 05 p e rc e n ta g e  p o in ts  p e r  in c r e a s e d  k ilo g ra m  of in tak e  a p p e a re d . D ry  

m a t te r  d ig e s tib ili ty  of a lfa lfa  d ec lin ed , but w as not s ig n if ic a n t.

The fin a l r e g re s s io n ,  g ro s s  e n e rg y  d ig e s tib ili ty  on feed  in tak e  

a d ju s te d  fo r  m e ta b o lic  body s iz e ,  show ed s im i la r  r e s u l t s .  F o r  each  

added  k ilo g ra m  of m ilo  in tak e  a  d e c re a s e  of 1, 84 p e rc e n ta g e  po in ts  

o c c u r re d . S im ila r  to th e  above r e g r e s s io n s ,  th e  d ro p  in  d ig e s tib le  e n e rg y  of 

a lfa lfa  w as n o n s ig n if ic a n t, bu t did follow  the  tre n d  of a g ra d u a l d e c re a s e  

w ith  in c r e a s e d  in ta k e .
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R e su lts  of th e  r e g re s s io n s  co n ce rn in g  the b a r le y  r a t io n s 0 h o w e v e r, 

show ed ex ac tly  o p p o site  in fo rm a tio n , A h ig h ly  s ig n if ic a n t in c r e a s e  in  

d ig e s tib ili ty  of d ry  m a tte r  and g ro s s  e n e rg y  o c c u r re d  w h e th e r th e  in tak e  

w as a d ju s te d  fo r  e i th e r  a c tu a l w eigh t o r  m e tab o lic  body s iz e .  R e su lts  of 

the b a r le y  a n a ly se s  a r e  co n ta in ed  in  T ab le  7, T h e se  r e s u l t s  in d ic a te d  an  

in c r e a s e  in  bo th  d ry  m a tte r  and g ro s s  en e rg y  d ig e s tib ili ty  p e r  u n it of 

added  feed  in tak e  a d ju s te d  fo r  w eigh t. The am ount of in c r e a s e  in  

d ig es tio n  co e ffic ien ts  is  r e p re s e n te d  by th e  r e g re s s io n  c o e ffic ie n t.

I t  is  fe l t  th a t c u rv i l in e a r  r e g re s s io n  is  no t the  m o s t e ffic ie n t 

m e th o d  of ex am in in g  the re la t io n s h ip s  b e tw een  d ry  m a t te r  and g ro ss  

en e rg y  d ig e s tib il i t ie s  and feed  in tak e  w h e th e r a d ju s te d  fo r a c tu a l w eigh t 

o r  m e tab o lic  body s iz e  o r  if  feed  in tak e  is  le f t u n a d ju s ted . The u se  of 

o r th o g o n a l p o ly n o m ia ls  cou ld  p o ss ib ly  p ro v id e  an e ffec tiv e  c u rv i lin e a r  

a n a ly s is  of the  d a ta . T h is m ethod  m ay p ro v e  im p o ss ib le  due to  the  

c o m p le x itie s  invo lved  in  p ro v id in g  an o rth o g o n a l s e t  of co e ffic ien ts  fo r  

feed  in ta k e s .  T he p r in c ip a l  ad v an tag e  of o rth o g o n a l p o ly n o m ia ls  w ould 

be th a t  th e  h igh  c o r re la t io n s  b e tw een  feed  in tak e  in  i ts  l in e a r ,  q u a d ra tic ,  

and cub ic  p o w ers  e n c o u n te red  in  this s tudy  w ould not be a  p ro b le m .

An in te re s t in g  o b s e rv a tio n  m ad e  f ro m  th is  s tudy  is  th e  s im ila r i ty  

of feed  in tak e  a d ju s te d  fo r  a c tu a l w eigh t and  feed  in tak e  a d ju s te d  f o r  

m e ta b o lic  body s iz e .  In  v ir tu a l ly  a l l  c a s e s ,  the  d iffe re n c e s  th a t 

o c c u r re d  w e re  due to  ro u n d in g . T h is  is  d e m o n s tra te d  by the  n u m e r ic a l  

d iffe re n c e s  in  th e  r e g r e s s io n  c o e ffic ie n ts  u se d  to  a d ju s t feed  in tak e  to  a
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t r i a l  m ean  a c tu a l w eigh t and  a  t r i a l  m ean  m e ta b o lic  body s iz e . The 

r e g r e s s io n  co e ffic ien t ad ju s tin g  in tak e  fo r  a c tu a l w eigh t w as c o n s id e ra b ly  

s m a lle r  th an  the  c o rre sp o n d in g  r e g r e s s io n  co e ffic ien t ad ju s tin g  in tak e  

fo r  m e ta b o lic  body s iz e .  The n u m e r ic a l  s im ila r i ty  of th e  a d ju s te d  feed  

in ta k e s  w as b o rn e  out by c lo se n e ss  of th e  r e g re s s io n  c o e ffic ien ts  fo r 

d ry  m a t te r  d ig e s tib il i ty  on feed  in tak e  a d ju s te d  fo r e i th e r  a c tu a l w eight o r  

m e ta b o lic  body s iz e .  S im ila r ly , the r e g re s s io n  c o e ffic ie n ts  of g ro ss  

en e rg y  d ig e s tib ili ty  on feed  in tak e  a d ju s te d  fo r  e i th e r  a c tu a l w eigh t o r  

m e tab o lic  body s iz e ,  w e re  in  good a g re e m e n t.

C o effic ien t of d e te rm in a tio n  of th e  re la tio n s h ip  b e tw een  d ry  m a tte r  

d ig e s tib ili ty  |X j)  and g ro ss  e n e rg y  d ig e s tib il i ty  w as com pu ted  fo r  

a l l  ra t io n s  to  m e a s u re  the  r e la t io n s h ip , if  any , b e tw een  th e se  two 

v a r ia b le s .  C o effic ien ts  of d e te rm in a tio n  fo r  a l l  of the ra tio n s  s tu d ied  

h e re in  a r e  p re s e n te d  in  T ab le  8 . The ta b le d  v a lu es  show  th e se  two 

v a r ia b le s  to  be h igh ly  c o r re la te d .  T h is  is  to  be ex p ec ted  as g ro ss  e n e rg y  

co n ten t of a ra t io n  is  d e te rm in e d  by i t s  o rg a n ic  m a t te r  co n ten t. D ry 

m a t te r  d ig e s tib ili ty  is  p r im a r i ly  d e te rm in e d  by the o rg a n ic  m a t te r  

d ig e s tib il i ty , a s  a s h  co n ten t of th e se  h ig h -c o n c e n tra te  ra tio n s  w as v e ry  

low . If  a s h  co n ten t in  a  ra t io n  w ere  n o n -e x is ta n t,  and th e re  w as no 

e x c re tio n  of m in e ra ls  in to  the  lu m en  of the  la rg e  in te s t in e ,  a  p e r fe c t  

c o r re la t io n  is  th e o re tic a lly  p o s s ib le .
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T ab le  8 „ C o r re la tio n  be tw een  D ry  M a tte r  D ig e s tib ility  and  G ro ss  
E n e rg y  D ig e s tib ility

T r ia l  No, S te e rs

F a t-M in e ra l  35 ,9 4 3 2

M ilo 48 ,9 7 9 0

B a r le y  24 ,9 4 1 3

A lfa lfa  12 ,9 3 3 0



DISCUSSION

The fa c to rs  a ffec tin g  d ig e s tib ili ty  of ra tio n s  in  ru m in a n ts  a r e  no t 

c o n c re te ly  e s ta b lis h e d  although  so m e w o rk  in d ic a te s  th a t w eigh t by 

v ir tu e  of i ts  e ffec t on in tak e  does a ffec t d ig estib ility ., The u se  of the 

c o v a r ia n c e  a d ju s tm e n t of in tak e  to a m ean  t r i a l  w eigh t b a s is  is  

su p p o rte d  a lso  by the r e s u l t s  of the  m u lt ip le -s te p -w is e  r e g re s s io n  

em ployed  in  P a r t  I w h ere  w eigh t w as the  f i r s t  v a r ia b le  e n te re d  in  the  

a n a ly s is  of v a r ia n c e  fo r  r e g re s s io n .

The h igh  d e g re e  of s im i la r i ty  b e tw een  the c u rv i lin e a r  r e g re s s io n s  

and the l in e a r  r e g r e s s io n  em ployed  fin a lly  in  P a r t  I w ould in d ica te  th a t 

the  r a t io n s ,  fo r  the  l im its  of feed  in tak e  s tu d ie d , p ro v id e d  su ff ic ie n t 

e n e rg y  to  be above m ain ten an ce  (1), The in d ic a tio n  is  su p p o rte d  by the 

fa c t th a t w ith only one ex cep tio n  a ll 1 1 9  s te e r s  ga ined  w eigh t th roughou t 

th e  t r i a l s  s tu d ie d . L in e a r  r e g re s s io n  m ay  be eq u iv a len t to  ex p o n en tia l 

r e g re s s io n s  in  th is  in s ta n c e  b e c a u se  th e  s te e r s  w e re  on 9 0  p e r  cen t of 

ad  lib itu m  feed  in tak e  and  w e re  not a llow ed  to  co n su m e fe ed  u n til 

ap p e tite  fa ile d ,

B la x te r ,  G rah am , and  W ainm an ^3) found w ith  sh eep  on roughage  

ra tio n s  th a t an  a sy m p to tic  l im it  of d ig e s tib ili ty  of d ry  m a t te r  o c c u r re d  

a t 81 p e r  cen t d ig e s tib ili ty . H o w ev er, the  sheep  in  h is  s tudy  ^3) w e re

34
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on ad  lib itu m  feed  in tak e  „ and  ap p e tite  fa ile d  b e fo re  th e  th e o re tic a l l im it  

of d ig e s tib ili ty  w as r e  ache do

In  view  of r e s e a r c h  in fo rm a tio n  a v a ilab le  the  o b se rv a tio n s  m ade 

w ith  th e  b a r le y  ra t io n  w as so m ew hat s u rp r is in g .  H o w ev er, i t  does a id  

in  exp la in ing  o b se rv a tio n s  f ro m  fee d lo t t r i a l s  conducted  w ith  b a r le y  a t 

the  U n iv e rs ity  of A riz o n a  (14), The feed lo t t r i a l s  have show n th a t by 

p ro p e r  p ro c e s s in g  of b a r le y  i t  is  p o ss ib le  to  im p ro v e  ga in s  y e t not a ffe c t 

feed  efficiencyo H as tin g s  (J15J in d ic a te d  th a t the am ount of f e c a l  m a te r ia l  

e x c re te d  f ro m  an a n im a l w ill not d e c re a s e  a p p re c ia b ly  if  feed  in tak e  is  

re d u c e d , p a r t ic u la r ly  if  the feed  is  h igh ly  d ig e s tib le  due to  the  b a c te r ia l  

co n ten t of th e  f e c e s .  In  c a ttle  a la rg e  p o r tio n  of fe c a l m a te r ia l  is  of 

b a c te r ia l  o r ig in  w hich is  p ro b ab ly  p o o rly  d ig e s tib le . W ith c a tt le  above 

th e  m a in ten an ce  le v e l on a  h igh ly  d ig e s tib le  ra t io n  su ch  as  b a r le y  i t  is  

p ro b ab le  th a t th e r e  is  a  m in im u m  fe c a l e x c re tio n  due to  u n d ig es tib le  

b a c te r ia l  co n ten t of th e  gut. If feed  in tak e  is  in c r e a s e d  w ith  the  h igh ly  

d ig e s tib le  feed  th en  i t  is  p o ss ib le  fo r  a p p a re n t d ig e s tib ili ty  a lso  to  

in c r e a s e  as the  m in im a l fe c a l e x c re tio n  w ill p ro b ab ly  re m a in  co n s ta n t 

and th u s  b eco m e a  s m a l le r  p e rc e n ta g e  of to ta l  fe c a l e x c re tio n . T his 

m in im a l d ry  m a tte r  f e c a l  e x c re tio n  is  p ro b ab ly  analogous to  fe c a l 

m e ta b o lic  n itro g e n , A th e o re t ic a l  100 p e r  cen t d ry  m a t te r  o r  g ro ss  

en e rg y  d ig e s tib ili ty  m ay  be p o ss ib le  b u t w ould not o c cu r  b e c a u se  of th e  

ex is te n c e  of fe c a l m e tab o lic  energy .
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In  the  c a se  of ra ilo  w hich  i s 'p o o r ly  d ig e s tib le  co m p a re d  to  b a rle y , 

a g r e a te r  p o r tio n  of th e  gut f i l l  and f in a l f e c a l  e x c re tio n  is  p ro b ab ly  

r e p re s e n te d  by u n d ig e s te d  r e s id u e s  th an  by  tru e  fe c a l  m e tab o lic  energy , 

Thus a s  a  s te e r  on m ilo  e a ts  m o re  to  s a tis fy  h is  en e rg y  n e e d s  the 

u n d ig e s te d  fe c a l  r e s id u e  r e p re s e n ts  a  g r e a te r  p o r tio n  of the  fe c a l 

e x c re tio n .

D esp ite  th e  opposing  in fo rm a tio n  g iven  in  the  r e g r e s s io n  analyses,, 

i t  w ould s e e m  im p o r ta n t to  no te  th a t  the  m agn itude  of the  s lo p e s  of the  

r e g r e s s io n  l in e s 0 equation  [13] , s ig n if ic an t in  o p p o site  d i r e c t io n s 0 

p re c lu d e  the  u se  of w ide ra n g e s  of w eigh ts  of c a ttle  in  d ig e s tio n  t r i a l s .  

F o r  e x a m p le , u s in g  2 .5  p e r  cen t of w eigh t as a  le v e l of in tak e  and 

c a lcu la tin g  b ack  f ro m  th e  r e g re s s io n  d a ta  p re s e n ts  som e in te re s t in g  

in fo rm a tio n . A t five k ilo g ra m s  and e igh t k ilo g ra m s  of in ta k e , two 260 

k ilo g ra m  s te e r s  a r e  invo lved . F o r  th e  b a r le y  r e g r e s s io n ,  d ry  m a tte r  

and in tak e  a d ju s te d  fo r  a c tu a l w eig h t, 73 and 77 p e r  cen t d ig e s tib ili ty  

a re  ach iev ed  a t the  five  and e ig h t k ilo g ra m  in ta k e  le v e ls  r e s p e c tiv e ly .

I f  the  m ilo  r e g r e s s io n  is  c o m p a re d , d ry  m a t te r  and in ta k e  a d ju s te d  

fo r  a c tu a l w eig h t, 71 and 64 p e r  cen t d ig e s tib ili ty  a re  o b ta in ed , a t fiv e  

and e igh t k ilo g ra m s  in tak e  re s p e c t iv e ly . W hile the  b a r le y  r e s u l ts  show 

an  in c r e a s e  of fo u r p e rc e n ta g e  p o in ts , th e  m ilo  r e s u l t s  show a  d ec lin e  

of sev en  p e rc e n ta g e  p o in ts . C ontinuing th e  c a lc u la tio n s , a  m ean  

d ig e s tib ili ty  of 71 p e r  cen t d ry  m a tte r  d ig e s tib ili ty  is  o b ta in ed . T h is 

show s th a t th e  m ilo  r a t io n  began  a t the  m ean  d ig e s tib ili ty  and d ec lin ed
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w hile the  b a r le y  ra tio n  in c r e a s e d .  T h e re  is  an ab so lu te  d iffe ren ce  

b e tw een  th e  two fin a l d ry  m a tte r  d ig es tio n  c o e ffic ien ts  of 13 p e rc e n ta g e  

p o in ts   ̂ undoubted ly  la rg e  enough to be s ig n if ic a n tly  d ifferen t*

F ro m  the  above sa m p le  c a lc u la tio n s  i t  can  be deduced  th a t th e re  

a r e  enough v a ry in g  f a c to rs  to  l im it  th e  ran g e  of w eigh ts  of c a ttle  em ployed  

in  d ig e s tio n  t r i a l s .

The s im i la r i t ie s  e x is tin g  b e tw een  d ry  m a tte r  r e g r e s s e d  on feed  

in tak e  ad ju s te d  fo r  a c tu a l w eigh t and feed  in tak e  a d ju s te d  fo r a c tu a l 

w eigh t and feed  in tak e  a d ju s te d  fo r  m e ta b o lic  body s iz e  a r e  su ff ic ien t; 

in  view  of th e  s m a ll  d iffe re n c e s  o b ta in ed  in  the  a c tu a l c a lc u la tio n s  of 

th e s e  two t e r m s ,  to  conclude  th a t e i th e r  w eigh t c o r re c t io n  w ill su ffice .

The s im i la r i t ie s  a r e  due to  the  c o m p en sa tin g  m ag n itu d es  of the 

r e g r e s s io n  c o e ffic ien ts  |b ^ e 4 ) and fb^ . 5 ) f ro m  eq u a tio n s  [7] and  [8 ] 

g iven  e a r l i e r .

In  th e  h igh  c o n c e n tra te  ra tio n s  s tu d ied  h e r e ,  th e  h igh  le v e l of 

c o r re la t io n s  b e tw een  d ry  m a t te r  d ig e s tib ili ty  and  g ro s s  e n e rg y  

d ig e s tib ili ty  su g g e s t th a t  one ^ p re fe ra b ly  d ry  m a t te r  d ig e s tib ility )  can  

be  u se d  to  p re d ic t  the  o th e r . I t s e e m s  th a t g ro s s  e n e rg y  d ig e s tib ili ty  

e i th e r  eq u a ls  o r  is  up to  fo u r p e rc e n ta g e  po in ts  s m a l le r  th an  d ry  m a tte r  

d ig e s tib il i ty , se ld o m  does g ro ss  e n e rg y  e x c ee d  d ry  m a t te r  d ig e s tib ili ty . 

T h is  i s  due, no doubt, to  th e  e x c re tio n  of m in e ra ls  in to  th e  lu m en  of th e  

la r g e  in te s tin e  and th e  m in e ra l  con ten t of the  ra t io n  and  the fe c e s .



38

The c o r re la t io n  of d ig e s tib ili ty  (d ry  m a t te r  o r  g ro s s  en e rg y ) w ith  

the  w eigh t te r m s  is  no t ex ceed in g ly  h ig h s p a r t ic u la r ly  on the  m ilo  ration ,, 

bu t in  the  b a r le y  r a t io n  is  in  th e  neig h b o rh o o d  of »45e The le v e l r e s u l t ­

ing  in  th e  b a r le y  r a t io n  w e re  s im i la r  to  th o se  w hich  su g g e s te d  the 

in i t ia l  c o v a r ia n c e  a d ju s tm e n t of in tak e  to  a  t r i a l  m ean  w eigh t b a s is e

A p p aren tly  th e  u se  of a  s in g le  m ean  d ig es tio n  c o e ffic ie n t fo r  d ry  

m a t te r  and g ro s s  en e rg y  is  no t a s  a c c u ra te  a s  i t  m ig h t b e , and should  

be su p p lem e n te d  by l in e a r  r e g re s s io n s  of d ry  m a tte r  and g ro s s  e n e rg y  

d ig e s tib ili ty  on in ta k e . I t  is  co n ce iv ab le  th a t o th e r  ra t io n  f ra c tio n s  

shou ld  a lso  be su p p lem en ted  by r e g re s s io n  a n a ly s e s ,  bu t th is  is  p u re ly  

con jectu re .)

I t  is  a p p a re n t th a t  c o n s id e ra b le  w o rk  in  the  a r e a  of d ig e s tio n  

c o e ffic ie n ts  and o th e r  v a r ia b le s  is  in  o rd e r  to  p ro v id e  a  t ru ly  s a tis fa c to ry  

m eth o d  of d e te rm in in g  the  v a lu e  of a  feed  s o u rc e  to  a n im a ls .



SUMMARY

To s tudy  th e  in flu en ce  of body w eig h t and feed  in ta k e  on d ry  

m a t te r  and  g ro s s  en e rg y  d ig e s tib ili ty  th re e  d iffe re n t r e g re s s io n  a n a ly se s  

w e re  a ttem pted ,, tw o ex p o n en tia l and one l in e a r  r e g re s s io n  m o d el. T he 

r e s u l t s  in d ic a te  th a t the  ra tio n s  s tu d ied  p ro v id e d  su ff ic ie n t en e rg y  to 

m a in ta in  the s te e r s  above th e  po in t of e n e rg y  e q u ilib r iu m .

T h re e  d iffe re n t ra tio n s  w e re  s tu d ied  a f te r  a  m o d el w as e s ta b lis h e d  

in  p re l im in a ry  s tu d ie s  on a  fo u rth  r a t io n  con ta in in g  bo th  of the  g ra in s  

s tu d ied .

E x a m in a tio n  of d ry  m a t te r  and g ro s s  en e rg y  d ig e s t ib i l i t ie s  of 

m ilo  and  a lfa lfa  w hen r e g r e s s e d  a g a in s t in tak e  ad ju s te d  fo r  a c tu a l w eigh t 

and m e ta b o lic  body s iz e  s e e m  to follow  p re v io u s ly  r e p o r te d  tre n d s .

B a r le y , h o w e v e r, p ro v id ed  co m p le te ly  o p p o site  in fo rm a tio n . The 

fo reg o in g  a n a ly se s  in d ic a te  th a t a s  in tak e  in c r e a s e s  on a  b a r le y  r a t io n , 

bo th  d ig e s tib il i t ie s  s tu d ied  in c r e a s e  s im ila r ly .  The in c r e a s e  in  

d ig e s tib il i t ie s  w ith  in c r e a s e d  in ta k e s  m ay  be ex p la in ed  by  a  bu ildup  in  

m ic ro b ia l  t i s s u e  w hich  m ay  be  r e g a rd e d  as a  type of f e c a l  m e tab o lic  

e n e rg y . T h is p ro b ab ly  cou ld  be o b se rv e d  only on h igh ly  d ig e s tib le  

r a t io n s .  The h igh  d ig e s tib ili ty  of b a r le y  h as  b een  show n by A rizo n a  

w o rk e rs .
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In d ic a tio n s  a r e  th a t  c u rv i l in e a r  r e g re s s io n ,  w h e th e r o r  no t w eigh t 

a d ju s tm e n ts  a r e  em p lo y ed , is  no t th e  m o s t e ffic ie n t m eth o d  of an a ly z in g  

su ch  d a ta 0 The u se  of o rth o g o n a l p o ly n o m ia ls  m ay  a lle v ia te  th e  

p ro b le m  of c o r re la t io n s  b e tw een  in d ep en d en t v a r ia b le s ,  bu t c o m p lex itie s  

in  p ro d u c in g  o rth o g o n a l s e ts  of co e ffic ien ts  fo r  in tak e  m ig h t p ro h ib it 

t h e i r  u s e .

The r e s u l t s  h e re in  p o in t out th e  d a n g e rs  of o v e r-e x te n d in g  the 

leng th  of d ig es tio n  t r i a l s  on th e  sa m e  s e t  of liv e s to c k  in  th a t  

d ig e s tib ili ty  s e e m s  to be a  function  of bo th  w eigh t and  fe e d  in tak e  fio e 0 , 

in tak e  in c r e a s e s  a s  w eigh t in c r e a s e s )  and  r a th e r  s e r io u s  d ev ia tio n s  f ro m  

a  m e an  d ig e s tio n  c o e ffic ie n t m ay  o c c u r  in  a  d ig e s tio n  t r i a l  of ex ten d ed  

len g th .
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APPENDIX

EXPLANATIO N

D M Dig  

G E Dig  

Int

A ct Wt

M B S

Int adj A ct Wt 

Int adj M B S

x

y

D R 

S P

OF ABBREVIATIONS

= D ry m atter  d ig e s t ib ility  %

= G rose  en erg y  d ig e s t ib ility  %

= F e e d  in take kg  

= A ctu a l w eight kg

3
= M etabolic  body s iz e  (Wkg)

= Intake adjusted  for  ac tu a l w eight

= Intake ad ju sted  for  m eta b o lic  body  
s iz e

= a r ith m etic  m ean of 

= a r ith m etic  m ean of y^

3= dry r o lle d  

= s te a m  p r o c e s s e d
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T able 9. C a lcu la tion s of A dju stm ent of C o rre la tio n s  b etw een  D ig e st ib ility  
and Intake A dju sted  for  W eight. (E quation [ 6 ]  •  p . 17)

D ry m a tter  d ig e s t ib ility  and intake adjusted  fo r  actu a l w eigh t

r ,  - .2 1 7 6  -  ( .5 1 5 1 )  ( .3 3 2 7 )  = - .4 8 1 2

/ [ l  -  ( .  5 1 5 1 )  J  " [ l  -  ( . 3 3 2 7 )* ]’

G ro ss  en erg y  d ig e s t ib ility  and in take adjusted  for  a ctu a l w eight

1926 .  ( .5 8 4 0 )  ( .3 3 2 7 )
r y 1 o 2  = s  5054

/ [ l  -  ( .5 8 4 0 )2]  • [ l  -  ( .3 3 2 7 )Z] "

D ry m a tter  d ig e s t ib ility  and in take adjusted  for m eta b o lic  body s iz e  

ry l . 2 = - . 2 1 7 6  - ( . 5 1 6 5 )  ( .3 3 4 4 ,

/ [ l  -  ( .5 1 6 5 )2]  •  [l -  ( ,3 3 4 4 )2]  '

G ro ss  en erg y  d ig e s t ib ility  and in take ad ju sted  fo r  m eta b o lic  body s iz e

- .  1926 -  ( .5 8 6 9 )  ( .3 3 4 4 )  = - . 5 0 9 6
yl" 2

/ [ l  -  ( .5 8 6 9 )Z] * [ l  -  ( .3 3 4 4 )^
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T able 10. Sam ple C alcu la tion s o f F eed  Intake A djusted  fo r  A ctu al W eight 
(E quation [Q - p . 19)

F a t -m in e r a l study

X 6i = 5 . 7 2  -  , 0 0 8  (2 8 5 .7  -  3 5 9 .4 )  = 6 . 3 1  

M ilo study

x 6 i = 6 .3 9  -  . 0 0 2  (2 2 0 .5  « 2 9 0 . 7 )  = 6 . 5 0  

B a r ley  study

X 6i = 7 . 0 8  -  . 033 (3 2 5 . 7 -  304 . 1) = 6 . 36 

A lfa lfa  study

X 6i = 6 . 4 2  -  . 0 1 5  ( 2 4 2 . 6  -  2 3 9 . 9 )  = 6 . 3 8

T able 11. S am ple C a lcu la tion s of F e e d  Intake A dju sted  for  M etabolic  
B ody S iz e  (E quation  [8 ]  -  p. 19)

F a t -m in e r a l study

X ?i = 5 , 7 2  -  . 0 4 8  ( 6 9 . 4 9  -  8 2 . 3 1 )  = 6 . 3 4  

M ilo study

X ?i = 6 . 39 -  . 009 (57 . 22 -  7 0 . 20) = 6 . 51 

B a r ley  study

X ?i = 7 . 0 8  -  . 185 (7 6 . 67 -  72 . 70) = 6 . 35 

A lfa lfa  study

X ?i * 6 . 4 2  -  . 0 7 9  ( 6 1 . 4 7  -  6 0 . 9 2 )  = 6 . 3 8
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