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INTRODUCTION

The b e e f  in d u s tr y  today f a c e s  th e  c h a lle n g e  o f  produc­

in g  g r e a te r  q u a n t i t i e s  o f  e d ib le  p ro d u cts  more e c o n o m ic a lly  

and e f f i c i e n t l y .  One o f  th e  more c r i t i c a l  problem  a rea s  

w hich m ust be overcom e i s  th e  app arent i n e f f i c i e n c y  o f  fee d  

c o n v e r s io n  in t o  body w e ig h t g a in s . T h is i s  p a r t i c u la r ly  tr u e  

in  th e  f i n i s h in g  phase o f  p rodu cin g  b e e f ,  where i t  has been  

e s t im a te d  th a t  15%. to  25% o f  th e  in g e s te d  g r a in  i s  e x c r e te d  

u n d ig e ste d  in  th e  f e c e s .  Thus, th e  u lt im a te  g o a l o f  many 

r e se a r c h  e f f o r t s  in  rum inant n u t r i t io n  h as b een  to  improve 

th e  e f f i c i e n c y  o f  fe e d  u t i l i z a t i o n .  These in v e s t ig a t io n s  

have covered  a broad spectrum  o f  a c t i v i t i e s ;  such as im prov­

in g  n u t r ie n t  d i g e s t i b i l i t y ,  in c r e a s in g  fee d  in ta k e ,  a l t e r in g  

rumen fe r m e n ta tio n  or a l t e r in g  t i s s u e  m etab o lism  o f  th e  an­

im a l.

S in c e  c e r e a l  g r a in s  r e p r e se n t  th e  m ajor p o r t io n  o f  th e  

fe e d  consumed d u r in g  th e  f in i s h in g  p h a se , i t  i s  n o t  s u r p r is ­

in g  to  f in d  c o n s id e r a b le  em phasis p la ced  on th e  n u tr ie n t  com­

b in a t io n s ,  fe e d  a d d i t iv e s ,  management and p r o c e s s in g  te c h ­

n iq u e s  th a t  would enhance th e  u t i l i z a t i o n  o f  g r a in s .  Steam  

p r o c e s s in g  o f  c e r e a l  g r a in s  has been  an a ttem p t to  improve 

th e  u t i l i z a t i o n  o f  th e s e  g r a in s  by  c a t t l e .  A com b ination  o f  

h e a t ,  m o is tu r e , p r e ssu r e  and m ech an ica l sh ea r  c a u se s  a rup­

tu r e  o f  th e  s ta r c h  g ra n u le  and i s  d e f in e d  a s g e la t i n i z a t i o n  

(S m ith , 1 9 5 9 ) . G e la t in iz e d  s ta r c h  has been  shown to  cau se  

a l t e r a t io n s  in  th e  rumen m ic r o b ia l fe r m e n ta tio n  p a tte r n  b e -
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2

c a u se  o f  in c r e a se d  s u s c e p t i b i l i t y  o f  th e  s ta r c h  g r a n u le  to  

en zym atic  a t ta c k . The d i f f e r e n c e s  in  th e  d eg ree  and s e v e r ­

i t y  o f  g e l a t i n i z a t i o n  w hich  govern s th e  r a t e ,  e x te n t  and end 

p ro d u cts  o f  d ig e s t io n  may be th e  r ea so n  fo r  th e  i n c o n s i s t ­

ency  o f  th e  anim al perform ance d a ta  in  th e  l i t e r a t u r e .

G e n e r a lly , th e r e  i s  a rap id  in c r e a s e  in  l a c t i c  a c id  con­

c e n tr a t io n  and s h i f t s  in  th e  p r o p o r tio n s  o f  v o l a t i l e  f a t t y  

a c id s  in  th e  rumen when g e la t in iz e d  s ta r c h  i s  fed  to  rumin­

a n t s .  These changes in d ic a t e  e i t h e r  a change in  th e  r a t e  or  

p a tte r n  o f  m ic r o b ia l fe r m e n ta t io n . O ften  tim es how ever, fe e d  

consum ption i s  reduced  and body w e ig h t g a in s  are  d e p r e s se d ,  

in d ic a t in g  th a t  th e  q u a l i t y  c o n tr o l  on th e  d eg ree  o f  g e l a t i n ­

i z a t i o n  may be im p ortan t in  p r o c e s s in g .

S u f f i c i e n t  d a ta  have b een  r ep o rted  w hich in d ic a t e s  an in ­

t e r r e la t io n s h ip  betw een  p r o te in  and en ergy  components in  th e  

r a t io n .  The d e g r e e  to  w hich  th e  ob served  a l t e r e d  rumen ferm ­

e n ta t io n  a r i s in g  from fe e d in g  g e la t in i z e d  c o m  may in f lu e n c e  

n itr o g e n  u t i l i z a t i o n  i s  n o t  f u l l y  known a t  th e  p r e s e n t  t im e . 

D ata have been  r ep o r te d  w hich would in d ic a t e  th a t  n itr o g e n  

u t i l i z a t i o n  i s  in f lu e n c e d  by  th e  p r e se n c e  o f  l a c t i c  a c id  in  

th e  rumen. I t  i s  a l s o  p o s s ib le  th a t  d a ta  r ep o rted  in  th e  

p a s t  may have been  in f lu e n c e d  by  fe e d in g  m ethods a s  w e l l  a s  

n u t r ie n t  c o m b in a tio n s .

B e fo re  th e  v a lu e  o f  f e e d in g  g e la t in i z e d  c o m  to  rumin­

a n ts  can a c c u r a te ly  b e  a s s e s s e d ,  i t  i s  n e c e s s a r y  to  d e term in e  

i f  th e  so u rce  o f  su p p lem en ta l p r o te in  in f lu e n c e s  anim al p e r -
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4

REVIEW OF LITERATURE

I n f lu e n c e  o f  P ro c essed  G rains on Anim al Perform ance  

and Rumen F erm en ta tion

C erea l g r a in s  have been  su b je c te d  to  v a r io u s  ty p e s  and 

d e g r e e s  o f  p r o c e s s in g  through out th e  y e a r s . The p r o c e s s in g  

o f  c e r e a l  g r a in s  h as em ployed m ech an ica l r e sh a p in g , h e a t ,  

m o is tu r e  and p r e ssu r e  b o th  s in g u la r ly  and in  v a r io u s  com bina­

t i o n s .  The u lt im a te  g o a l o f  th e s e  e f f o r t s  h as b een  to  im­

prove th e  e f f i c i e n c y  o f  fe e d  c o n v e r s io n , l i v e  w e ig h t g a in s  or  

b o th . In  g e n e r a l th e  im provem ent o b ta in ed  by p r o c e s s in g  

g r a in s  would appear to  l i e  in  any one or a com b in ation  o f  th e  

f o l lo w in g  th r e e  a r e a s ;  (1 ) in c r e a s in g  th e  d i g e s t i b i l i t y  o f  

th e  n u t r ie n t s  in  th e  g r a in s ,  (2 ) a l t e r in g  m ic r o b ia l ferm en ta ­

t io n  to  o b ta in  more e f f i c i e n t  f e e d s t u f f  d e g r a d a tio n  and an 

end p rod u ct th a t  i s  more e f f i c i e n t l y  u t i l i z e d  a t  th e  t i s s u e  

l e v e l ,  and (3 ) in c r e a s in g  fe e d  consum ption and a c c e p t a b i l i t y .  

The p o s s i b i l i t y  th a t  method o f  p r o c e s s in g  may c a u se  d e ­

p r e sse d  anim al perform ance by  a l t e r in g  th e  above m entioned  

f a c t o r s  m ust a l s o  be c o n s id e r e d .

I n f lu e n c e  o f  P ro c essed  G rains on Animal P erform ance

The i n i t i a l  work c o n cern in g  th e  in f lu e n c e  o f  h e a t  p ro c ­

e s se d  g r a in  on anim al perform ance was rep o r ted  by P h i l l ip s o n  

(1 9 5 2 ) . Body w e ig h t g a in s  w ere s im i la r  and th e  e f f i c i e n c y  o f  

fe e d  c o n v e r s io n  by lam bs was improved by  fe e d in g  f la k e d  m a ize . 

More r e c e n t l y ,  Newland e t  j t l .  (1962) r e p o r ted  th e  e f f e c t s  o f
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5

fo u r  k in d s  o f  p r o c e sse d  c o m  ( p e l l e t e d ,  f la k e d ,  crumbled and 

a c o m iie r c ia lly  h ea ted  so u rc e  o f  c o m )  f o r  b o th  sh eep  and c a t ­

t l e .  Body w e ig h t g a in s  were n o t  s i g n i f i c a n t l y  im proved by  

any o f  th e  p r o c e s s in g  m ethods. However, th e  e f f i c i e n c y  o f  

fe e a  c o n v e r s io n  was improved by 8%, 12%, 7% and 16% by th e  

p e l l e t e d ,  f la k e d ,  crumbled and co m m erc ia lly  h ea ted  c o m , r e ­

s p e c t i v e l y .

L i t t l e  £ t  a l .  (1962) rep o r ted  th a t  s t e e r s  r e c e iv in g  

f la k e d  g r a in  w ere 7% more e f f i c i e n t  than s t e e r s  r e c e iv in g  

ground g r a in  a lth o u g h  a v era g e  d a i l y  g a in  was o n ly  s l i g h t l y  

im proved. S im ila r  r e s u l t s  were r ep o rted  by M atsushima e t  a l . 

(1965 ) w hich d em on strated  th a t  th e  e f f i c i e n c y  o f  fe e d  u t i l ­

i z a t i o n  was im proved 10% and fe e d  consum ption  d e p r e sse d  6% 

fo r  th e  s t e e r s  fed  f la k e d  corn  a s  compared to  d ry  r o l l e d  

g r a in . A verage d a i l y  g a in  was s im i la r  f o r  b o th  groups o f  

c a t t l e .

H en tges e t  a l .  (1962) rep o r ted  th a t  f e e d in g  steam  r o l l e d  

c o m  r e s u l t e d  in  a 7% im provem ent in  a v era g e  d a i l y  g a in  and 

in c r e a se d  th e  e f f i c i e n c y  o f  fee d  c o n v e r s io n  by 14% a s  compar­

ed to  crack ed  and ground c o m . T h is a g r e e s  w ith  th e  e a r l i e r  

work r e p o r ted  by Shaw e t  a l .  (1960) in  w hich c a t t l e  fe d  p e l ­

l e t e d  hay and steam  f la k e d  c o m  g a in ed  .2  k g . more p er  day  

and r eq u ire d  7 7 .7  k g . l e s s  fe e d  p er  hundred k g . o f  body 

w e ig h t  g a in s  a s  compared to  an im als fed  lo n g  hay and ground  

c o m .
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6

P r e s to n  and P fander (1961) fed  lambs e i t h e r  steam  f la k e d ,  

steam  c ra c k e d , cracked or p e l le t e d  c o m  in  a f i n i s h in g  r a t io n .  

F eed in g  th e  steam  cracked  c o m  r e s u lt e d  in  an in c r e a se d  a v e r ­

age d a i l y  g a in  and improved th e  e f f i c i e n c y  o f  fe e d  u t i l i z a ­

t io n .  T h is a g r e e s  w ith  l a t e r  work r ep o rted  by Karr j2 t  a l . 

(1963 ) in  w hich r e g u la r  c ra c k e d , steam  cracked and w ater  

soaked c o m  w ere compared when fed  to  su c k lin g  lam bs. The 

lam bs r e c e iv in g  soaked c o m  g a in ed  s i g n i f i c a n t l y  more than  

th o s e  fed  r e g u la r  cracked  c o m . However, th e  e f f i c i e n c y  o f  

fe e d  c o n v e r s io n  favored  th e  lambs fed  steam  cracked  corn .

In  a 54 day a c c e p t a b i l i t y  s tu d y , lambs consumed 1 2 .8  tim es  

more steam  cracked  c o m  than  r e g u la r  cracked c o m .

A r n e tt  and B ra d ley  (1960) rep o rted  in c r e a se d  g a in s  and 

im proved fe e d  c o n v e r s io n  when s t e e r s  were fed  f la k e d  c o m .  

More r e c e n t ly ,  Osman (1966) and Matshushima and Montgomery

(1967 ) rep o r ted  th a t  in  v i t r o  d ig e s t io n  and anim al perform ­

a n c e , r e s p e c t i v e l y ,  w ere im proved by th e  q u a l i t y  o f  th e  

f la k e  produced . The th in n e r  f la k e s  produced th e  m ost im­

provem ent in  th e  param eters m easured. H aen le in  e t  a l .

(1962) rep o r ted  th e  r e s u l t s  o f  a com parison betw een p e l l e t ­

in g  th e  com p lete  r a t io n ,  expand ing  th e  g r a in  m ix tu re  (507, 

y e llo w  corn  and 50% raw soyb ean s) and fe e d in g  th e  g r a in  

m ix tu r e  in  ground form  to  G uernsey h e i f e r s .  D a i ly  w e ig h t  

g a in s  in  k g . were .7 6 ,  . 6 7 ,  and .5 4  r e s p e c t iv e ly ,  f o r  th e  an­

im a ls  r e c e iv in g  r a t io n s  c o n ta in in g  expanded c o m , ground 

c o m  and a com p lete  p e l l e t e d  r a t io n .  A lso  ad l ib itu m  fee d
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7

consum ption r a t e s  in  k g . were 4 .1 6 ,  3 .9 3  and 2„96 r e s p e c t i v e l y ,  

fo r  th e  c a t t l e  fed  th e  th r e e  ty p e s  o f  r a t io n s .

In c o n tr a s t  to  th e s e  r e p o r t s ,  Thompson j | t  a il. (1964)  

rep o rted  l i t t l e  or  no improvement in  anim al perform ance  

when s t e e r s  w ere fed  steam  p r o c e sse d  c o m . D eB ie (1964) and 

W ilson  (1967) r e p o r ted  th a t  f e e d in g  a f i n i s h in g  r a t io n  con­

ta in in g  g e la t in i z e d  c o m  r e s u lt e d  in  a s i g n i f i c a n t  r e d u c tio n  

in  body w e ig h t g a in s ,  e f f i c i e n c y  o f  fe e d  u t i l i z a t i o n  and fee d  

consum ption by c a t t l e .

Hayer e t  _al. (1961) and R a ls to n  e t  ja l. (1963) rep o rted  

no improvement in  a v era g e  d a i l y  g a in  or  e f f i c i e n c y  o f  fe e d  

c o n v e r s io n  from fe e d in g  c a t t l e  steam  r o l l e d  b a r le y  a s  com­

pared to  d ry  r o l l e d  b a r le y .  In  c o n t r a s t ,  Thomas and Myers 

(1961) rep o r ted  an in c r e a s e  in  average  d a i l y  g a in  when f i n i s h ­

in g  s t e e r s  w ere fed  steam  r o l l e d  b a r le y .  More r e c e n t ly  H ale  

e t  a l . (1964) r e p o r ted  th a t  steam  r o l l e d  b a r le y  in c r e a se d  

th e  d a i l y  g a in  and e f f i c i e n c y  o f  fe e d  c o n v e r s io n  o f  c a t t l e  

by 9% and 1170, r e s p e c t iv e ly  o v er  d ry  r o l l e d  b a r le y .  These  

w orkers a l s o  rep o r ted  th a t  fe e d  consum ption was s im ila r  fo r  

c a t t l e  fe d  b o th  r a t io n s .  P a r r o tt  e t  ja l0 (1967) rep o rted  th a t  

th e  d i g e s t i b i l i t y  o f  th e  proxim ate f r a c t io n s  o f  b a r le y  was 

n o t  improved by steam  p r o c e s s in g  and f la k in g .  These w orkers 

a ls o  r e p o r ted  th a t  n i t r o g e n - f r e e  e x tr a c t  d i g e s t i b i l i t y  was 

improved by  steam  f la k in g  m ilo  p r io r  to  f e e d in g .

Pope £ t  a l B (1 9 6 1 , 1962) rep o r ted  no s i g n i f i c a n t  im­

provem ent in  anim al perform ance by fe e d in g  steam  r o l le d

R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.

 
 
 
 

 
 
 

PREVIE
W



8

m ilo  v e r su s  ground m ilo . Drake e t  a l ,  (1967) fed  graded  

l e v e l s  o f  g e la t in iz e d  sorghum g r a in  to  e i t h e r  in d iv id u a l ly  or  

group fed  s t e e r s .  L i t t l e  v a r ia t io n  in  fe e d  consum ption  was 

ob served  betw een th e  tr e a tm e n ts . D a i ly  g a in  and e f f i c i e n c y  

o f  fee d  u t i l i z a t i o n  were in c o n s i s t e n t .  There appeared to  be  

no improvement in  anim al perform ance by in c lu d in g  any l e v e l  

o f  g e la t in iz e d  sorghum in  th e  r a t io n .  M enzier _et a l ,  (1963-  

6 4 a , 1963-64b ) , r ep o rted  th a t  r a t io n s  c o n ta in in g  55%> a l f a l f a  

and 35% sorghum g r a in  w hich had been  su b je c te d  to  v a r io u s  

s i z e s  o f  g r in d , h e a t in g  tem p era tu res and fed  to  lam bs in  

various^ p h y s ic a l  form s r e s u lt e d  in  no d i f f e r e n c e s  in  e i t h e r  

body w e ig h t g a in s  or e f f i c i e n c y  o f  fee d  c o n v e r s io n . Improve­

ment in  body w e ig h t g a in s ,  e f f i c i e n c y  o f  fe e d  u t i l i z a t i o n  

or  b oth  fo r  s t e e r s  fed  steam  p r o c essed  m ilo  have been rep o rted  

by H ale and T aylor (1 9 6 5 ) , H ale e t  a l .  (1 9 6 5 , 1966) and 

P a r r o tt  e t  <a l .  (1 9 6 7 ) .

Influence of Processed Grains on Rumen Fermentation

The i n i t i a l  work co n cern in g  th e  in f lu e n c e  o f  p r o c essed  

g r a in s  on rumen fe r m e n ta tio n  was r ep o rted  by P h i l l ip s o n  

(1 9 5 2 ) . F laked g r a in  was ob served  to  red u ce  th e  c o n c e n tr a ­

t io n  o f  a c e t a t e  and in c r e a s e  th e  c o n c e n tr a t io n  o f  p r o p io n a te  

in  th e  rumen. These r e s u l t s  were l a t e r  confirm ed  by Shaw 

jet ja l. (1 9 6 0 ) , Newland ed: a l ,  (1962) and W ilson  (1 9 6 7 ) .  

P h i l l ip s o n  (1952) a l s o  rep o r ted  th a t  f la k e d  m aize r e s u lt e d  in  

an e le v a te d  l a c t i c  a c id  c o n c e n tr a t io n  in  th e  rumen. S im ila r
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r e s u l t s  have more r e c e n t ly  been rep o r ted  by D eB ie (1964)  

and W ilson  (1 9 6 7 ) .

Rhodes and Woods (1961) r ep o rted  th a t  f e e d in g  lambs a 

p e l le t e d  r a t io n  (composed o f  67% c o n c e n tr a te )  a s  compared to  

a m eal form r e s u lt e d  in  a narrowed rum inal a c e t a t e  to  p ro­

p io n a te  r a t i o .  T o ta l v o l a t i l e  f a t t y  a c id  l e v e l s  and rumen 

pH w ere n o t  c o n s i s t e n t l y  in f lu e n c e d  by tr e a tm e n t. The d a ta  

a l s o  in d ic a te d  th a t  f i s t u l a t e d  lambs d id  n o t  e x h ib i t  a s  p ro ­

nounced a r e sp o n se  from trea tm en t as d id  th e  i n t a c t  lam bs. 

L uth er and T ren k le  (1963) a l s o  d em on strated  th a t  p e l l e t i n g  

th e  c o n c e n tr a te  p o r t io n  o f  th e  r a t io n  r e s u l t e d  in  a narrowed  

a c e t a t e  to  p r o p io n a te  r a t i o ,  r e g a r d le s s  o f  c o n c e n tr a te  l e v e l .  

T h is was in  c o n tr a s t  to  th e  work r e p o r ted  e a r l i e r  by Woods 

and L uther (1962) w hich d id  n o t  d em o n stra te  any a l t e r a t io n  

in  th e  p a t te r n  o f  rumen fe r m e n ta t io n . W ilson  (1967) rep o r ted  

a narrow er a c e t a t e  to  p r o p io n a te  r a t i o  when g e la t in iz e d  corn  

was in c lu d e d  in  th e  r a t io n .  H igher c o n c e n tr a t io n s  o f  b u ty -  

r a te  w ere found in  th e  rumen c o n te n ts  from  an im als r e c e iv in g  

g e la t i n i z e d  c o m . The rum inal l a c t i c  a c id  l e v e l s  were r e ­

p o r ted  to  b e  h ig h  in  th e  s t e e r s  fed  g e la t in i z e d  corn and i t  

was ob served  th a t  th e s e  l e v e l s  w ere d ep en d en t on th e  l e v e l  o f  

g e la t in i z e d  c o m  fe d . I t  was a l s o  n o ted  th a t  c o a r se  g e la ­

t in i z e d  c o m  r e s u lt e d  in  h ig h e r  rum inal l a c t a t e  l e v e l s  than  

f i n e  g e la t in i z e d  corn . Jtn v i t r o  fe r m e n ta t io n  d a ta  d id  n o t  

s u b s t a n t ia t e  th e s e  f in d in g s ,  how ever.
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In c o n tr a s t  how ever, Johnson e t  _al. (1968) were u n ab le  

to  d em on stra te  any d i f f e r e n c e  in  m olar p e r c e n t  o f  th e  v o l ­

a t i l e  f a t t y  a c id s  in  th e  rumen c o n te n ts  o f  s t e e r s  fed  f la k e d  

corn  and cracked  c o m . L i t t l e  e t  _al. (1962) rep o r ted  a w id er  

a c e t a t e  to  p r o p io n a te  r a t i o  in  th e  rum inal c o n te n ts  a s  a r e ­

s u l t  o f  fe e d in g  f la k e d  corn as compared to  th e  ground co rn .

No d i f f e r e n c e s  b e c a u se  o f  th e  ty p e  o f  corn  fed  w ere n o ted  in  

b u ty r a te  l e v e l s .  These r e s u l t s  were confirm ed in  a l a t e r  

exp erim en t r ep o rted  by L i t t l e  e t  _al. (1 9 6 3 ) . I t  was ob served  

th a t  s t e e r s  fed  steam  r o l l e d  c o m  had a s i g n i f i c a n t l y  la r g e r  

m olar p e r c e n ta g e  o f  rum inal a c e t a t e  than s t e e r s  fed  e i t h e r  

p e l l e t e d  or d ry  f la k e d  c o m . The m olar p e r c e n ta g e  o f  rum inal 

p r o p io n a te  and th e  t o t a l  c o n c e n tr a t io n  o f  v o l a t i l e  f a t t y  a c id s  

d id  n o t  appear to  be in f lu e n c e d  by th e  ty p e  o f  corn  f e d .  The 

p r o p o r tio n  o f  b u ty r a te  was s i g n i f i c a n t l y  la r g e r  in  th e  rumen 

c o n te n ts  o f  an im als fe d  p e l l e t e d  c o m , a s  compared to  th e  

ground, f la k e d  or steam  r o l l e d .  D eB ie (1964) r e p o r ted  th e  

r e s u l t s  o f  _in v iv o  rumen fe r m e n ta tio n  t r i a l s  w hich in d ic a te d  

th a t  g e la t in iz e d  corn caused  a marked in c r e a s e  in  rum inal 

l a c t i c  a c id  l e v e l s .  A d e c r e a s e  in  th e  m olar p e r c e n t  p ro­

p io n a te  was a l s o  ob served  in  th e  rumen c o n te n ts  o f  s t e e r s  fed  

th e  g e la t in iz e d  c o m . Thompson _et a il. (1964) r e p o r ted  th a t  

th e  rumen c o n te n ts  o f  s t e e r s  fed  f la k e d  c o m  c o n ta in e d  s i g ­

n i f i c a n t l y  l e s s  t o t a l  v o l a t i l e  f a t t y  a c id s  than  s t e e r s  fed  

ground c o m  r a t io n s .
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G a r r e tt  £ t  a l . (1966) and G a rr e tt  jst a l .  (1967) have r e ­

p o rted  th a t  steam  p r e ssu r e  p r o c e s s in g  o f  m ilo  improved e f f i ­

c ie n c y  o f  fe e d  u t i l i z a t i o n  by 8%. I t  was d em onstrated  how­

e v e r  th a t  th e r e  i s  an optimum tim e -  p r e ssu r e  r e la t io n s h ip  

f o r  th e  c o o k in g  o f  b a r le y ,  c o m  and m ilo . T heir d a ta  sug­

g e s t s  th a t  h ig h e r  o r  low er  tim e -  p r e ssu r e  r e la t io n s h ip s  are  

l e s s  ad van tageou s than  th e  optimum and c a u se s  a d e p r e s s io n  

o f  body w e ig h t  g a in s  and r ed u ces  th e  e f f i c i e n c y  o f  fee d  con­

v e r s io n .  Thus, d i f f e r e n c e s  in  th e  g e la t i n i z a t i o n  o f  the  

s ta r c h  g r a n u le s  may e x p la in  th e  d i v e r s i t y  o f  r e s u l t s  ob­

ta in e d  w ith  h e a t  p r o c e sse d  g r a in s .  Sm ith (1959) d e f in e d  g e ­

l a t i n i z a t i o n  o f  s ta r c h  a s  th e  ru p tu re  o f  th e  s ta r c h  g r a n u le s  

b rou gh t ab ou t by  a com b in ation  o f  m o is tu r e , h e a t ,  p r e ssu r e  

and m ech a n ica l sh e a r . He a l s o  r ep o rted  g e la t i n i z a t i o n  v a lu e s  

from  11% to  49% fo r  p e l l e t e d  c o m , d ep en d in g  on th e  c o n d i­

t io n s  w h ile  p e l l e t i n g .  H a stin g s  and M il le r  (1961) rep o rted  

t h a t  p e l l e t e d  c o m ,  w hich  had p r e v io u s ly  been  steam  c o n d i­

t io n e d , had a h ig h e r  c o n c e n tr a t io n  o f  s o lu b le  su g a rs  and 

produced more g a s  when su b je c te d  to  B -am ylase than u n trea ted  

g r a in . Erwin (19 6 6 ) m easured th e  u t i l i z a t i o n  o f  cooked  

c e r e a l  g r a in s  by rumen m icroorgan ism s in  v i t r o  and found  

th e  d e g r e e  o f  g e l a t i n i z a t i o n  to  in f lu e n c e s  th e  r a te  o f  c a r ­

b oh yd ra te  u t i l i z a t i o n .  T re i j | t  a l .  (1966) r ep o rted  th a t  

steam  f la k in g  in c r e a se d  g a s  p ro d u ctio n  in  v i t r o . I t  was ob­

se r v e d , h ow ever, th a t  i f  th e  d e g r e e  o f  g e la t i n i z a t i o n  e x ceed ­

ed 30% to  40%, g a s  p r o d u ctio n  was n o t  in c r e a s e d . Woods
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(1968) has su g g ested  th a t  b o th  th e  p r o p o r tio n  o f  s ta r c h  gran­

u le s  ruptured and th e  s e v e r i t y  o f  ru p tu re  caused  by h e a t  p ro c ­

e s s in g  may in f lu e n c e  anim al perform ance and rumen fe r m e n ta t io n .

The r e s u l t s  o f  fe e d in g  h e a t  p r o c e sse d  c e r e a l  g r a in s  to  

-rum inants h as been r a th e r  v a r ia b le .  In c e r ta in  s t u d ie s  h e a t  

p r o c essed  g r a in s  have improved body w e ig h t g a in s  and th e  e f ­

f i c i e n c y  o f  fee d  u t i l i z a t i o n .  O ther s t u d ie s  have been  u n ab le  

to  d em on stra te  any b e n e f i c i a l  e f f e c t  on anim al perform ance a s  

a r e s u l t  o f  fe e d in g  h e a t  p r o c essed  g r a in . In some c a s e s ,  

f e e d in g  h e a t p r o c essed  g r a in  r e s u lt e d  in  d e p r e sse d  anim al p e r ­

form ance. The in f lu e n c e  o f  h e a t  p r o c e sse d  g r a in s  on r a t io n  

d i g e s t i b i l i t y  and rumen fe r m e n ta tio n  has a l s o  been  q u it e  v a r ­

i a b l e .  A com parison o f  th e  r e s u l t s  rep o rted  by d i f f e r e n t  

w orkers i s  co m p lica ted  by th e  d i f f e r e n t  ty p e s  o f  h e a t  p roc­

e s s in g  m ethods em ployed, th e  tim e su b je c te d  to  th e  p r o c e s s ,  

th e  d i f f e r e n c e s  in  th e  r e s u l t in g  p ro d u cts  and t h e i r  su b seq u en t  

e f f e c t  on anim al perform ance and rumen fe r m e n ta t io n . I t  would 

appear th a t  th e  v a r i a b i l i t y  o f  r e s u l t s  may b e due to  d i f f e r ­

e n c e s  in  th e  d e g r ee  and s e v e r i t y  o f  s ta r c h  g e l a t i n i z a t i o n ,  

w hich  i s  o b ta in ed  under v a r io u s  p r o c e s s in g  m ethods.
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The I n f lu e n c e  o f  L a c t ic  A cid  on th e  N u tr it io n  

and M etabolism  o f  Rum inants

I t  i s  w e l l  docum ented th a t  th e  rumen m ic r o b ia l  pop u la­

t io n  prod u ces v o l a t i l e  f a t t y  a c id s ,  a s  w e l l  a s  o th e r  end prod­

u c t s ,  and in te r m e d ia te s  d u rin g  th e  c o u r se  o f  carb oh yd rate  f e r ­

m en ta tio n . L a c t ic  a c id  has a l s o  been shown to  accu m u late  in  

th e  rumen c o n te n ts  fo l lo w in g  th e  in g e s t io n  o f  v a r io u s  fe e d ­

s t u f f  s ,  e s p e c i a l l y  th o se  th a t  prom ote a ra p id  r a te  o f  ferm en­

t a t io n .  F eed in g  p r o c e sse d  g r a in s  has been shown to  a l t e r  

rumen m ic r o b ia l fe r m e n ta tio n  and o f t e n  tim es  l a c t i c  a c id  h as  

b een  shown to  accu m u late  in  th e  rumen in g e s t a .  The in f lu e n c e  

o f  an a ccu m u la tio n  o f  l a c t i c  a c id  in  th e  rumen and th e  su b se ­

q u en t e f f e c t s  on rumen fe r m e n ta tio n  and an im al perform ance  

h as th e r e fo r e  been  co n sid er ed  r e le v a n t  to  th e  in v e s t ig a t io n s  

co n cern in g  p r o c e sse d  g r a in s .

L a c t ic  A cid  P ro d u ctio n  in  th e  Rumen

Woodman and Evans (1938) rep o r ted  a t r a n s i t o r y  accumu­

l a t i o n  o f  l a c t i c  a c id  d u r in g  th e  in  v i t r o  fe r m e n ta tio n  o f  g lu ­

c o se  by sh eep  rumen m icroorgan ism s. The ex p erim en ts a l s o  su g­

g e s te d  th a t  l a c t a t e  was fu r th e r  co n v er ted  to  v o l a t i l e  f a t t y  

a c id s  and g a se o u s  p ro d u cts  in  th e  rumen. T h is work was l a t e r  

confirm ed by P h i l l ip s o n  and M cAnally (1 9 4 2 ) . In  a d d it io n  to  

g lu c o s e ,  th e s e  w orkers rep o rted  th a t  f r u c t o s e  and cane sugar  

caused  an a ccu m u la tion  o f  l a c t i c  a c id  in  th e  rumen o f  sh eep . 

H owever, th e  fe r m e n ta tio n  o f  m a lto s e , l a c t o s e  and g a la c to s e
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d id  n o t  r e s u l t  in  l a c t i c  a c id  a ccu m u la tion  in  th e  rumen. The 

a u th o rs  su g g es ted  th a t  th e  su g a rs  w hich supp orted  rap id  rumen 

fe r m e n ta tio n  produced l a c t i c  a c id  and e v e n tu a l ly  v o l a t i l e  

f a t t y  a c id s .  These w orkers a l s o  r ep o rted  th a t  o c cu rren ce  o f  

l a c t i c  a c id  in  th e  rumen was t r a n s i t o r y  and under c o n d it io n s  

o f  h ig h  c o n c e n tr a t io n , sm a ll amounts appeared in  th e  abomasum.

E lsd en  (1945) n o ted  a s u b s t a n t ia l  in c r e a s e  in  rum inal 

l a c t i c  a c id  l e v e l s  when g lu c o s e  was ferm en ted . He a l s o  r e ­

p o rted  th a t  l a c t i c  a c id  l e v e l s  d e c r e a se d  and d isa p p ea red  ap­

p r o x im a te ly  th r e e  h ou rs a f t e r  th e  l a s t  d e t e c t a b le  amounts o f  

g lu c o s e  d isa p p ea r ed .

E a r l ie r  work rep o r ted  by P h i l l ip s o n  (1942) in d ic a te d  

th a t  when sheep  w ere fe d  m angolds and cab b age, l a c t i c  a c id  

accum ulated  in  th e  rumen in g e s t a .  The au th or  su g g e s te d  th a t  

th e  r a te  o f  rumen fe r m e n ta tio n  was d ep en d en t on th e  r a t io n  

consum ed. The m ost rap id  fe r m e n ta tio n  was ob served  when man­

g o ld s  and cabbage were fe d  w ith  rough age. When bran and o a ts  

c o n s t i t u t e d  th e  c o n c e n tr a te  p o r t io n  o f  th e  r a t io n ,  rumen f e r ­

m en ta tio n  was l e s s  ra p id  and roughage a lo n e  was ob served  to  

b e th e  l e a s t  r a p id . The rumen pH was low ered  a b r u p tly  w ith  

th e  p r o d u ctio n  and a ccu m u la tion  o f  l a c t i c  a c id .  L a ter  in ­

v e s t i g a t i o n s  by P h i l l ip s o n  (1952) d em onstrated  th a t  lambs 

fe d  f la k e d  m aize had an e x c e p t io n a l ly  low  rumen pH a s s o c i a t ­

ed w ith  an a ccu m u la tion  o f  l a c t i c  a c id . B a lch  and Rowland 

(1957 ) r ep o rted  l a c t a t e  l e v e l s  o f  90 -270  m g ./1 0 0  m l. in  th e  

rumen f l u i d  o f  cows fe d  h ig h  c o n c e n tr a te  r a t io n s  c o n ta in in g
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50% fla k e d  m a iz e , w h erea s, o n ly  a n e g l i g i b l e  amount was ob­

served  when cows w ere fed  th e  u n p rocessed  g r a in . S im ila r  

r e s u l t s  have been  rep o rted  by Bruno and Moore (1962) u t i l i z ­

in g  in  v i t r o  fe r m e n ta tio n  s t u d ie s .  A u to c la v in g  a l f a l f a  m eal 

g r e a t ly  in c r e a se d  th e  in  v i t r o  p r o d u ctio n  o f  l a c t i c  a c id  as  

compared to  u n tr e a te d  a l f a l f a  m eal.

Waldo and S c h u ltz  (1956) rep o r ted  th a t  f e e d in g  s i l a g e  to  

c a t t l e  r e s u l t e d  in  g r e a te r  rum inal l a c t i c  a c id  c o n c e n tr a t io n s  

than co u ld  b e  accou n ted  fo r  by th e  l a c t i c  a c id  c o n te n t  o f  

th e  s i l a g e .  They a l s o  rep o rted  th a t  w hole g r a in  caused  a 

s l i g h t  in c r e a s e  in  rumen l a c t i c  a c id  l e v e l s  o f  c a t t l e  when 

added to  a hay  r a t io n .  The peak c o n c e n tr a t io n  o f  l a c t i c  

a c id  was ob served  one h a l f  to  one hour a f t e r  fe e d in g  w h ile  th e  

a d d it io n  o f  w hole g r a in  to  an a l l  hay r a t io n  caused  th e  peak  

c o n c e n tr a t io n  o f  l a c t i c  a c id  to  appear e a r l i e r  a f t e r  f e e d in g .  

S ta rch  and c e l l u l o s e  were c o n sid er ed  a s  th e  m ajor p r e c u r se r s  

o f  th e  v o l a t i l e  f a t t y  a c id s  in  th e  rumen in g e s t a  o n ly  a f t e r  

th e y  had b een  su b je c te d  to  rumen fe r m e n ta t io n  fo r  s e v e r a l  

h o u rs . H iey a l s o  rep o r ted  th a t  l a c t i c  a c id  in fu se d  v ia  a 

rumen f i s t u l a  d isa p p ea red  more s lo w ly  than th e  l a c t i c  a c id  

formed from th e  in g e s t io n  o f  s i l a g e .  The t o t a l  exp erim en t 

a s r e p o r ted  d em o n stra te s  th a t  th e  r a te  o f  fe r m e n ta t io n , th e  

m ic r o b ia l m e ta b o lic  end p ro d u cts  o f  rumen fe r m e n ta tio n  and 

th e  d isa p p ea r a n c e  o f  th e s e  p ro d u cts  from  th e  rumen are  depend­

e n t on th e  r a t io n  consumed. S im ila r  r e s u l t s  have been  r e ­

p orted  by B r ig g s  _et _al. (1 9 5 7 ) . In  th e s e  ex p erim en ts lambs
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w ere fed  a r a t io n  o f  c h a ffe d  w heat and lu c e r n e  h ay . A h ig h  

p r o p o r tio n  o f  e i t h e r  w heat s ta r c h  or m o la sse s  was added to  

th e  r a t io n  b e fo r e  h ig h  c o n c e n tr a t io n s  o f  rum inal l a c t a t e  

ap p eared . A f te r  in c lu d in g  a sm a ll amount o f  s ta r c h  in  th e  

r a t io n  fo r  a few  w eek s, la r g e r  amounts o f  s ta r c h  than o r ig in ­

a l l y  used  w ere needed  to  o b ta in  th e  h ig h e r  c o n c e n tr a t io n s  o f  

rum inal l a c t i c  a c id .  Thus, th e s e  w orkers d em on strated  the  

a b i l i t y  o f  th e  m icroorgan ism s to  adapt to  th e  r a t io n  b e in g  

f e d . Chow and W alker (1 9 6 4 ) rep o r ted  th a t  sh eep  fed  wheat 

s ta r c h  had h ig h e r  rum inal l a c t i c  a c id  l e v e l s  and a low er  

rumen pH than sh eep  fe d  lu c e r n e  hay . The c o n c e n tr a t io n s  o f  

t o t a l  n i t r o g e n ,  p r o te in  n it r o g e n  and t o t a l  v o l a t i l e  f a t t y  

a c id s  in  th e  rumen c o n te n ts  w ere h ig h e r  and a s s o c ia t e d  w ith  

th e  r a t io n s  c a u s in g  h ig h e r  c o n c e n tr a t io n s  o f  l a c t i c  a c id .

R eid  et: _al. (1 9 5 7 ) fed  w heat s ta r c h  to  sh eep  and r e p o r t ­

ed h ig h  c o n c e n tr a t io n s  o f  rum inal l a c t i c  a c id  each  day  a f t e r  

f e e d in g .  Feed in ta k e  was v o lu n t a r i ly  reduced to  a l e v e l  

w hich  p rev en ted  l a c t i c  a c id  a ccu m u la tio n  in  th e  rumen. When 

rumen pH dropped b e low  5 . 0 - 5 . 5 ,  th e  m olar p e r c e n t  o f  p ro p io n ­

i c  and b u ty r ic  a c id s  d e c l in e d  r a p id ly  to  a s  low  a s  8% and 5%, 

r e s p e c t i v e l y .  Sheep fe d  a c o n t in u o u s ly  h ig h  l e v e l  o f  w heat 

s t a r c h  f o r  fo u r  w eeks e x h ib it e d  a marked in c r e a s e  in  m olar  

p e r c e n t  o f  p r o p io n ic  a c id  w h ile  b u t y r ic  a c id  l e v e l s  rem ained  

c o n s ta n t .  I n fu s io n  o f  a 10% s o lu t io n  o f  sodium  carb on ate  

a f t e r  in g e s t io n  o f  th e  s ta r c h  r a t io n  m a in ta in ed  rum inal pH a t  

5 .8  o r  above and p rev en ted  any a ccu m u la tion  o f  l a c t i c  a c id  in  

th e  rumen c o n te n t s .
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The In f lu e n c e  o f  L a c t ic  A cid on Feed In ta k e

Thomas e t  a l .  (1961) rep o rted  th a t  288 grams o f  l a c t i c  

a c id ,  p a r t i a l l y  n e u tr a l iz e d  to  pH 5 .0 ,  in tro d u ced  in t o  th e  

rumen o f  c a t t l e  p r io r  to  fe e d in g  d id  n o t  a l t e r  fe e d  in ta k e .  

However, 576 grams o f  l a c t i c  a c id  in  com b in ation  w ith  252 

grams o f  a c e t i c  a c id  d ecrea sed  th e  in ta k e  o f  hay by 20%. An 

a d d it io n a l  100 grams o f  p r o p io n ic  a c id  caused  a r e d u c tio n  in  

fee d  in ta k e  by 30%. Emery e t  a l .  (1961) ob served  a r e d u c tio n  

in  th e  v o lu n ta r y  in ta k e  o f  d ry  m a tter  a s  th e  amount o f  l a c t i c  

a c id  in g e s te d  w ith  th e  fee d  in c r e a s e d . T h is r e s u l t  was n o t  

o b ta in e d , how ever, when e i t h e r  th e  ca lc iu m  or  sodium s a l t s  

o f  l a c t i c  a c id  were u sed . S im ila r  r e s u l t s  have been rep o rted  

by Montgomery e t  a l .  (1 9 6 3 ) . L a c t ic  a c id  was in fu se d  in t o  

th e  rumen o f  cows a t  a r a te  o f  340 grams p er  681 k g . body 

w e ig h t. V olu n tary  in ta k e  o f  hay ( th e  o n ly  fe e d )  was reduced  

s l i g h t l y  under th e se  c o n d it io n s .  When th e  a c id  was p a r t i a l l y  

n e u tr a l iz e d  to  pH 5 .0  p r io r  to  in f u s io n  or  i f  th e  sodium  s a l t  

was in f u s e d ,  no change in  v o lu n ta r y  fe e d  in ta k e  was o b serv ed . 

S en e l and Owen (1966) rep o rted  th a t  sodium  and ca lc iu m  l a c ­

t a t e s  supplem ented to  p ro v id e  th e  e q u iv a le n t  o f  9% l a c t i c  

a c id  on a d ry  m a tter  b a s i s  r e s u lt e d  in  an in c r e a se d  d ry  mat­

t e r  in ta k e . In  c o n t r a s t ,  Johnson j2t  _al. (1962) rep o r ted  th a t  

th e  a d d it io n  o f  8% l a c t i c  a c id  to  a p u r i f ie d  r a t io n  fo r  s t e e r s  

d e c re a sed  d ry  m a tter  consum ption. When h a y , s i l a g e  and hay  

r a t io n s  w ere supplem ented w ith  9.8% l a c t i c  a c id ,  fe e d  in ta k e
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was n o t  s i g n i f i c a n t l y  d i f f e r e n t  from th e  unsupplem ented  

b a s a l  r a t io n  (E kem  and R e id , 1 9 6 3 ). D eB ie (1964) and W ilson

(1 9 6 7 ) r ep o rted  marked r e d u c tio n s  in  fee d  in ta k e  a s s o c ia t e d  

w ith  e x c e s s iv e ly  h ig h  rum inal l a c t i c  a c id  c o n d it io n s  when 

c a t t l e  were fed  g e la t in iz e d  corn .

The In f lu e n c e  o f  L a c t ic  A cid on Animal Perform ance  

and Rumen F erm en tation

K losterm an e t  a l .  (1961) r ep o rted  th a t  th e  a d d it io n  o f  

0.5% ground lim e s to n e  to  c o m  s i l a g e  a t  e n s i l i n g  tim e r e s u l t ­

ed in  a 78% in c r e a s e  in  l a c t i c  a c id  c o n te n t  o f  th e  s i l a g e .  

C a t t le  r e c e iv in g  th e  tr e a te d  s i l a g e  g a in ed  f a s t e r  and e x h ib ­

i t e d  an improved e f f i c i e n c y  o f  fe e d  u t i l i z a t i o n .  A d d it io n a l  

in v e s t ig a t io n  on th e  in f lu e n c e  o f  ad d in g  1% ground l im e s to n e  

and 6% w ater  to  40.6% m o istu r e  ear  c o m  a t  e n s i l i n g  tim e  

showed a 1257o in c r e a s e  in  l a c t i c  a c id  c o n te n t  above th a t  o f  

th e  u n tre a ted  s i l a g e .  These d a ta  tend to  in d ic a t e  th a t  th e  

in c r e a se d  l a c t i c  a c id  c o n te n t  o f  th e  s i l a g e  r e s u lt e d  in  im­

proved anim al p erform ance, th u s , in d ic a t in g  an in c r e a se d  

c a lo r i c  e f f i c i e n c y  o f  th e  s i l a g e  c o n ta in in g  h ig h e r  l e v e l s  o f  

l a c t i c  a c id .

Johnson ^ t  a l .  (1962) ob served  th a t  a p u r i f ie d  r a t io n  

c o n ta in in g  8.6% added l a c t i c  a c id  r e s u l t e d  in  in c r e a se d  body  

w e ig h t g a in s  and improved th e  e f f i c i e n c y  o f  fe e d  u t i l i z a t i o n  

a s  compared to  th e  b a s a l  r a t io n .  The fee d  rep la cem en t v a lu e  

o f  th e  added l a c t a t e  was c a lc u la te d  to  be 2 .8 8  tim es th a t  o f
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th e  b a s a l  p u r i f ie d  r a t io n .  H owever, when 4.37® l a c t a t e  was 

added to  th e  r a t io n  an in c r e a se d  fe e d  u t i l i z a t i o n  was n o t  ob­

se r v e d . L a c ta te  su p p lem en ta tio n  a l s o  in c r e a se d  r a t io n  d i g e s t ­

i b i l i t y .  T h is a g r e e s  w ith  e a r l i e r  work r ep o r ted  by B e n t le y  

e t  a l . (1956) w hich  in d ic a te d  th a t  c o m  s te e p -w a te r  (c o n ta in ­

in g  257o l a c t i c  a c id  on a dry m a tter  b a s i s )  im proved r a t io n  

d i g e s t i b i l i t y .  I t  was a l s o  r ep o r ted  th a t  f o r  th e  prom otion  

o f  w e ig h t g a in s ,  l a c t i c  a c id  was s u p e r io r  to  c o m  on an i s o ­

c a lo r ic  b a s i s ,  w h ile  a m ix tu re  o f  a c e t i c  and p r o p io n ic  a c id s  

was n o t  su p e r io r  to  c o m .

Emery e t  a l .  (1961) r ep o rted  th a t  l a c t i c  a c id  a d d it io n s  

to  g r a in  r a t io n s  fo r  grow ing d a ir y  h e i f e r s  d e p r e sse d  body  

w e ig h t g a in s  and fe e d  in ta k e . The e f f i c i e n c y  o f  fe e d  u t i l i ­

z a t io n  was im proved and d i r e c t l y  r e la t e d  to  th e  amount o f  

l a c t i c  a c id  consum ed. R a tio n  d i g e s t i b i l i t y  d id  n o t  appear to  

be a d v e r s e ly  a f f e c t e d  b y  l a c t a t e  su p p lem en ta tio n  w ith  th e  ex­

c e p t io n  o f  p r o t e in .  A s l i g h t ,  b u t n o n - s ig n i f i c a n t  improvement 

in  body w e ig h t  g a in s  and e f f i c i e n c y  o f  d ry  m a tter  u t i l i z a t i o n  

was r e p o r te d  b y  S en e l and Owen (1966) when th e y  supplem ented  

a sorghum s i l a g e  -  b e e t  pu lp  r a t io n  w ith  97o l a c t i c  a c id  on a 

d ry  m a tter  b a s i s .  The l a c t i c  a c id  su p p lem en ta tio n  r e s u lt e d  

in  a narrow er rum inal a c e t a t e  to  p r o p io n a te  r a t i o .

Ekera and R eid (1963) in v e s t ig a t e d  th e  en erg y  u t i l i z a t i o n  

and rum inal v o l a t i l e  f a t t y  a c id  p a t te r n s  o f  s t e e r s  fed  h a y , 

s i l a g e  or hay supplem ented w ith  l a c t i c  a c id .  There appeared  

to  be no d i f f e r e n c e s  among a n im a ls  in  regard  to  th e  amount
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