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WHgP ULTRAFILTRATI:ON PERWEATE PRODUCTS 
AS FKEDS FOR !3TBJBS 

D. J .  Schingoethe, D. G. Rol l ins ,  D. P. Casper 
and W .  J. Cos te l lo  

Departments of Dairy Science and Animal and Range Sciences 

Summary 

A f i e l d  t r i a l  experiment was conducted using 50 s t e e r s  t o  eva lua te  the  
feeding  va lue  of t h e  u l t r a f i l t r a t e d  permeate of whey (UFP) and products  made from 
a d d i t i o n a l  processing of UFP. A l l  s t e e r s  were fed  n u t r i t i o n a l l y  balanced g r a i n  
mixes and hay. Experimental d i e t s  were con t ro l  (C), i n  which t h e  g r a i n  m i x  
contained pr imar i ly  corn, o a t s  and soybean meal; UFP fed  a s  t h e  only l i q u i d ;  
p a r t i a l l y  fermented permeate (PFP), which contained 10% d r i e d  y e a s t  added t o  t h e  
u l t r a f i l t r a t e d  permeate, fed  a s  t h e  only source of l i q u i d ;  fermented ammoniated 
condensed permeate (FACP), which replaced soybean meal i n  t h e  g r a i n  m i x ;  and 
ammolac (AMM), FACP p lus  v i tamins  and minerals.  S t ee r s  f ed  C, FACP and AMM d i e t s  
had f r e e  choice access  t o  water.  The l i q u i d  UFP and PFP were r e a d i l y  consumed by 
s t e e r s  and suppl ied  4.8 l b  of dry ma t t e r  which replaced 5.3 l b  of gra in .  Weight 
ga ins ,  t o t a l  feed dry mat te r  consumption and feed  dry ma t t e r  per  weight ga in  were 
s i m i l a r  f o r  s t e e r s  fed  a l l  f i v e  d i e t s ,  i n d i c a t i n g  t h a t  a l l  four  of these  whey 
products  were u t i l i z e d  a s  w e l l  a s  more t r a d i t i o n a l  feeds.  The q u a l i t y  of 
ca rcas ses  from s t e e r s  fed  t h e  whey products  were a t  l e a s t  a s  good a s  and poss ib ly  
b e t t e r  than from s t e e r s  fed t h e  con t ro l  d i e t .  The feeding  of UFP o r  PFP would 
l i k e l y  be the  most economical a l t e r n a t i v e  f o r  feeding u l t r a f i l t r a t e d  permeate of 
whey. However, some concent ra t ing  of t he  permeate t o  inc rease  t h e  s o l i d s  content  
from t h e  p resen t  5.0 t o  5.5% s o l i d s  t o  g r e a t e r  than 10% s o l i d s  may allow UPF o r  
PFP t o  r ep lace  even more gra in .  

(Key Words: Whey, U l t r a f i l t r a t e d  Permeate, Liquid P ro te in  Supplements, s t e e r s . )  

In t roduc t ion  

Liquid whey, a by-product of cheese production, has been success fu l ly  fed t o  
c a t t l e  and hogs f o r  many years .  With t h e  advent of u l t r a f i l t r a t i o n  technology, 
many of t h e  whey p r o t e i n s  can be removed from t h e  whey t o  make whey p r o t e i n  
concent ra tes  f o r  use i n  human foods. This l eaves  an u l t r a f i l t r a t e d  permeate of 
whey (UFP) which con ta ins  5.0 t o  5.5% s o l i d s  v s  6 t o  7% s o l i d s  i n  whey, 2.5 t o  
3.0% of t h e  s o l i d s  (dry mat te r )  a s  crude p r o t e i n  v s  12 t o  14% i n  whey and most of 
t h e  minera ls  and l a c t o s e  which were i n  t h e  o r i g i n a l  whey. 

Limited r e sea rch  i s  a v a i l a b l e  t o  demonstrate t h e  s u i t a b i l i t y  of UFP a s  feed  
f o r  c a t t l e .  Also, s i n c e  UFP con ta ins  l e s s  s o l i d s  and p r o t e i n  than l i q u i d  whey, 
i t  i s  not  known i f  a d d i t i o n a l  processing o r  a d d i t i v e s  could e f f e c t i v e l y  improve 
t h e  feeding va lue  of UFP. Liquid p r o t e i n  supplements s i m i l a r  t o  products  
conta in ing  ammonium o r  urea  w i t h  molasses a r e  produced a s  fermented ammoniated 
condensed whey. It was n o t  known i f  s i m i l a r  products  could be  made using UFP a s  
t h e  s t a r t i n g  m a t e r i a l  i n  p lace  of whey. Thus, an experiment was conducted t o  



eva lua t e  UFP a s  a feed  a s  w e l l  a s  eva lua t e  products  produced by a d d i t i o n s  o r  
f u r t h e r  process ing  of t h e  UFP. 

Experimental Procedure 

U l t r a f i l t r a t e d  permeate of whey a s  w e l l  a s  t h r e e  products  r e s u l t i n g  from 
a d d i t i o n s  o r  a d d i t i o n a l  process ing  were w a l u a t e d  i n  a feeding  t r i a l  us ing  
s t e e r s .  The products  eva lua ted  were UFP; p a r t i a l l y  fermented permeate (PFP) ,  
which cons i s t ed  of UFP p l u s  d r i e d  yeast1 added a t  t h e  r a t e  of 10% of t r u e  s o l i d s  
conten t  of t h e  UFP t o  t h e  farm s t o r a g e  tank a t  t h e  time of UFP d e l i v e r y  t o  t h e  
farm; fermented ammoniated condensed permeate (FACP); and Ammolac (AMM), 
fermented ammoniated condensed permeate p l u s  v i tamin  and minera l  add i t i ons .  

This  r e sea rch  was conducted a s  a f i e l d  t r i a l  a t  a farm near  Pol lock i n  n o r t h  
c e n t r a l  South Dakota. The f a c i l i t i e s  d id  no t  a l low u s  t o  o b t a i n  i n d i v i d u a l  
i n t a k e s  of g r a i n  o r  hay but  served a s  a r e a l i s t i c  s e t t i n g  f o r  ob ta in ing  animal 
performance d a t a  dur ing  t h e  w i n t e r  under p r a c t i c a l  farm condi t ions .  The l o t s  
were open w i t h  wind p r o t e c t i o n  from t h e  northwest provided by a 10-foot h igh  
board fence.  

F i f t y  Ho l s t e in  s t e e r s  weighing 546 t o  966 l b  (average 755 l b )  were blocked 
i n t o  groups of f i v e  by weight and one s t e e r  from each of t h e  t e n  blocks randomly 
ass igned  t o  one of f i v e  experimental d i e t  groups. Experimental groups were 
c o n t r o l  (C),  UFP, PFP, FACP and AMM. A l l  s t e e r s  were f ed  g r a s s  hay and an 
appropr i a t e  g r a i n  m i x  f r e e  choice.  Several  ba tches  of g r a s s  hay were used 
throughout t h e  t r i a l ,  bu t  a l l  d i e t a r y  t rea tment  groups of s t e e r s  rece ived  hay 
from t h e  same b a t c h  a t  any one time. S t e e r s  i n  t h e  UFP and PFP groups a l s o  
rece ived  those  l i q u i d s  a s  t h e i r  only source of l i q u i d  v i a  wa te re r  systems which 
were heated t o  about 50 t o  550 F t o  p r w e n t  f r eez ing ,  whereas s t e e r s  i n  t h e  o t h e r  
groups rece ived  wa te r  v i a  s i m i l a r  waterers .  

The g r a i n  mixes ( t a b l e  1 )  were formulated s o  t h a t  t h e  t o t a l  d i e t  dry ma t t e r  
conten t  met o r  exceeded n u t r i e n t  requirements f o r  s t e e r s  weighing 700 t o  1300 l b .  
The amount of o a t s  i n  t h e  g r a i n  mixes v a r i e d  s o  t h a t  es t imated  f i b e r  conten t  of 
t o t a l  d i e t s  would remain r a t h e r  cons tan t .  Dicalcium phosphate, t r a c e  minera l  
s a l t  and v i t amin  a d d i t i v e s  v a r i e d  t o  main ta in  e s s e n t i a l l y  equal  t o t a l  d i e t  
composition f o r  calcium, phosphorus, t r a c e  minera ls  and f a t  s o l u b l e  v i tamins .  
Soybean meal was rep laced  by FACP o r  AMM i n  those g r a i n  mixes. 

The u l t r a f i l t r a t e d  permeate of whey was de l ive red  t o  t h e  farm every o t h e r  
day and s t o r e d  i n  bulk tanks i n  an i n s u l a t e d  room. Addi t iona l  hea t  was provided 
t o  t h e  room a s  needed wi th  a Nipco h e a t e r  t o  prevent  f r eez ing .  Each l i q u i d  
product ( i . e . ,  UFP o r  PFP) was de l ive red  from t h e  tank t o  t h e  wa te re r  (R i t ch i e  
i n s u l a t e d )  w i th  t h e  a i d  of a mobile home type pump. 

S t e e r s  were adapted t o  t h e i r  d i e t s  over  a per iod  of approximately a month. 
Liquid  permeate products  were blended w i t h  wa te r  i n  i nc reas ing  p ropor t ions  of 
permeate dur ing  t h i s  a d a p t a t i o n  period.  A l l  s t e e r s  were adapted t o  d i e t s  p r i o r  
t o  i n i t i a t i o n  of t h e  experimental  per iod  on December 5 ,  1985. The growth t r i a l  
cont inued f o r  17 weeks (119 days) u n t i l  Apr i l  3 ,  1986. S t e e r s  were weighed t h e  
f i r s t  Thursday of each month. 

I ~ r o v e s t e e n - K  d r i e d  y e a s t .  



A t  t e r m i n a t i o n  of t h e  growth t r i a l ,  t h e  t e n  l i g h t e r  weigh t  s t e e r s  i n  t h e  C 
( 3 ) .  FACP (4)  and AMM (3) groups were s e p a r a t e d  ou t  t o  be  used i n  a  second t r i a l  
i n  which they  were  f e d  UFP concen t r a t ed  t o  10% o r  more s o l i d s .  Data on t h a t  
t r i a l  a r e  n o t  r e p o r t e d  he r e .  The remaining s t e e r s  were  k i l l e d  and c a r c a s s  
e v a l u a t i o n  d a t a  c o l l e c t e d .  

R e s u l t s  and Discuss ion  

The chemical composi t ion of g r a i n  mixes and hay a r e  l i s t e d  i n  t a b l e  2. 
Con t r i bu t i ons  from UFP and PFP a r e  no t  i nc luded  i n  t h i s  t a b l e .  The UFP averaged  
5.2% d r y  ma t t e r .  w h i l e  t h e  PFP averaged 5.7% d r y  ma t t e r .  P r o t e i n  c o n t e n t s  of t h e  
d ry  m a t t e r  i n  UFP and PFP were  3.8 and 8.2%, r e s p e c t i v e l y .  The FACP and AMM 
con t a ined  56.4 and 52.4% d r y  ma t t e r .  The crude p r o t e i n  c o n t e n t  i n  t h e  d r y  m a t t e r  
of each of t h e s e  p roduc t s  w a s  70.9 and 76.3%. r e s p e c t i v e l y .  which provided 40% 
crude  p r o t e i n  f o r  bo th  FACP and AMM on an as f e d  b a s i s .  

Weight g a i n s  and f e e d  i n t a k e  d a t a  are p rezcn t ed  i n  t a b l e  3 .  One s t e e r  i n  
t h e  UFP group d i e d  du r ing  t h e  p r e l im ina ry  pe r i od ,  appa ren t l y  from b l o a t  t h a t  
r e s u l t e d  from consuming a  l a r g e  amount of UFP du r ing  a  s h o r t  pe r i od  of t i m e .  The - 
wate r i ng  system appa ren t l y  had n o t  been working f o r  a  few hours  p r i o r  t o  t h e  t ime 
it w a s  r e p a i r e d  and t h i s  l a r g e  consumption occur red  s h o r t l y  a f t e r  t h e  r e p a i r .  
Th i s  po in t ed  o u t  t h e  importance of why we recommend t h a t  a  s t e ady  supply  of whey 
permeate o r  whey a s  w e l l  a s  hay b e  a v a i l a b l e  t o  an imals  a t  a l l  t imes.  

Weight g a i n s  were  s i m i l a r  (P>.05) f o r  steers on a l l  f i v e  d i e t s  th roughout  
t h e  119-day exper imenta l  pe r iod .  There appeared t o  be some d i f f e r e n c e s  i n  weigh t  
ga ins .  w i t h  s t e e r s  f e d  PFP having t h e  g r e a t e s t  g a i n s  and t hose  f e d  FACP having 
t h e  l e a s t  ga in s ,  b u t  t h e  i n d i v i d u a l  animal v a r i a t i o n  preven ted  u s  from d e t e c t i n g  
t h e s e  as s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  u s i n g  only 10 an imals  p e r  
t r e a tmen t .  Weight g a i n s  tended t o  be  g r e a t e s t  f o r  s t e e r s  f e d  UFP and PFP du r ing  
some earl ier  monthly p e r i o d s  ( d a t a  no t  shown), bu t  t h e s e  f l u c t u a t i o n s  may have 
been due t o  t h e  amount of g r a i n  o f f e r e d  t o  s t e e r s  on C, FACP and AMM d i e t s  which 
was less t h a n  they  may have consumed f r e e  cho ice .  Thus, d i e t s  c o n t a i n i n g  any of 
t h e  f o u r  whey permeate p roduc t s  suppor ted  a s  good weight  g a i n s  a s  t h e  
convent iona l  ( c o n t r o l )  d i e t .  Weight g a i n s  were q u i t e  r e s p e c t a b l e ,  c o n s i d e r i n g  
t h a t  t h e s e  s t e e r s  were housed i n  open l o t s  and du r ing  t h e  c o l d e s t  w i n t e r  weather .  

T o t a l  d ry  m a t t e r  i n t a k e  and i n t a k e / g a i n  were s i m i l a r  f o r  a l l  groups,  
a l though  group f e e d  i n t a k e s  d i d  n o t  a l low f o r  a s t a t i s t i c a l  e v a l u a t i o n  of  t h e s e  
parameters .  Hay consumption w a s  e s t ima t ed  each month as between 5  t o  1 0  l b  p e r  
head p e r  day. The l i q u i d  whey p roduc t s  were r e a d i l y  consumed and no o t h e r  b l o a t  
problems occu r r ed  throughout  t h e  t r i a l .  Attempts were made t o  a s s u r e  t h a t  a  
s t e ady  supply  of t h e  l i q u i d s  w e r e  always a v a i l a b l e .  L iqu id  consumption averaged 
92.0 and 83.7 l b  p e r  head p e r  day f o r  UFP and PFP, r e s p e c t i v e l y .  Consumption of 
d ry  m a t t e r  from UFP o r  PFP averaged 4.8 l b  p e r  head p e r  day f o r  t h e  e n t i r e  t r i a l .  
Thus, t h e  l i q u i d  whey permeate p roduc t s  r ep l aced  5.0 t o  5.5 l b  of g r a i n  (90% d ry  
m a t t e r )  p e r  head d a i l y .  

Consumption of t h e  l i q u i d  permeate p roduc t s  (UFP and PFP) w a s  s l i g h t l y  
g r e a t e r  du r ing  t h e  f i r s t  month (about  6  I b  of dry m a t t e r  p e r  day) b u t  d e c l i n e d  
s l i g h t l y  a s  t h e  t r i a l  progressed  t o  about  4  l b  p e r  day t h e  las t  month. Why t h i s  
d e c l i n e  occur red  i s  n o t  known, bu t  t h e  s t e e r s  were  consuming more than  enough 
l i q u i d  t o  meet t h e i r  needs f o r  wate r .  I f  t h e s e  p roduc t s  were f e d  du r ing  h o t  
wea ther  which would i n c r e a s e  w a t e r  requirements ,  it i s  n o t  known i f  t o t a l  



consumption of UFP o r  PFP would b e  g r e a t e r  t h a n  observed i n  t h i s  exper iment .  
Canadian s t u d i e s  w i t h  l i q u i d  whey f e e d i n g  i n d i c a t e d  t h a t  consumption of l i q u i d  
may b e  t w i c e  as g r e a t  i n  summer as i n  w i n t e r .  

Carcass  e v a l u a t i o n  d a t a  a r e  p r e s e n t e d  i n  t a b l e  4. Data i n  p a r e n t h e s e s  f o r  
UFP and PFP e x c l u d e  d a t a  from t h e  t h r e e  l i g h t e s t  we igh t  s t e e r s  i n  e a c h  of t h o s e  
groups .  T h i s  comparison w a s  made i n  t h e  w e n t  t h a t  i n c l u d i n g  d a t a  from a l l  
s t e e r s  f e d  UFP and PFP d i e t s ,  whereas d a t a  f o r  t h e  o t h e r  d i e t s  exc luded  t h e  
s m a l l e s t  s t e e r s  because  t h e y  were  h e l d  back from market,  may have b i a s e d  t h e  
d a t a .  A l l  c a r c a s s  e v a l u a t i o n  paramete rs  measured were  similar f o r  s t e e r s  i n  a l l  
g roups ,  c o n s i d e r i n g  t h e  s t a t i s t i c a l  p r e c i s i o n  f o r  t h e  number of a n i m a l s  i n v o l v e d  
i n  t h i s  t r i a l .  E l i m i n a t i n g  d a t a  from t h e  s m a l l e s t  steers i n  t h e  UFP and PFP 
d i d n ' t  g r e a t l y  a l t e r  t h e  v a l u e s  f o r  t h o s e  groups.  Carcass  q u a l i t y  of s t e e r s  f e d  
whey permeate  p r o d u c t s ,  e s p e c i a l l y  UFP o r  PFP, was a t  l e a s t  as good as and 
p o s s i b l y  s l i g h t l y  b e t t e r  t h a n  c a r c a s s  q u a l i t y  f o r  s t e e r s  f e d  t h e  t r a d i t i o n a l  
c o n t r o l  d i e t  . 

We are n o t  a t t e m p t i n g  t o  make a n  economic e v a l u a t i o n  i n  t h i s  r e p o r t  b u t  t h a t  
c a n  b e  done by a p p l y i n g  a p p r o p r i a t e  d o l l a r  v a l u e s  t o  v a r i o u s  f e e d  i n g r e d i e n t s ,  
l a b o r  and o t h e r  i n p u t s  concerned w i t h  when f e e d i n g  c a t t l e .  However, t h e r e  a r e  
some i t e m s  mentioned below which may m e r i t  c o n s i d e r a t i o n .  

It i s  d i f f i c u l t  t o  p l a c e  a d o l l a r  v a l u e  on t h e  UFP, s i n c e  f o r  some cheese  
p l a n t s  p a r t i c u l a r l y  small p l a n t s  w i t h o u t  whey d r y i n g  f a c i l i t i e s ,  t h e  c o s t  of 
d i s p o s a l  may b e  t h e  d o l l a r  v a l u e  f o r  comparison. Such p l a n t s  may p r o v i d e  t h e  UFP 
t o  c a t t l e  f e e d e r s  f o r  t h e  c o s t  of h a u l i n g  w i t h  l i t t l e  o r  no a d d i t i o n a l  c h a r g e s .  
L i q u i d  p r o t e i n  supplements  such  a s  FACP and AMM would l i k e l y  b e  p r i c e d  
c o m p e t i t i v e l y  w i t h  o t h e r  l i q u i d  p r o t e i n  supplements  of similar c r u d e  p r o t e i n  
c o n t e n t .  

The s i m p l e s t  p r o c e d u r e  from t h e  p r o c e s s i n g  s t a n d p o i n t  would b e  t o  o f f e r  t h e  
u l t r a f i l t r a t e d  permeate  of whey t o  f e e d l o t  o p e r a t o r s .  T h i s  p roduc t ,  f e d  d i r e c t l y  
a s  UFP o r  w i t h  y e a s t  added (PFP), can g i v e  a c c e p t a b l e  animal  performance.  
However, concerns  t o  t h e  f e e d e r  i n  u s i n g  t h e s e  p r o d u c t s  may i n c l u d e  (1)  a l t e r i n g  
a f e e d i n g  system t o  accommodate t h e  f e e d i n g  of a  l i q u i d  p roduc t ,  (2 )  a  s t e a d y  
supp ly  of t h i s  l i q u i d ,  ( 3 )  a d a p t a t i o n  p e r i o d  f o r  c a t t l e  consuming t h i s  l i q u i d  and 
(4)  t h e  amount of g r a i n  m i x  which t h i s  l i q u i d  cou ld  r e p l a c e .  Rep lac ing  on ly  5.0 
t o  5.5 l b  of g r a i n  p e r  head d a i l y  may n o t  a t t r a c t  a  c a t t l e  f e e d e r ' s  a t t e n t i o n ,  
e s p e c i a l l y  w i t h  c u r r e n t  low g r a i n  p r i c e s ,  w h i l e  r e p l a c i n g  1 0  l b  o r  more o f  g r a i n  
p e r  head d a i l y  may make i t e m s  1, 2 and 3 l i s t e d  above worthwhi le .  

I f  some w a t e r  can  b e  remwed i n e x p e n s i v e l y  s o  as t o  r a i s e  t h e  s o l i d s  c o n t e n t  
of t h e  u l t r a f i l t r a t e d  permeate  t o  > lo% s o l i d s ,  such  a produc t  may b e  more 
a t t r a c t i v e  t o  c a t t l e  f e e d e r s .  Such a produc t  cou ld  p robab ly  b e  f e d  as t h e  o n l y  
s o u r c e  of l i q u i d  w i t h o u t  c a u s i n g  problems t o  t h e  animal .  However, a s  t h e  s o l i d s  
c o n t e n t  i s  i n c r e a s e d ,  t h e  m i n e r a l  c o n t e n t  is a l s o  i n c r e a s e d .  One may r e a c h  a 
p o i n t ,  p robab ly  around 15 t o  20% s o l i d s ,  beyond which w a t e r  must a l s o  b e  made 
a v a i l a b l e  t o  c a t t l e  t o  m a i n t a i n  normal animal  h e a l t h .  

Ferment ing,  ammoniating and condensing t h e  permeate  t o  make FACP o r  AMM adds 
c o s t  t o  t h e  p roduc t  b u t  produces  a  more m a r k e t a b l e  p roduc t .  These p r o d u c t s  c a n  
b e  c o m p e t i t i v e l y  marketed a s  l i q u i d  p r o t e i n  supplements ,  competing w i t h  o t h e r  
n o n p r o t e i n  n i t r o g e n  based  l i q u i d  p r o t e i n  supplements.  When p r o t e i n  supplements  
s u c h  a s  soybean meal a r e  expensive ,  t h e s e  l i q u i d  p r o t e i n  supplements  c a n  have a  



d e f i n i t e  p r i c e  advantage over  n a t u r a l  p ro t e ins .  There i s  l e s s  water  t o  t r a n s p o r t  
and t h e  product i s  more s t a b l e ,  s o  t h e  p o t e n t i a l  marketing a r e a  can be g r e a t l y  
expanded. 

However, i f  one i s  concerned wi th  how much whey permeate d r y  ma t t e r  i s  
consumed p e r  s t e e r ,  more c a t t l e  w i l l  be needed t o  u t i l i z e  a l l  of t h e  
u l t r a f i l t r a t e d  permeate generated by a  cheese p l an t .  For i n s t ance ,  i n  t h i s  
experiment,  s t e e r s  fed  UFP o r  PFP consumed 4.8 l b  of s o l i d s  p e r  head d a i l y  from 
whey permeate, whereas those  f e d  FACP o r  AMM consumed .75 l b  pe r  head d a i l y .  
This  lower f i g u r e  was p a r t i a l l y  due t o  t h e  f a c t  t h a t  t h e  whey permeate was 
converted from an "energy ingredien t"  i n  t h e  UFP and PFP d i e t s  t o  a  "p ro t e in  
i n g r e d i e n t w  i n  t h e  FACP and AMM d i e t s .  C a t t l e  d i e t s  u sua l ly  don ' t  need a s  much 
p r o t e i n  supplement a s  energy sources.  

This  f i e l d  t r i a l  demonstrated t h a t  t h e  u l t r a f i l t r a t e d  permeate of whey (UFP) 
a s  w e l l  a s  o t h e r  products  made from t h e  permeate (PFP, FACP and AMM) can be 
u s e f u l  feeds  f o r  c a t t l e .  Improved experimental  p r e c i s i o n  would be  needed t o  
determine which of t hese  products  t e s t e d  is  t h e  b e s t  product f o r  a  cheese p l a n t  
t o  manufacture f o r  t h e  c a t t l e  feeder .  

TABLE 1. COMPOSITION OF GRAIN MIXES 

Grain m i x  
P a r t i a l l y  

UF fermented 
Ing red ien t  Controla  permeateb permeateb FACPa Ammolac 

(%I 

Fermented, ammoniated 
condensed permeate 

Ammolac 
Corn, r o l l e d ,  s h e l l e d  
Oats,  r o l l e d  
Soybean meal, 44% CP 
Dicalcium phosphate 
Limestone 
Trace minera l ized  s a l t  

a Contains 2,000 I n t e r n a t i o n a l  Uni t s  (IU) of added v i tamin  A, 400 I U  of added 
v i t amin  D and .15 I U  of added v i t amin  E pe r  pound of g r a i n  m i x .  

Contains 4,000 I U  of added v i t amin  A, 800 I U  of added v i tamin  D and .30 I U  
of added v i t amin  E p e r  pound of g r a i n  m i x .  



TABLE 2. CHEMICAL COMPOSITION OF GRAIN MIXES AND HAY 

G r a i n  mix 
I t em C o n t r o l  UFP PFP FACP AMM Hay 

D r y  matter 90.7 90.5 89.9 85.9 87.6 88.2 

(% of  DM) 

Crude p r o t e i n  12.5 18.2 16.0 12.1 12.1 6.7 
E t h e r  extract 2.9 2.8 3.2 3 .O 3 .O 2.0 
Ash 3.7 4.5 4.7 4.0 4.2 10.5 
NDF 18.8 20.3 19.9 19.2 19.2 68.8 
AD P 4.9 7.5 6.2 5 -3 5.3 45.0 
L i g n i n  3.7 4.7 4.5 4.0 4.2 10.5 

TABLE 3. WEIGHT GAINS. FEED DRY MATTER (DM) INTAKE AND FEED DRY MATTER INTAKE 
PER POUND OF GAIN FOR STEERS FED CONTROL (C). ULTRAFILTRATED PERMEATE OF WHEY 

(UFP). PARTIALLY FERMENTED PERMEATE (PFP). FERMENTED AMMONIATED 
CONDENSED PERMEATE (FACP) AND AMMOLAC (AMM) DIETS 

(DEC. 5. 1985. TO APR. 3. 1986) 

D i e t  
I t em C UFP PFP FACP AMM SE 

No. of  a n i m a l s  10 9 10 10 10 
P r e l i m i n a r y  w t a ,  l b  750 7 44 754 7 63 7 62 -- 
S t a r t i n g  wtb. l b  894 887 888 91 8 91 8 34.3 
Ending w t c .  l b  11 84 1183 1198 1167 121 2 37 .O 
Gain. l b / d a y  2.43 2.48 2.61 2.10 2.48 .I37 

Feed i n t a k e .  l b  DM/day 
~ a ~ d  5.3 5.3 5.3 5.3 5.3 -- 
G r a i n  mix 21.9 17.4 17.5 20.6 21.4 -- 
UFP -- 4.8 -- -- -- -- 
PFP -- -- -- -- -- 4.8 
T o t a l  DM 27.2 27.5 27.8 26 .O 26.7 
DM i n t a k e / g a i n  11.2 11.1 10.6 12.4 10.8 

a Weights  on  10/19/85. when b r o u g h t  i n t o  t h e  f e e d l o t .  
Weigh t s  on  12/5/85. a f t e r  a d j u s t e d  t o  d i e t s .  
Weigh t s  on  4/3/86. a t  t h e  end o f  t h e  exper iment .  
Amounts o f  hay consumed were e s t i m a t e d .  



TABLE 4. CARCASS TRAITS FOR STEERS FED CONTROL (C), ULTRAFILTRATED PERMEATE 
OF WHEY (uFP) , PARTIALLY FERMENTED PERMEATE (PFP) , FERMENTED 
AMMONIATED CONDENSED PERMEATE (FACP) AND AMMOLAC (AMM) DIETS 

D i e t  
Item C UFP PFP FACP AMM SE 

No. of animals 
Carcass w t ,  l b  
Dressing % 

Farm w t ,  % 
Delivery w t ,  % 

Fa t  th ickness ,  in .  
Rib eye, sq. in .  
Kidney, pe lv i c ,  

h e a r t  f a t ,  % 
Yield grades  
~ a t u r i t ~ b  
Marbl ingc 
Qual i ty  graded 

a Yield grade ca l cu la t ed  on a c t u a l  f a t  th ickness  measure. Grades may have 
ad jus t ed  prel iminary y i e l d  grade s l i g h t l y  h igher  t o  account f o r  f a t  d i s t r i b u t i o n  
i n  o t h e r  l oca t ions .  Actual y i e l d  grades may have been s l i g h t l y  h igher  bu t  
r e l a t i v e  d i f f e r e n c e s  would have been a s  ind ica t ed  here.  

A l l  c a t t e l  were i n  A matur i ty  category. 
Marbling l e v e l s :  1 = t r a c e ,  3 = s l i g h t ,  5 = small, 7 = modest, 9 = 

moderate. * Q u a l i t y  grades: 1 = standard,  4 = good, 7 = choice. 
e  Data i n  parentheses a r e  a f t e r  t h e  t h r e e  l i g h t e s t  weight animals  were 

removed. 
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