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SOURCES AND HEAT TREATMENT OF PROTE I N  I NGRED I ENTS 
FOR SUPPLEMENT I NG CORN S I LAGE FOR BROW I NG CATTLE 

L .  F .  Pal mer , L .  B .  Embry , R .  M. Lut her , 
J .  G .  Nothnagel and M. J. Goetz 

Department of An i mal and Rang e  Sc i enc es 

CATTLE 84-4 
/ 

A s�udy w i t h  on e h un dr ed s i x ty-ei g h t  Ang u s  and Her ef or d ­
Angus steers was conducted t o  eval uate p r ot e i n sup p l ementat i on 
under var i ous cond i t i on s  wi t h  corn s i l ag e  d i et s .  St eer s aver­
aged 58 1 l b  i n i t i al l y and were f ed 1 03 d ays . 

Di et s c on s i sted of 90% c or n  s i l ag e  and 1 0% sup p l ement on a 
dry b a s i s .  Corn si l ag e  < 39% DM> was st ored i n  t wo t ower s i l os .  
For age f r om on e was t reated w i t h  a mi c r o b i al add i t i ve a n d  s i l ag e  
f r om t h e  other served as a c on t r o l . Twent y-f our p en s  w i th seven 
st eer s each wer e used f or s i x d i etar y  t r eatment s  ( f our r ep l i c a­
t i on s > . Corn si l ag e  t r eatmen t s  wer e b a l anc ed acc or d i n g  t o  p r o­
t e i n t reat men t g r oup s .  Di etar y sup p l eme n t s  wer e c on t r o l , u r ea , 
Go l d en Pro ,  urea + soybean meal , urea + heat -t r eated p r ot e i n 
C HTP > soy b l en d  meal and Gol d en Pr o + HTP soy b l en d  meal , p r o­

v i d i n g  p r ot e i n l ev e l s of 8 . 43 ,  1 1 . 03 ,  1 0 . 74 ,  1 0 . 96 ,  1 0 . 9 1  and 
1 0 . 73% , r espect i ve l y ,  on a dry basi s .  Gol den Pro < ab out 60% 
protei n >  i s  a h eat -tr eated p r od u c t  and consi sts of urea C 20% > , 
groun d yel l ow corn and sod i um benton i t e .  HTP soy b l end meal 
( ab out 40% p r o t e i n )  c ons i sts of 40% whol e soybean s and 60% 

sol vent p r oc essed soybean meal . Th i s  p r od uc t  was ex t r ud ed and 
heat -tr eated at 320 F under.  p ressure .  

Resu l t s  showed t h at p r ot e i n -sup p l ement ed steers gai n ed a t  a 
f aster r at e  t h an c on t ro l s t hroughout t h e  ex p er i ment . Th i s  r e­
sul ted i n  t o t a l  g a i n i mp r ovement s  f or protei n -sup p l emen ted 
st eers over t h e  control rang i ng f r om 38 t o  55 l b  p er h ead . 
Feed i ng urea , Sel d en Pr o and urea + soybean meal r esu l t e d  i n  
s i mi l ar an i mal perf orman c e .  Feed i ng HTP soy b l en d  meal w i th 
ei t h er urea or Gol den Pr o sh owed an i n i t i al advan t ag e  over t h e  
other sup p l emen t s  wi t h  on l y  smal l d i f f er en c es b etween t hese t wo 
sup p l emen t s .  Af t er t h e  sec on d wei ght p er i od ,  rat es of g a i n wer e 
s i mi l ar f or a l l p r ot ei n -sup p l ement ed steer s .  

Steer s f ed t h a  c on t r ol d i et had l ower l ev e l s o f  f eed i nt a k e  
than steers f ed p r ot e i n-sup p l ement e d  d i et s  wi th on l y  s l i gh t  
d i f f er e n c es b et ween t h e  sup p l emen t ed g r oup s .  Feed r e q u i r ement s  
f or steers f ed supp l emen t a l  protei n wer e l ower than f or t h e  
c ontrol s .  Sma l l d i f f er en c es i n  f eed t o  gai n r at i os were ob­
served between supp l ement a l  t r eatmen t s .  Fast er rates o f  g a i n 
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and r ed uced f eed c onsump t i on d ur i ng t h e  f i r st mont h  of t h e  
e>: per i ment r es u l ted i n  l ower f ee d  r equi r ements .  However , t hese 
r e qu i r emen t s  i nc r eased w i th i nc r easi n g  t i me on f eed and wei g h t  
o f  catt l e a 

Urea i s  t h e  most c ommon n on pr o te i n n i t r ogen sourc e  used i n  
catt l e  and sheep d i et s .  W i t h  n ew concep t s  i n  p r ot e i n sup p l emen­
tat i on and f ee dstu-f f s  p r ocess i ng ,  i t  i s  i mportant t o  r eeva l uate 
t h e  r o l e of urea i n  c a t t l e  f eed i ng .  Nutr i t i on a l  c on c ep t s  such 
as protei n sol ub i l i ty ,  p r ot ei n " b y-pass " and ami n o  ac i d  c ompos i ­
t i on t ogether w i t h  f ee d  p r oc ess i ng met h od s  < c hemi c a l  t reatmen t , 
h eat t reatmen t > are b r i ng i ng about changes i n  d i et f or mu l at i on .  
Consequen t l y ,  i t  i s  usef ul t o  study t hese c h a n g es i n  assoc i a­
t i on w i t h  urea i n  c at t l e  d i et s .  Th i s  ex p er i ment was c onducted ·  
t o  eva l uate p r ot ei n sup p l emen t at i on und er var i cms c o n d i t i o n s  
wi t h  c o r n  si l ag e  f ed t o  g r ow i n g  c at t l e  wi t h  emphas i s on f ac t o r s  
af f ec t i ng u t i l i z at i on o-f ur ea . 

Th i s  ex p er i ment used one h un d r ed s i x t y-e i g h t  Angus and 
Angus-Heref ord steers averag i ng about 59 1 l b  wh i ch were prev i ­
ousl y adapted t o  a f u l l f eed o-f c or n  s i l ag e  w i t h  n o  5upp l ement a l  
p r ot e i n .  

·
A l l steer s wer e ear tagged , i mp l ant ed wi t h  z er an o l , 

vac c i n a ted agai nst BVD < Bovi n e  Vi rus Di ar r h ea > , I BR < B ov i n e  
Rh i notrachaet i s > and P I3 < Parai n f l uenz a > , i nj ect ed w i t h  a 4-way 
c l ostr i d i um bac t er i n  and t r eated wi t h  Warbex < pour-on > f or par a­
si t e  c on t r o l  p r i or to t h e  ex p er i ment a l  p er i od .  

Upon start i ng t h e  ex p er i ment , st eers wer e wei gh e d  i n  ear l y 
mor n i ng bef or e f eed i n g and agai n t h e  f el l owi ng morn i ng af t er 
w i t h h o l d i ng f eed and water f er about 1 8  h r m Af t er t h e  shrun k 
wei ght was obtai n ed , steers were a l l ott ed i nt o  24 p en s  on t h e  
basi s of wei gh t  and b r eed group wi t h  seven steers p er pen . 
Treatmen t s  were rep l i c at ed f our t i mes wi t h  a d i et c on t a i n i ng 907. 
c orn s i l ag e  < 397. DM > and 1 07. sup p l ement on a dry basi s .  

T h e  sup p l ements used wer e a s  f ol l ows : 

1 .  Con t r o l  sup p l ement 
2 .  Urea sup p l ement 
3 .  Gol den Pro sup p l ement 
4 .  Urea + soybean meal sup p l ement 
5 .  Urea + heat-tr eated p r otei n < HTP > soy b l en d  meal 
6 .  Gol den Pro+HTP soy b l en d  mea l 

I ngred i ent c ompos i t i on of t h e  sup p l emen t s  wh i ch f or med t h e  
d i etary t reat ment s  used i n  t h i s  ex per i ment ar e shown i n  t ab l e  1 .  
The c on t r o l  sup p l ement wi t h out a h i gh -protei n i ngred i ent served 
as a measure of r esponse to the var i ous protei n-supp l ement ed 
d i et s .  I t  c on t a i n ed g r ound c or n  grai n ,  l i meston e ,  d i cal c i um 
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p h osphat e ,  trace m i n er a l  sal t ,  vi t am i n A and l as a l oc i d  so c att l e  
f ed t h e  c o n t r o l  d i et wou l d  r e c e i ve s i mi l ar d i et ar y l evel s of 
c a l c i um ,  p hosphorus , sal t , . t r ac e  m i n er a l s ,  vi t am i n A and 
l asal o c i d  as t h e  protei n-supp l ement ed c a t t l e . 

TABLE 1 .  I NGRED I ENT COMPOS I T I ON OF FEEDLOT D I ETS 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Urea 
Urea + 

+ HTP soy 
S o l  den Soybean b l en d  

I ng r ed i ents Con t r o l  Urea Pr o mea l  meal 

----------------Y. of dry matt er----------------

Corn s i l ag e  90 

Ground c or n  8 . 80 

Soybean meal ( 44i. ) 

Urea 
Gol d en Pro ( 607. ) 

HTP soy b l en d  
meal ( 40 7. )  

Li mest on e e '.29 

D i c a l c: i um p h osph at e  • 6 1  

Tr ace m i n er a l  sal t  . 30 

Cal c i um sul f at e  

Avg p r o t e i n c on t en t  
a s  anal yz ed ( dr y )  8 . 43 

90 90 

a 
Sup p l ement 

7 a 92 4 . 66 

m 8 1 

4 . 07 

. 1 2 . 1 2 

0 63 . 63 

. 30 . 30 

.. 22 . 22 

1 1 . 03 1 0 . 74 

90 

5 . 28 

3 . 0 1 

. 40 

. 35 

. 55 

. 30 

. 1 1 

1 0 . 96 

90 

5 . 09 

. 40 

3 . 36 

. 20 

. 54 

. 30 

• 1 1  

1 0 . 9 1  

Each d i et c on t a i n ed 1 000 I U  v i t am i n A and 1 5  m g  of 
l asal oc i d  p er p oun d s 

Gol den 
Pro 

+ 
HTP soy 

b l en d  
mea l 

9 0  

3 . 35 

2 . 00 

3 . 39 

. 06 

• 79 

. 30 

• 1 1  

1 0 . 73 

The urea sup p l ement was f or mu l ated t o  g i ve d i et s  wi t h  about 
1 1 . 0i. protei n < dr y  b as i s >  w i t h  urea as t h e · on l y  sup p l emen t a l  
sour c e .  I t  p r ov i d ed . 8 1 7.  urea i n  t h e  t o t a l  d r y  d i et .  Cal c i um 
sul f at e  was i n c l uded t o  prov i d e  1 p a r t  sul f ur t o  1 0  p ar t s  of 
n i trogen f rom the urea i n  a l l sup p l ement s wh i ch cont a i n ed urea . 
Th e urea d i et served t o  measure t h e  r esponse f rom t h e  h i gh­
p r ot e i n i ngred i ents and heat t r eatment s  of i n g r ed i en t s  i n  t h e  
other d i et s .  

The Gol den Pr o p r oduct ( pro cessed b y  Tr i p l e  " F "  Feed s ,  Des 
Moines , I A >  consi st ed of ground yel l ow c orn , urea C 20i. ) and 
sod i um b en t on i t e sub j ected to heat t r eatmen t . Th i s  product 
wh i ch c ont a i n s  about 60% protei n was used t o  f ormu l at e a d i et 
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si mi l ar i n  c om p os i t i on t o  t h e  urea sup p l emented one ex c e p t  f or 
the h eat t r eatment app l i ed i n  t h e  manuf actur i ng pr ocess of t h e  
Gol d en P r o  p r od u c t . 

The urea + soybean meal sup p l ement p r ov i ded a sup p l ement i n  
wh i ch soybean meal supp l i ed about one-h a l f of t h e  sup p l emen t a l  
p r ot e i n .  The purpose cf t h i s  supp l ement w a s  t o  c omb i ne a h i g h ­
qua l i ty p r ot ei n sour c e  ( as measured b y  ami n e  ac i d  c on t en t > wi t h  
a prot e i n sourc e  devo i d of ami no ac i ds .  Not on l y  i s  p r ef ormed 
p r otei n subst i tut ed f or n on p r ot e i n n i t rogen , but the amount of 
urea i s  r ed u c ed . Each c ou l d have an i nf l uenc e  on p r ot e i n ut i l i ­
z at i on and p er f ormanc e  o f  t h e  c at t l e .  

The h eat-t reat ed protei n soy b l en d  meal p r oduc t < Tr i p l e  " F "  
Feed s >  c on s i s t ed of a mi x t ur e  o f  40r. who l e soybean s and 60% 
sol vent p rocessed soybean meal . I t  w i l l  b e  r ef erred t o  as HTP 
soy b l en d  meal i n  t h i s  r ep or t . The b l en d  was ex t ruded and heat 
t r eated at 320 F under p ressure by t h e  I n st ap r o  met h o d , c ausi n g  
wi t h  t h i s  ex t r a  h eat a r educt i on i n  t h e  r a t e  of r um i n a l  degrada­
t i on i n  c ompar i son to soybean meal . Th i s  p r oduct was f ed w i t h  
t h e  ur ea-c orn mi x and w i t h  t h e  Sol dan Pro sup p l ement t o  d et e r ­
mi n e  t h e  benef i ts under each c on d i ti on i n  subst i tut i ng p r ef ormed 
p r otei n f or p ar t  of the n cn p r ot e i n n i t rogen and f r om a p r oduct 
more r es i stant t o  rumen degrad at i on .  

The c or n  si l ag e  ( 8 c 45% p r ot e i n >  f rom t h e  1 982 c r op was 
st ored i n  two tower s i l os .  For age f rom one s i l o  served as a 
c on t r o l  and t h e  other was t r eat ed w i t h  a mi c r ob i al add i t i ve .  
Dat a f or mi c r ob i a l s i l age t reatment are p r esent e d  separ at e l y i n  
th i s  Cat t l e  Feed er s Day Rep ort ( 84-2 ) . 

Prot e i n c on t en t s  o f  t ot a l  d i et s  on a dry b as i s f or c on t r o l , 
urea , G o l den Pro ,  urea + soybean meal , urea + HTP soy b l en d  meal 
and G o l d en Pr o + HTP soy b l en d  meal wer e 8 . 43 ,  l l c 03 ,  1 0 . 74 ,  
1 0 . 96 ,  1 0 . 9 1  and 1 0 . 73 % , r espect i vel y ( t ab l e  1 ) . 

At t h e  b eg i nn i ng of t h e  ex p er i men t , sup p l ement s  wer e of ­
f er ed f or t h e  f i r st t i me on day 1 .  Tota l  f eed of f er ed was about 
8 l b  < dr y >  p er an i ma l  and was i nc reased g r adual l y  to a f ul l f eed 
of about 1 2  l b  < dr y )  per h ead d a i l y  i n  a b out 1 0  to 1 2  day s .  
Rat e o f  f eed i ng a f t er t h i s  was reg u l a t ed t o  amount s  t h at wou l d 
b e  near l y  c on sumed b y  t h e  n ex t f eed i n g .  Di et s  were b at c h  mi x ed 
f or each pen and f ed onc e  d a i l y .  

Pr i or t o  each we i gh p er i od dur i n g th i s  ex p er i ment , t h e  
st eer s were l ef t  f or a n  over n i g h t  st and o f  ab out 1 8  hr w i t h out 
f eed and water . The ex p er i ment was termi n ated af t er 1 03 days 
when steer s aver aged about 84 1 l b .  Data obt a i n ed f or aver age 
d a i l y  g ai n ,  f eed consump t i on and f eed ef f i c i en c y  are p r esent ed 
cumu l at i vel y by wei g h  p er i od s .  
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Feed l ot p er f or mance dat a f or sup p l ement treat ment s  are 
pr esent ed aver aged over c orn si l ag e  mi c r ob i al tr eatmen t s . 

Accumu l ated wei g h t  gai n averages at p er i od i c  i nt erval s are 
presen t ed i n  t ab l e  2. Sup p l ement i ng the c on t r o l  d i et ( 8 . 43'l. 
p r ot e i n )  wi t h  t h e  var i ou s  sources of p r ot e i n < ab out 1 1 . 0'l. p r o­
t ei n >  r esu l ted i n  mar k ed i mp rovement s  i n  wei gh t  g a i n s  t hroughout 
the ex p er i ment . The advan t ag e  f or the protei n-su pp l ement e d  
g r oup s was most p r on oun c ed dur i ng t h e  f i r st 2 mon t h s  cf t h e  
e:-: p er i ment . 

TABLE 2. ACCUMULATED AVERAGE DA I LY GA I N  BY WE I GH PER I ODS 
AS AFFECTED BY D I ETARY TREATMENTS 

I t em Con t r o l  
Gol d en 

Urea P r o  

Gol den 
Urea Pro 

Urea- + + 
+ HTP soy HTP soy 

soybean b l end b l en d  
meal meal meal 

----------------------------------------------------------------

No . of steers 28 27
a 

28 28 28 
I n i t i al shrun k wt , l b  582 58 1 58 1 582 582 
Fi n a l  shrun k wt , l b  807 854 844 859 862 
Avg d a i l y  g a i n ,  l b  

29 days 1 .  76 2 . 97 2 . 89 2 . 78 3 . 28 
58 d ays 1 . 9 1 2 . 66 2 . 82 2 . 73 2 . 77 
85 d ays 2. 1 5  2 . 73 2 . 7 1  2 . 70 2 . 76 

1 03 d ays 2 . 1 9  2 . 65 2 . 56 2 . 69 2 . 72 

a 
I n i t i a l l y  28 steer s ,  one death l os s  f r om c ond i t i on s  

unrel ated t o  d i etary treatmen t . 

28 
579 
853 

3 . 1 8  
2 . 7 1  
2 . 70 
2 . 66 

Amon g  protei n-sup p l ement ed group s , Gol d en Pro or urea wi t h  
soybean meal appeared t o  of f er n o  advan t age over t h e  urea sup ­
p l ement i n i t i al l y  o r  d ur i ng t h e  c our se of t h e  ex p er i men t . Faster 
rates of gai n wer e obt a i ned f or steer s wi th t h e  HTP soy b l en d  
meal sup p l ement c omb i ned wi t h  urea o r  w i th Gol den P r o  i n  c ompar­
i son t o  t h e  urea sup p l ement d ur i ng t h e  f i r st mont h  of t h e  ex per­
i ment . Thereaf t er , t h e  amount of g a i n at each wei g h  p er i od 
sh owed n o  advan t ag e  over the urea sup p l ement . 
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Acc umu l ated average dai l y  f �ed i nt a k e  at p er i od i c i nter va l s 
i s  p r esent ed i n  t ab l e  3 .  Feed i nt a k e  i nc r eased w i th i nc reased 
wei ght and t i me on ex p er i ment . Steers f ed p r ot e i n-sup p l ement ed 
d i et s  w i th c or n  si l ag e  c on sumed mor e f eed t h an unsup p l emented 
c on t ro l s a  Sour c e  of p r ot e i n a p pear ed to h ave on l y  sma l l ef f ec t s  
on dai l y  f eed i nt a k e .  

Avg 

TABLE 3 .  ACCUMULATED AVERAGE FEED I NTAKE B Y  WE I GH PER I ODS 
AS AFFECTED BY D I ETARY TREATMENTS 

Sol den 
Ur ma Pro 

Urea + + 
+ HTP soy HTP soy 

Sol d en soybean b l en d  b l en d  
I tem Con t r o l  Urea Pro mea l  mea l  mea l  

f ee d  i nt a k e  ( dry > , l b m  
29 days 1 2 . 5 1  1 3 . 84 1 3 . 92 1 3 . 96 1 4 . 1 1  1 4 . 5 1  
58 d ays 1 4 . 20 1 6 . 02 1 6 . 03 1 5 . 82 1 6 . 1 4  1 6 . 45 
85 d ays 1 5 . 4 1  1 7 . 20 1 7 . 09 1 6 . 93 1 7 . 1 2  1 7 . 35 

1 03 d ays 1 5 . 68 1 7 . 39 1 7 . 24 1 7 . 1 5  1 7 . 39 1 7 . 34 

Dat a f or f ee d  ef f i c i en c y  a ccumul at ed b y  wei g h  p er i ods are 
shown i n  t ab l e  4. As f or f eed c on sumed � f eed r equi red p er un i t  
of g a i n i nc r eased w i t h  wei gh t  and t i me on ex p er i ment . The 
i nc r ease was l ess f or the c on t ro l s than f or protei n-s up p l emen ted 
st eers .,  

Prot e i n-su pp l emented st eers c on sumi n g  mor e f eed and ma k i ng 
a f ast er rate o f  g a i n t han c on tr o l s h ad l ower f eed r e qu i r emen t s .  
T h e  a p p arent ear l y  advantage i n  wei gh t  g a i n f or steer s f ed t h e  
HTP soy b l en d  meal sup p l ement was a l so a c c ompan i ed· b y  l ower f eed 
r e qu i r emen t s .  Otherw i se , there appeared t o  b e  n o  maj or or 
c on s i stent d i f f er en c es i n  f eed r e qu i r ement s  b et ween p � ot e i n ­
sup p l emented g r oups o f  steer s .  
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TABLE 4 .  ACCUMULATED FEED EFF I C I ENCY BY WE I SH PER I ODS 
AS AFFECTED BY D I ETARY TREATMENTS 

I t em 

Avg f eed / ga i n 
29 days 
58 days 
85 days 

1 03 day s  

---�--�.'!.:::.·: -.·." 

Con t r o l  

r at i o  
7 1 1  
743 
7 16 
7 1 6  

Urea 

( d r y > 
466 
602 
630 
656 

Gol den 
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Pro 

482 
568 
626 
65 1 

Urea 
+ 

soybean 
meal 

502 
579 
627 
638 

Urea 
+ 

HTP soy 
b l en d  

meal 

430 
583 
620 
639 

Gol den 
Pr o 

+ 
HTP soy 

b l en d  
meal 

456 
607 
643 
652 
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