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DEWLOPHRNX' OF AN IN VIVO MODEL TO DETERHINE THE 
BIOLOGICAL VAtW OF MICROBIAL PROTEIN 

T. F r i t z  and R. H. P r i t cha rd  
Department of Animal and Range Sciences 

'\\ BEEF REPORT / 

A semi-purif ied d i e t  (SPD) was fed t o  12 wether lambs and one f i s t u l a t e d  
wether  and evalua ted  f o r  a c c e p t a b i l i t y  and a b i l i t y  t o  support  growth. Ruminal pH 
and NH3 were monitored throughout t h e  d i e t  adap ta t ion  period.  Treatments 
included t h r e e  l e v e l s  of dry  ma t t e r  i n t ake ;  low i n t a k e  (LI) 750 gehd-l*d-l. 
medium i n t a k e  (MI) 1125 g-hd-l*d-l and h igh  i n t a k e  (HI) 1500 gehd-led-l. 
D i g e s t i b i l i t y  of dry ma t t e r  (DM, 70.6%) . ac id  de tergent  f i b e r  (ADF, 62.8%), 
n i t rogen  (N, 72.8%) and percentage d i g e s t i b l e  n i t rogen  r e t a ined  (33.2%) were n o t  
d i f f e r e n t  a c r o s s  i n t a k e  l e v e l s .  I n d i g e s t i b l e  ADF of t h e  semi-purified d i e t  
appears  t o  be a  s u i t a b l e  s o l i d  phase marker f o r  es t imat ing  DM d i g e s t i b i l i t y  i f  DM 
i n t a k e  i s  accounted f o r .  Regression a n a l y s i s  i nd ica t ed  i n d i g e s t i b l e  ADF 
recovered i n  feces  was r e l a t e d  t o  i n d i g e s t i b l e  ADF i n t a k e  and DM i n t a k e  a s  
descr ibed  by t h e  equat ion  I n d i g e s t i b l e  ADF recovered = 80.3824 + .852 
( i n d i g e s t i b l e  ADF in t ake )  + .0426 DM in t ake ;  ( r 2  = ,7057; P< .01) .  

(Key Words : Semi-purif i e d  Diet.  Lambs, Dry Matter D i g e s t i b i l i t y ,  ADF 
D i g e s t i b i l i t y ,  D i g e s t i b l e  N Retained, I n d i g e s t i b l e  ADF.) 

In t roduc t ion  

Because of t h e  inhe ren t  con t r ibu t ion  of microbial  p r o t e i n  t o  t h e  ruminant 's 
p r o t e i n  requirement. i t  i s  probably not  s u f f i c i e n t  t o  only measure t h e  animal 's  
amino a c i d  requirements.  More important ly.  research  should concen t ra t e  on 
quant i fy ing  microbia l  p r o t e i n  supply and determining the  q u a n t i t y  and q u a l i t y  of 
a d d i t i o n a l  p r o t e i n  needed t o  improve performance. Amino a c i d  requirements could 
then be determined i n d i r e c t l y  a s  t h e  sum of microbial  p r o t e i n  and a d d i t i o n a l  
p r o t e i n  considered optimum. An i n  v ivo  model f o r  determining t h e  b i o l o g i c a l  
va lue  of microbia l  crude p r o t e i n  would not  only al low u s  t o  measure maximum 
performance a t t a i n a b l e  from microbial  p r o t e i n  but  would a l s o  provide an e f f e c t i v e  
way of screening  o r  eva lua t ing  va r ious  d i e t a r y  n i t rogen  supplements f o r  h igh  
product ion r a t e s .  

Ruminants provided w i t h  nonprotein n i t rogen  a d  carbohydrates  can grow, 
reproduce and l a c t a t e  (Loos l i  e t  a l . .  1949; Viraten.  1966; O l t j en ,  1969) when 
consuming no amino a c i d s  (AA) o r  d i e t a r y  p ro te in .  Using t h i s  approach would make 
it p o s s i b l e  t o  eva lua te  MCP con t r ibu t ions  t o  amino ac id  requirements.  The 
o b j e c t i v e  of t h e  experiment repor ted  here  was t o  develop a  d i e t  and i d e n t i f y  
d i e t a r y  markers f o r  subsequent amino a c i d  requirement s t u d i e s .  



M a t e r i a l s  and Methods 

A semi-pur i f i ed  d i e t  ( t a b l e  1) s i m i l a r  t o  t h a t  used by Maeng and Baldwin 
(1976) and O l t j e n  e t  a l .  (1962a.b) was p repared  excep t  t h a t  t h e  r a t i o s  of r e a d i l y  
fe rmentab le  ca rbohydra tes  t o  c e l l u l o l y t i c  ca rbohydra tes  were  changed from 2 : 1 t o  
1 :1 and f e e d i n g  f requency was changed from once t o  tw ice  d a i l y  (0600 and 1800 
hours ) .  

Twelve c ro s sb red  we the r  lambs (x = 30.1 kg)  and two f i s t u l a t e d  we the r  lambs 
(X = 87.3 kg) were used i n  t h e  exper iment  t o  e v a l u a t e  a c c e p t a b i l i t y  of t h e  
semi-pur i f i ed  d i e t .  Lambs had p r ev ious ly  been t r e a t e d  f o r  i n t e r n a l  and e x t e r n a l  
p a r a s i t e s  and r ece ived  i n j e c t a b l e  v i t a m i n s  A, D and E. 

I n i t i a l l y  a l l  lambs were  f e d  a c o n t r o l  d i e t  ( t a b l e  2) a t  maintenance (1250 
g*hd-l -d- l  f o r  t h e  f i s t u l a t e d  we the r s ,  750 g*hd-l*d- l  f o r  w e t h e r  l ambs) .  A l l  
c ro s sb red  lambs and one f i s t u l a t e d  we the r  were adap ted  t o  t h e  semi-pur i f i ed  d i e t  
by i n i t i a l l y  r e p l a c i n g  20% of t h e  c o n t r o l  d i e t  w i t h  semi-pur i f i ed  d i e t .  I f  t h e  
new d i e t  w a s  accep ted  f o r  two consecu t i ve  days ,  t h e  semi-pur i f i ed  d i e t  component 
was i n c r e a s e d  by 10% of t h e  d a i l y  f e ed  o f f e r ed .  Th is  procedure  was fol lowed 
u n t i l  a l l  lambs were  consuming on ly  t h e  semi-pur i f i ed  d i e t .  

Rumen samples were  c o l l e c t e d  on a l t e r n a t e  days of t h e  a d a p t a t i o n  pe r i od  from 
bo th  f i s t u l a t e d  wethers .  Ruminal con t en t  pH was measured and appearance,  odor,  
pH and pe r cen t age  s o l i d s  of rumen l i q u o r  were  eva lua t ed  and compared between 
animals .  When a l l  lambs were  consuming on ly  t h e  SPD, rumen NH3 w a s  a l s o  measured 
i n  t h e s e  samples by d i s t i l l a t i o n  over  MgO (AOAC, 1980).  Adapta t ion  t o  t h e  SPD 
took  a t o t a l  of 1 4  days.  

Lambs were  a l l o t t e d  t o  t h r e e  i n t a k e  groups,  low ( L I ) ,  medium (MI) and h igh  
(HI ) ,  u s i n g  e a r  t a g  numbers and a t a b l e  o f  10,000 random d i g i t s  ( S t e e l e  and 
T o r r i e ,  1980) .  The LI  (maintenance) group was f e d  750 g-hd-1-d-1. The M I  group 
( 1  1 /2  x maintenance) w a s  i nc r ea sed  t o  1125 g*hd-l*d- l  and t h e  H I  group (2 x 
maintenance)  was i n c r e a s e d  t o  1500 g-hd-1-d-1. The method of step-up was t o  
i n c r e a s e  f e e d  o f f e r e d  by 100 g u n i t s .  I f  t h i s  w a s  consumed f o r  two consecu t i ve  
days,  f e ed  i n t a k e  w a s  i n c r e a s e d  again .  Th is  con t inued  u n t i l  a l l  lambs had 
reached t a r g e t  i n t a k e s .  Feed r e f u s a l s  were  removed d a i l y .  

A f t e r  1 4  days  a d a p t a t i o n  a t  t a r g e t  i n t a k e  l e v e l s ,  lambs were weighed and pu t  
i n t o  metabolism s ta l ls .  Lambs were  a l lowed 3 days a d a p t a t i o n  t o  t h e i r  new 
environment.  Feces and u r i n e  were c o l l e c t e d  f o r  two consecu t i ve  3-day c o l l e c t i o n  
pe r i ods  ( 6  days t o t a l ) .  T o t a l  f e ed  consumption w a s  moni tored and f eed  r e f u s a l s  
were weighed back and subsampled. A f t e r  1 0  days i n  t h e  s ta l l s ,  lambs were  
removed, reweighed and j u g u l a r  blood samples were t aken  b e f o r e  morning f eed ing .  
Groups were  t h e n  r ea s s igned  i n t a k e  l e v e l s  (LI-MI, M I - H I ,  HI-LI) and a l lowed 
a n o t h e r  1 4  days  a d a p t a t i o n  f o r  t h e  nex t  r e p l i c a t e .  Th is  procedure  was r epea t ed  
t h r e e  t imes ,  s o  t h a t  each  group of lambs w a s  f ed  a t  each i n t a k e  l e v e l .  

Blood samples were s t o r e d  a t  20 C f o r  24  hours  and a l lowed t o  c l o t .  Serum 
was s e p a r a t e d  by c e n t r i f u g i n g  a t  7800 x g f o r  30  minutes.  Serum was decanted and 
s t o r e d  a t  -180 C u n t i l  ana lyzed  f o r  u r e a  n i t r o g e n  (SUN) as de sc r i bed  by Fawcett  
and S c o t t  (1960).  

A t  t h e  end of c o l l e c t i o n  pe r i ods ,  d a i l y  f e c e s  and o r t s  were pooled f o r  each  
lamb and subsampled f o r  d r y  m a t t e r  (DM), n i t r o g e n  (N) and a c i d  d e t e r g e n t  f i b e r  



(ADF) de te rmina t ion .  Feed and o r t s  were d r i e d  i n  a  forced  d r a f t  oven a t  1000 C 
f o r  24 hours .  Feces were d r i e d  i n  a  forced  d r a f t  oven a t  560 C f o r  48 hours.  
A l l  samples were then  ground through a  1-mm s c r een  and s t o r e d  i n  a i r t i g h t  
c o n t a i n e r s  f o r  subsequent  a n a l y s i s .  

Urine was c o l l e c t e d  i n  v e s s e l s  con ta in ing  100 m l  of a  30% HC1 s o l u t i o n .  
Urine ou tput  of <I000 m l  was d i l u t e d  t o  volume (1 l i t e r )  w i t h  de ionized  wa te r  t o  
avoid s a l t  p r e c i p i t a t i o n .  Pooled subsamples (10%) of t h e  u r i n e  were s t o r e d  a t  20 
C dur ing  c o l l e c t i o n  pe r iods  and then  a t  -180 C u n t i l  analyzed. 

N con ten t  of u r ine .  d ry  feed ,  f e c e s  and o r t s  was determined by t h e  Kje ldahl  
method (AOAC. 1980) .  Acid de t e rgen t  f i b e r  of d r i e d  feed.  f e c e s  and o r t s  was 
determined a s  desc r ibed  by Goering and Van Soest  (1970).  

Nitrogen r e t e n t i o n  v a l u e s  repor ted  r e f l e c t  e i t h e r  t h e  percentage  of 
d i g e s t i b l e  N r e t a i n e d  o r  N r e t e n t i o n  i n  grams. 

S ing le  s t age .  i n  v i t r o  48-hour fermentable  DM d i sappearance  ( T i l l e y  and 
Terry.  1963) was determined f o r  t h e  semi-purif ied d i e t .  I n d i g e s t i b l e  ADF of t h e  
semi-purif ied d i e t  was cons idered  t h e  ADF r e s i d u e  p re sen t  fo l lowing  a  72-hour 
i n  v i t r o  fe rmenta t ion .  I n d i g e s t i b l e  ABF was checked f o r  i t s  v a l i d i t y  f o r  f u t u r e  
use  a s  an i n t e r n a l  phase marker (Weidemier and Males. 1983) .  I n d i g e s t i b l e  ADF 
found i n  t h e  f e c e s  was used t o  p r e d i c t  DM d i g e s t i b i l i t y  a s  expla ined  by Church 
(1976).  P red i c t ed  DM d i g e s t i b i l i t y  was regressed  a g a i n s t  apparen t  DM 
d i g e s t i b i l i t y  t o  determine i n d i g e s t i b l e  ABF v a l u e  f o r  p r e d i c t i n g  apparen t  DM 
d i g e s t i b i l i t y .  

The experiment was s t a t i s t i c a l l y  analyzed a s  a  3  x  3  l a t i n  squa re  des ign  
( S t e e l e  and Tor r i e .  1980).  Analysis  inc luded  us ing  gene ra l  l i n e a r  model (GLM) 
[SAS. 19851 t o  c a l c u l a t e  miss ing  va lues  t h a t  occurred i n  per iod  I, c o l l e c t i o n  11. 
Independent v a r i a b l e s  inc luded  i n  t h e  model were i n t a k e  l e v e l .  pe r iod ,  group. 
c o l l e c t i o n .  lamb and a p p r o p r i a t e  i n t e r a c t i o n s .  

Orthogonal comparisons of e f f e c t s  were based on t h e  comparisons L I  and H I  v s  
M I  and LI  v s  H I .  

Resu l t s  

Lambs adapted t o  t h e  d i e t  r a t h e r  quickly.  a l though H I  lambs less r e a d i l y  
consumed t h e i r  e n t i r e  por t ion .  Weight g a i n  improved w i t h  i n c r e a s i n g  DM i n t a k e  
wh i l e  lambs were i n  t h e  metabolism c r a t e s  ( t a b l e  3 ) .  

DM i n t ake .  DM d i g e s t i b i l i t y .  N i n t a k e  and N r e t e n t i o n  (g)  a r e  shown i n  
t a b l e  3.  There were no d i f f e r e n c e s  r e l a t e d  t o  per iod.  Therefore.  combined mean 
v a l u e s  w i l l  b e  d i scussed .  DM i n t a k e  was d i f f e r e n t  between LI  and H I  (P<.01) ,  a s  
were grams of N i n t a k e  (P<.05) and grams of N r e t a i n e d  (P<.05; t a b l e  3 ) .  DM 
d i g e s t i b i l i t y .  ABF d i g e s t i b i l i t y  and percentage  d i g e s t i b l e  and r e t a i n e d  N were 
no t  a f f e c t e d  by i n t a k e  l e v e l .  

Serum u r e a  N (SUN) l e v e l  was n o t  a f f e c t e d  by i n t a k e  l e v e l .  Values ob ta ined  
(x  = 15.2 mg*dl-1) were i n  l i n e  w i t h  va lues  r epo r t ed  by Pres ton  e t  a l .  (1965) a s  
be ing  t y p i c a l  f o r  lambs on growing o r  f i n i s h i n g  d i e t s  w i t h  adequate  amounts of 
d i e t a r y  c rude  p r o t e i n .  



Crude p r o t e i n  c o n t e n t  of co rn  cobs was determined t o  b e  3.2%. Acid 
d e t e r g e n t  i n s o l u b l e  N e q u a l l e d  3.07% crude  p r o t e i n ,  i n d i c a t i n g  co rn  cobs probably 
c o n t r i b u t e  l i t t l e  o r  no d i g e s t i b l e  p r o t e i n  t o  t h e  SPD. 

I n  v i t r o  DM d i g e s t i b i l i t y  a t  t h e  SPD was found t o  be  74.8% f o r  pe r i od  I and 
77.2% f o r  pe r i ods  I1 and 111. 

I n d i g e s t i b l e  ADF of t h e  d i e t  was g iven  c o n s i d e r a t i o n  f o r  u se  a s  an i n t e r n a l  
phase marker f o r  p r e d i c t i n g  p a r t i a l  and t o t a l  t r a c t  DM d i g e s t i b i l i t y  i n  f u t u r e  
s t u d i e s .  I n d i g e s t i b l e  ADF v a l u e s  determined f o r  t h e  d i e t  were  10.2% f o r  pe r i od  I 
and 7.1% f o r  pe r i ods  I1 and 111. The change i n  t h e  i n d i g e s t i b l e  ADF of t h e  
semi-pur i f i ed  d i e t  w a s  due t o  a change i n  sou rce  o f  corn  cobs between p e r i o d s  I 
and 11. , . 

I n d i g e s t i b l e  ADF i n t a k e  (IADFI) and DM i n t a k e  were used i n  a m u l t i p l e  
r e g r e s s i o n  t o  p r e d i c t  t h e  i n d i g e s t i b l e  ADF recovered  (IADFR) i n  t h e  f e c e s .  Th i s  
e q u a t i o n  w a s  de f i ned  a s  IADFR = 80.3824 + ,852 (IADFI) + .0426 (DMI) ; [ r 2  = 
.7057; P<.01].  Th i s  i n d i c a t e s  a s t r o n g  r e l a t i o n s h i p  between i n t a k e  and recovery.  

D i scus s ion  

The semi-pur i f i ed  d i e t  used was a c c e p t a b l e  t o  lambs and suppo r t ed  growth. 
These r e s u l t s  a r e  c o n s i s t e n t  w i t h  t hose  of L o o s l i  e t  a l .  (1949) ,  O l t j e n  e t  a l .  
(1962a,b) and Maeng and Baldwin (1976).  The semi-pur i f i ed  d i e t  w a s  fo rmula ted  t o  
c o n t a i n  12% crude  p r o t e i n .  Th i s  v a l u e  is  cons ide r ed  t o  b e  t h e  maximum v a l u e  f o r  
e f f i c i e n t l y  u t i l i z i n g  u r e a  (Reid,  1953) .  Rumen NH3-N was 4.44 mg/dl i n  lambs f e d  
semi-pur i f i ed  d i e t  and serum u r e a  N from t h e s e  lambs had a  mean v a l u e  of 15.2 
mg/ d l .  These v a l u e s  r e p r e s e n t  a c c e p t a b l e  parameters  i n  t h e  n u t r i t i o n a l  
physiology of t h e  ruminant ( R o f f l e r  and S a t t e r  1975a; P r e s t o n  e t  a l . ,  1965) .  

When t h e  semi-pur i f i ed  d i e t  w a s  f e d  a t  t h r e e  l e v e l s  of i n t a k e ,  it w a s  
observed t h a t  N r e t e n t i o n  i n c r e a s e d  w i t h  i n c r e a s i n g  DM i n t a k e  ( t a b l e  3 ) .  S ince  
l i t t l e  deg radab l e  N was provided from t h e  corn  cobs ,  w e  can presume t h a t  n e a r l y  
a l l  of t h e  p r o t e i n  r e t a i n e d  was of m ic rob i a l  o r i g i n .  Th i s  i n d i c a t e s  t h a t  we can 
c o n t r o l  t h e  q u a n t i t y  of m i c r o b i a l  p r o t e i n  a v a i l a b l e  t o  t h e  animal  by c o n t r o l l i n g  
DM and N i n t a k e .  

I n  t h e  p a s t  semi-pur i f i ed  d i e t s  have been low i n  c rude  f i b e r .  Corn cobs 
were  i nc luded  i n  t h i s  d i e t  t o  p rov ide  t h e  " s c r a t c h  f a c t o r "  t o  ma in t a in  ruminal 
e p i t h e l i u m  as w e l l  as p rov ide  t h e  i n d i g e s t i b l e  f i b e r  needed f o r  u s e  as a n  
i n t e r n a l  phase marker f o r  q u a n t i t a t i n g  rumen DM outf low ( P r i t c h a r d  and Males, 
1985. Weidemier and Males. 1983) .  Regress ion a n a l y s i s  o f  i n t a k e  v e r s u s  recovery  
i n d i c a t e d  we can  u t i l i z e  i n d i g e s t i b l e  ADF a s  a d i g e s t i o n  marker i n  t h i s  d i e t .  
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TABLE 1 .  COMPOSITION OF THE SEMI-PURIFIED DIETa 

Ingredien t  % 

Corn s t a r c h  
Solka-Fl oc 
Corn cobs 
Animal f a t  
Urea 
~ i c a l b  

K2S04 
Trace minera l ized  s a l t  

Vitamin E 
Vitamin A 

Crude p r o t e i n  
Ca 
P 
Mg 
K 
S 
I 
Se 
Zn 

31.888 
28.931 
3 0.020 

2.499 
4.269 
1.490 

- 5  8 4  
.300 
.017 

1 . 0  ppm 

6 4  PPm 
.219 ppm 

1.49  ppm 
17 PPm 

12.0  
- 3  65 
.287 
.06 
.50 
.20 
.80 ppm 
.10 ppm 

5 0  PPm 

a Calculated percent  dry ma t t e r  b a s i s .  
A commercial mixture of d i  and mono calcium 

phosphates conta in ing  26.50% Ca and 18.70% P. 

TABLE 2 .  LAMB RECEIVING DIETa 

Ing red ien t  % 

Corn cobs 
Corn g r a i n  
A l f a l f a  
Soybean meal 
Molasses 
~ i c a l b  
Trace mineral ized s a l t  

a  Percent  dry ma t t e r  b a s i s .  
b  A commercial mixture of d i  and mono 

calcium phosphates conta in ing  26.3 0% Ca and 
18.70% P. 



TABLE 3. EFFECT OF INTAKE LEVEL ON 
SEMI-PURIFIED DIET UTILIZATION 

I n t a k e  
l e v e l  DMIa D M D ~  NIa NRa ADG" 

a g/hd/d. 

P e r c e n t  d r y  m a t t e r  d i g e s t i b i l i t y .  
Means d i f f e r  (P<.01). 
Means d i f f e r  (I?<. 05). 
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